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ADNOTARE

Teza ,,Asigurarea calitatii proiectelor informationale” este scrisa in limba englezd si
prezentatda de domnul Ran BERGMANN pentru obtinerea titlului de doctor in informatica,
specialitatea 121.03 — Programarea calculatoarelor. Teza a fost elaborata la Universitatea de Stat
din Moldova, Chisinau.

Structura tezei: Teza consta in Introducere, 4 capitole principale, Concluzii generale si
recomandari, Bibliografie 167 de titluri. Textul principal cuprinde 161 de pagini, include 55 figuri,
16 tabele, 16 formule si 9 anexe. Rezultatele obtinute ale tezei au fost publicate in 10 lucrari
stiintifice, cu un volum total de peste 4 coli de autor.

Cuvinte cheie: proiect de informatii (IP), sistem informational (IS), software, calitatea IP,
caracteristici de calitate, standarde de calitate, metamodel generic de calitate, model particularizat
de calitate, sistem de management al calitatii (QMS).

Scopul si obiectivele cercetarii. Scopul tezei constd in furnizarea de calitate a IPs.
Obiectivele tezei constau in dezvoltarea metamodelului generic de calitate, care integreaza
cunostintele despre modelele de calitate cunoscute, factorii de calitate si cele mai bune practici,
prezentate in standardele internationale actuale; identificarea factorilor de calitate si construirea
modelelor de calitate particularizate/specifice, obtinute din metamodelul generic de calitate;
evaluarea calitatii IP/IS de-a lungul ciclului de viata; specificarea cerintelor si dezvoltarea unei
aplicatii software-suport pentru administrarea metamodelului, generarea modelelor specifice,
evaluarea calitatii, ca parte a Project Management Office (PMO) cu implementarea rezultatelor
intr-o organizatie.

Noutatea stiintifica si originalitatea sunt reflectate intr-o noua abordare pentru evaluarea
si Tmbunatatirea continud a calitatii IPs de-a lungul ciclului de viatd, bazat pe combinatia intre
metodologia moderna de dezvoltare Agile si modele de calitate particularizate, obtinute din
metamodelul generic si in aplicatia originala/instrument software-suport a noii abordari.

Problema stiintifici importanti rezolvata in cercetare: noua abordare deschide
posibilitatea de a defini calitatea IPs la nivel conceptual, creand baza pentru evaluarea formala
ulterioara a gradului de conformitate a IPs dezvoltate cu cerintele de calitate.

Semnificatia teoretica este confirmata de analiza, generalizarea si determinarea
principiilor teoretice ale noii abordari a procesului de evaluare continua a calitatii IP pe intregul
ciclu de viata al proiectului, bazatd pe combinatia si relatia dintre modelul de imbunatatire a
calitatii Deming, modele de calitate adaptabile si metodologia moderna de dezvoltare Agile.

Valoarea aplicativa. Noua abordare de evaluare a factorilor de calitate, metamodel
generic, modele particularizate, functiile de masurare - toate acestea au fost realizate intr-un
aplicatie instrumentala software IPMS - Information Project Management System, ca extensie
PMO. Abordarea propusa si aplicatia elaborata au un potential imens pentru industria software in
reducerea semnificativa a timpului si costului evaludrii calitatii IPS si imbunatatirii calitatii.

Implementarea rezultatelor. Noua abordare de evaluare a calitatii si instrumentul
software realizat sunt implementate in ,,WGS”, Israel (Anexa 5) si in procesul de studiu al
Universitatii de Stat din Moldova (Anexa 6).Dar, aceste rezultate pot fi, de asemenea, utilizate
direct de orice alte organizatii implicate in dezvoltarea IPs si/sau de catre cercetatorii si studentii
altor institutii de invatamant a disciplinelor de inginerie software.
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ANNOTATION

The thesis ,,Providing Quality of Information Projects” is written in English and
submitted by Mr. Ran BERGMANN for fulfillment of the requirements for the PhD in informatics,
specialty 121.03 — Computer programming. The thesis was elaborated at the Moldova State
University, Chisinau.

The structure of the thesis: The thesis consists of Introduction, 4 main chapters,
Conclusions and recommendations, Bibliography of 167 titles. The main text amounts up to 161
pages, includes 55 figures, 16 tables, 16 formulas, and 9 annexes. The obtained results of the thesis
were published in 10 scientific papers, with a total volume over 4 sheets of author.

Keywords: Information Project (IP), Information System (IS), Software, Quality of IP,
Quality characteristics, Quality standards, Generic Quality Metamodel, Tailored Model of Quality,
Quality Management System (QMS).

Research Goal and Objectives. The aim of this thesis is to provide quality of IPs. The
objectives of thesis are described as follows: developing the generic quality metamodel, which
integrates the knowledge about known quality models, quality factors, and the best practices,
presented on the actual international standards; identifying of the quality factors, and building the
tailored/specific quality models, obtained from generic quality metamodel; assessing of quality
along lifecycle; specify the requirement, develop a software application to support for metamodel
administration, generation of tailored models and quality assessment, as part of the Project
Management Office (PMO), with the implementation of results in an organization.

The scientific novelty and originality are reflected in a new approach for continuous
assessment and improvement of IPs quality along lifecycle based on combination between modern
Agile development methodology and tailored quality models, obtained from generic metamodel
and in an original digital application/tool for support of new approach.

The important scientific solved problem in the research: new approach opens up the
possibility to define the quality of IPs at the conceptual level, creating the basis for the subsequent
formal assessment of the degree of compliance of the developed IPs with the quality requirements.

The theoretical significance is confirmed by the analysis, generalization and
determination of the theoretical principles of a new approach for the continuous process of
assessing the quality of IP throughout the project life cycle, based on the combination and
relationship between the Deming quality improvement model, adaptable quality models and the
modern Agile development methodology.

The applicative value. The new assessment approach for quality factors, generic
metamodel, tailored models, measurement functions — all of these have been realized in a software
application tool IPMS - Information Project Management System, as extension for the PMO. The
proposed approach and elaborated application have huge potential for software industry in
reducing significantly the time and cost of quality assessment of IPs and improvement of quality.

The implementation of the results. The new assessment approach and the realized
software tool are implemented in "WGS", Israel (Annex 5) and in the study process of the Moldova
State University (Annex 6). However, these results also can be directly used by any other
organizations concerned with IP development and/or by researchers and students of other
educational institutions at software engineering disciplines.



AHHOTANUA

Huccepranus Ha TeMy «OQbecneuenue Kauecmea UHPOPMAUUOHHBIX RPOEKM06)» HaTlMCaHa
Ha aHTJIMMCKOM SI3bIKE U IpecTaBieHa rocruoanaoM Pan FPEPI'MAHH nis mojlydeHus CTEeIICHU
kangugata Hayk 1o  HMHbopmaruke, cnenuanbHOcTh 121.03  —  Komnwromephnoe
npoepammuposanue. Jluccepranus Obuia paspadorana B MoigaBckoM ['ocynapcTBEHHOM
YHUBEpCUTETE.

Ctpykrypa amccepramum: [luccepramusi COCTOMT W3 BBEIEHHUS, 4-€X OCHOBHBIX TJIaB,
3aKIIIOYCHUS U PEKOMEHIAILMM, CIUCKa JUTEpaTypbl u3 167 HamMmeHoBaHHMi. OCHOBHOM TEKCT
cocraBisieT 161 cTpanwmipl, BKIrodaeT 55 pucyHkoB, 16 tabmmi, 16 dopmyn U 9 npuaoKeHHA.
[TomyuyeHHBIE pe3yabTaThl ONMyOJIMKOBaHbI B 10-TH Hay4YHBIX paboTax, 0OMMM 00BEMOM CBEIIIIE 4
ABMOPCKUX TUCTO8.

KiawueBblie ciaoBa: ungopmayuonnvii npoekm (IP), ungopmayuonnas cucmema (1S),
npozpammuoe obecneuenue, kavecmeo IP, xapaxmepucmuku kavecmea, cmanoapmul Kavecmad,
0000weHHas Mmemamooenb Kavecmed, 4acmuas MoOelb Kauyecmed, CUCMeMd MEeHeONCMEHMA
kauecmea (QMS).

Ieaso padorbl sBisercs obOccreuenne kadectBa |S. Iloaienun coctosT B pa3paboTKe
0000IICHHOW METaMOJeNIM KayecTBa, KOTopas OOBEAMHSAET 3HAHUS OO0 HM3BECTHBIX MOICIIAX
KauecTBa, (akTopax KayecTBa M JIYUYIIMX THPAKTUKAX, MPEJACTABICHHBIX B aKTyaJbHBIX
MEXIYHApOJHBIX CTaHIApTax; BBIABICHHEC (PAKTOPOB KauecTBa M IOCTPOCHUE YaCTHBIX/
crienupuUecKux Mojelel KadecTBa, TMOJYYCHHBIX W3 OOOOIIEHHONW METaMOJCIH KayecTBa;
OIICHKAa KauecTBa Ha MPOTSHKEHUE >KM3HEHHOTo mo 1ukia IP; crnenudukanus tpeboBaHuil u
pa3paboTKa MPOrpaMMHOTO MPHIIOKECHHUS-UHCTPYMEHTA IS TIOJICP)KKH METaMOJISIH, CO3IaHus
CIICLMATU3MPOBAHHBIX MOJICICH W oleHKH KadecTBa 1S, kak dacte OducHoro YmpaiacHUs
npoektamu (PMQO), ¢ BHeIpeHHEM pe3yIbTaTOB B HEKOTOPOM OpraHUu3aIiH.

HayuyHnasi HOBM3HA M OPHIHHAJBLHOCTH OTPAXKECHBI B HOBOM IIOJIXOJIE K HEMPEPHIBHOU
OIICHKE M YJYYIICHHIO KauecTBa |S Ha MPOTSHIKEHHH JKM3HEHHOTO IHMKJIA Ha OCHOBE COYCTaHUS
COBPEMEHHOM METO0JI0THH pa3paboTKu Agile M amanTUpyeMbIX MoJIelIel KauecTBa, MOTyYEeHHBIX
13 00OOIIEHHOW METaMoOJIed U B OPUTMHAIBLHOM HHU(PPOBOM MPUIOKCHUH/MHCTPYMEHTE ISt
MOJACP>KKHA HOBOTO TTOAXO0/1aA.

Baxnoid HaydHO# NpoO0JieMoOii, pelIacMoi B HCCICIOBAaHUHM, SBIISICTCS HOBBIM MOAXOM,
KOTOPBI OTKPBIBAET BO3MOXXHOCTH OIPECICHHUS KadecTBa |S Ha KOHIENTyallbHOM YpPOBHE,
cO3/1aBasi OCHOBY JUISI TTOCJIEAYyOIeH (hOopMaIbHON OIIEHKH CTEIIEHH COOTBETCTBUS TPEOOBAHUSAM
KauecTBa, pa3pabOTaHHBIX |S.

Teoperuyeckass 3HAYMMOCTH Pa0OTHI TOATBEPXKIACTCS aHAIU30M, OOOOIICHUAMU
OmpeeICHUEeM TEOPETHUYECCKUX IPUHIIMIIOB HOBOTO IIOAXOJA JJI HEIPEPBIBHOTO IIpoliecca
oneHkn kadectBa MC Ha mNOPOTSHKEHWHM JKU3HEHHOTO IIMKJIA IPOEKTa, OCHOBAHHOTO Ha
00BEIMHEHNE U CBSI3b MEXTY MO/ICIBIO TTOBBIIICHUS KauecTBa JleMuHTa, afanTUPyeMbIX MOIeel
KauyecTBa M COBPEMEHHOM METO0J0TuU THOKOM pa3padboTku Agile.

IMpuxkiaagnas nmeHHOCThL padoTel. HOBBIM moaxon K oleHke (aKTOpOB KadecTBa,
000011IcHHAsT METaMOJIe]Ib, adanTUPYEeMbIe MOJIeTH, (YHKIIMA U3MEPEHHUS ObUTH pealu30BaHbl B
nporpammuoMm uHctpymerte IPMS Information Project Management System kak paciiupenue
st PMO. [pennaraeMbrii moaxoa v pa3pad0TaHHOE TPHIOKEHUE UMEIOT OTPOMHBIN IMTOTECHITHAT
JUIS MHTYCTPUH TIPOTPAaMMHOTO 00SCIIEUeHHS B 3HAUUTEIIHHOM COKPAIlICHUH BpEMEHH | 3aTpaT Ha
ornenky kadecrBa MC u ux ynydmenue B mporpamMMmuHoMm uucrpymente (Information Project
Management System) kax pacmmpenue s PMO.

Bueapenue pe3yabraTtoB. HOBBIE TOAXOM K OIEHKE KadecTBa M peaJTu30BaHHBIN
IPOrpaMMHBIH MHCTpYMEHT BHeapeHbl B "WGS", Uspauns ([Ipminokenue 5) u B yuyeOHOM
nporecce Momaasckoro 'ocynuBepcurera (IIpuioxkenue 6). DT pe3ynbTaThl TaKKe MOIYT
HEIMOCPEICTBEHHO HCIOJMB30BaThCSl JIIOOBIMU JPYTUMH  OPTaHHW3AIUSAMH, 3aHUMAIOITUMUCS
paszpaborkoii MC, u/uimm HMCCIeqoBaTeIIIMU WU YYalIUMHUCSA JPYTHX YYCOHBIX 3aBEIACHUMN I10
TUCITUTIIINHAM, CBSI3aHHBIX C pa3pabOTKOM MpOrpaMMHOTO 00eCIICUCHHUS.
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LIST OF ABBREVIATIONS

The American National Standards Institute

The American Society for Quality

Business Intelligence

Centers for Disease Control and Prevention

Capability Maturity Model

Capability Maturity Model Integrated

Control Objectives for Information and Related Technology
Cost of Quality

Commercial Off-The-Shelf Components

Customer Relationship Management

Enterprise Resource Planning

Failure Mode and Effect Analysis

Information and Communication Technologies

Interchange of Data between Administrations

I&CT Development Index

International Electrical and Electronics Engineers
Information Project/ (s), such IS/IT, web, software development project etc.
Information Quality

Information Systems

IT service management, ISO standards series 20000 (taken form ITIL)
Information Systems Audit and Control Association
International Organization for Standardization, founded in 1946
Information Technology

Information Technology Information Library

General Data Protection Regulation

Knowledge-based Information Society

Microsoft' Operations Framework

Microsoft

U. S. National Institute of Standards and Technology

Office of the Chief Information Officer

Organizational Project Management Maturity Model

Plan — Do — Check — Act (PDCA circle)

Project Management
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PMBOK- Project Management Body of Knowledge

PMI - Project Management Institute
PMIS - Project Management Information Systems
PMO - A Project Management Office that defines and maintains standards for PM within

the organization
PRINCE2-  Projects in Controlled Environments, version 2, a development methodology

QA - Quality Assessment

QM - Quality Management

QMS - Quality Management System

ROI - Return on Investment

SDLC - System/Software Development Lifecycle

SQuaRE - Systems and software quality requirements and evaluation
TOM - Total Quality Management

WEB - World Wide Web (WWW)

11



Every business is a software business now.
Agility isn't an option, or a thing just for
teams, it is a business imperative...

(Dean Leffingwell, Creator of SAFe)

INTRODUCTION

Topicality and importance of the information project quality.

The term ,,Information Project” (IP, to the plural IPs) has already come in scientific use
for some time. IP is a particular case of the project concept. IP may regard the computerizing of a
function inside an organization or modernizing of an older computer investment, as well as all the
activities that are meant to reorganize information related processes, development of the software
systems and applications. In the thesis under the notion of Information Project we will mean the
implementation of I&CT in any activities, including development of the information systems,
software systems and applications for the information consumer needs.

Information and Communication Technology sector grooving. I&CT Development Index
(ID1) for Moldova in 2017 reached 6.45, ranked 59th out of 170 countries, and Israel - 7.88, 23rd.
For comparison, Iceland ranks first with the index value of 8.98 [1]. IDI is a composite index
combining 11 indicators, categorized into three sets, which reflecting the level of I&CT access,
I&CT use and I&CT capability and skills required to use I&CT effectively in the society.

Share of 1&CT sector in Gross Domestic Product (GDP) from Moldova in 2017 and 2018
was 9% [2]. Compared with 2017, share of I&CT in GDP Russia is 3%; in South Korea — 12%,
in Poland’s — 6.06%, in Germany 8.15%, in Czech Republic 8.43%, in France 7.33%. In January
2019, it became known that private technology companies in Israel, which are the main driver of
the country's economy, achieved a record of $ 6.47 billion in investment in 2018. This is 17%
more than a year earlier [3]. The evolution of information technology continues to affect
significantly the business environment and demonstrate the need to provide quality in information

projects. I&CT changes business practices, reduces costs and alters the ways in which systems

should be controlled. In addition, according to ISACA (https://www.isaca.org/), technology plays
a key role in these actions; as it is becoming pervasive in all aspects of business and personal life;
I&CT controls the level of knowledge and skills required to control and audit information systems,
and it increases the need for well-educated professionals in the fields of information systems (1S)
governance, assurance, security and control [4].

One of the motivating factors to work on the thesis was the release of a new series of 1SO
25000 standards, as a new generation of regulatory documents of the International Organization

for Standardization in the field of software engineering related to standardization and software
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quality assessment. This is a landmark event in terms of the evolution of models that reflected
changes in software engineering, which seems to be a real swamp, if you look at the number and
the volume of the standards and various requirements [5].

I&CT, software has become an important component of many spheres of life as it is used
in all fields of activities like education, industry, services, management, etc. Often, I&CT has an
influence not only on the efficiency of management and production, but also the lives of people.
For example, I1&CT is actively used in medicine, including massive implantation of chips in human
beings.

The military, space, Internet and other important sectors are highly dependent on software.
For example, this year the US Company Google received a record fine of 50 million EUR for
violating the GDPR (General Data Protection Regulation) directive. Facebook has been fined $ 5
billion for violating data privacy rights. Since the March disaster, company Boeing 737 MAX
shares have fallen 15%, which is the biggest deviation in the Dow Jones Industrial Average,
Bloomberg notes. The company continues to lose money after the bad reputation of only
manufactured and best-selling airliners, which was damaged due to a software failure. Only in 3
months of the second quarter, the company lost about $ 5.6 billion from a massive ban on flights
of new Boeing 737 MAX models. For this reason, software quality assurance is extremely relevant.

Problem Statement. Neglecting the great importance and impact of I&CT, today still
persists poor information projects performance: only 32% of the software projects are
successful [5], other 68% are challenged or failed. The PMI report ,, Pulse of the Profession2017
showed a slight improvement, but broadly speaking, the statistics tell a shocking story. ,,Failed
projects” are still over 30%. The average budget loss on projects for under performing companies
was 46%.0ver a third (34%) of projects aren’t base lined at the planning stage [6].

More of IT/IS/software development projects have a bad reputation for going over budget
and schedule, not realizing expectations and for providing poor return on investment. Surveys and
reports on the acceptability of new IT/IS/software systems seem to highlight constantly the same
problems and probable causes of failure yet businesses, large and small, continue to make mistakes
when attempting to improve information systems and often invest in inappropriate or unworkable
changes without proper consideration of the likely risks.

For example, already in 1995, during the first stages of the Internet and information
revolution, [7] estimated that in the U.S. alone the worth of 175, 000 IS projects that were at
different progress stages that year was about $ 250 billion, out of which a total amount of $ 59
billion (about 24%) is the result of the excessive costs and an additional $ 81 billion $ (32.4%)

was the value of the projects which were canceled at the end. Similarly, [8] report that more than
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half of the projects in the field of information systems in the United States exceeded their budget
or their schedules, with 16.2% of IS projects failed to meet these both objectives.

These figures cannot be ignored both in the view of the vast money sums that were invested
in them and in the view of the business risk which entails for organizations. Seemingly, one might
have expected that with the development of the IS technology, and with its progress in PM
methodologies research as well as the stabilization and maturation of the market, the initial failure
and unsuccessful projects rate should have decreased. However, recent studies indicate that the
phenomenon continues to exist. For example, [9] it is estimated that until 2001 about $ 1 trillion
of $ 2.5 trillion $ invested in IS PM were directed to unsuccessful projects (failure rate of 40%),
ten years later estimates show that the failure rate of 33% persists [10], and worse of all is that
the chance of the failure of a large scale IS projects is about 85% [11].

According to CHAOS report ,,IT projects failure and success” for years 2011-2015,
published by the Standish Group [12-16], one can observe some improvement in successful
managing of software projects during the last decade, but still there are important problems to be
addressed when undertaking software development type projects.

As given in the examined reports, the failure rate of IS/IT projects has increased compared
to the success rate of such projects. There are two main disciplines to address this issue. The first
discipline focuses on the ,,positive” factors, e.g. identifying and characterizing of successful
projects. Studies (such as [8], [17], [18]) that review a wide range of technological and economic
features as well as behavioral and management perceptions which can differentiate a relatively
successful PM from other less successful ones. The second discipline aims at identifying the
factors common to failures. According to this vision, these factors are naturally expressed by
terms of project management and dealing with risk factors through quality assurance. In order to
deal with the risk, one should first acknowledge its existence, identify different kinds and types of
risks, and respectively classify these types and rank them in order of relevance and the threat they
embody in relation to the project (e.g., prioritization), hence ,,managers and other stakeholders
plan, implement, and monitor actions to control or mitigate risks” or, practically stated, manage
the IS project [10].

Obviously, a successful system solution through information project activities depends on
providing quality. This led to the fact that QM in software developments is now recognized by
ISO, ISACA, IEEE, PMI as an important discipline, along with software engineering.

But the quality of IPs is a complex concept, it means different things to different people,
and it is highly context dependent. An appropriate model is built on recognizing steps toward a

standard solution — it helps when the work of one team can be continued by another team at the
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point where the first stopped. Work is thus forwarded from team to team and time zone to time
zone until it has been completed. Since the quality of IPs can not only be verified/controlled at the
end of the project —it should be built and monitored throughout the lifecycle from conception to
use. This is one of the reasons to examine in this thesis the possibility of improving the quality of
IPs using a good methodology for project development and quality management.

It should be noted that presentation of uncertainty or the concept of the risk in IPs is quite
simplistic in that it distinguishes early stages, which focus on identifying and recognizing these
factors, from later stages of the PM that focus on management and quality assurance. Apparently,
this might be seen as an administrative issue, however in practice, as explained by [19], it turns
out that with the development of the software industry in general, and especially with the growth
and diversification of the use of complex and advanced technologies, project managers face an
exponentially increasingly range of risks, hence the complexity and the urgent need for providing
quality to Information Projects.

In conclusion, IS and software systems have been playing a key role in organizations
for decision-making and efficient business flow for years. Issues regarding the evaluation of
software quality, data quality and information quality have been noticed and identified
increasingly within the field of information systems management in recent years. Two main needs
arise from this background:

e Provide project managers a better understanding and methodologies for assuring

information projects quality.

e Increasing the quality of information projects along lifecycle, focusing on information

systems and application software.

The main idea to be drawn from context analysis is that the quality of the project and the
resulting product can be effectively managed considering both the software development
methodology and tools that are suited to the project requirements and team abilities, as well as
good management practices focused on specific standards families and quality models.

This is the main subject of the thesis, referred to as evaluating and improving IPs quality
in accordance with a better standardized practice and using tailored quality models. Today the
quality assessment of informational projects is an important discipline and a field of study with
interesting perspectives for researchers, since the rate of failed informational projects is still quite
high.

There is a consensus, both among scholars and among industry professionals, that

informational project is at least a challenging process. The business domain of QM of IPs and

15



software development is mainly characterized by complexity due to a rare combination of
innovation and technical and of business and managerial complexities and uncertainty.

The research domain is focused on providing quality of information projects because within
the framework of contemporary organizations about 50% of the activity takes place in the form of
project activities and all 1200% in the specialized organization for development and implementation
of information system, web applications, software application etc.

The goals and the objectives of the given thesis.

At the present moment, on the one hand, we have the high demand for success IPs for
Knowledge-based Information Society (KIS), e-business, e-economy etc., and, on the other hand,
— we have the high share of IPs failure. The quality of IPs can not only be verified/controlled at
the end of the project; it should be built and monitored throughout the lifecycle from conception
to use.

The main purpose of the research is providing quality of information projects,
considering the high-quality requirements at low costs and the modern trends of the software
development methodologies, including standardization.

But the context of different organization and quality characteristics for different types of
information projects/systems are very different. For example, a database could differ vastly from
an Internet site and their quality characteristics should be different, accordingly.

Building an integrated metamodel of IPs quality and the quality of resulting products
requires a great number of studies, analysis of I&CT and management standards, development
methodologies for IPs etc. The role of resultant tailored quality models is to support the main
activities of quality assessment.

The objectives of the thesis are the following:

e Study, analyze and identify the quality approach framework based on the best practices
presented on the actual international management standards, the specific context of the
organization and the most appropriate 1S/software development methodologies to
provide quality of IPs.

e Identify the quality characteristics from the literature review regarding IPs, analyze the
best quality models and practices for different IPs and develop a generic metamodel of
quality, which will integrate quality factors, suitable for widely used types of IS.

e Perform on-site research to verify the relevance of the selected quality characteristics

through the survey of experts in the field of information projects.
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e Specify the requirement and develop a software tool to support for new approach (as
part of Project Management Office, PMO).

e Implementing the developed approach in an organization.

These are the main subjects of the thesis, referred to as ensuring IPs quality (planning,
management, control) in according to the good practices, stipulated in a series of international
standards, including ISO 9000, 1SO 10000, ISO 20000 (ITIL), ISO 25000 families, ISACA
(COBIT) and in according with concrete context of the organization, type of the project and the
model of quality for this product.

Some organizations, such as ISO, IEEE, ISACA, etc. try to standardize software quality by
definite models, combining and relating software quality characteristics and subcharacteristics.
Meanwhile, researchers propose software metrics as tools to measure programs source code,
architecture, and performances. However, the relation between software quality models, metrics
and type of projects is not yet clear and consensual. Moreover, the process of software quality
assessment remains an open issue with many models, poorly applicable in practice.

The research is based on the following assumptions:

e The quality of IPs processes throughout SDLC and the resulting product quality (IS

and information), even if they mean different things, need to be treated together.

e In order to improve the quality of information projects, it is required to present an
information project quality assessment model that can be iteratively measured and
improved, during the period of the project lifecycle.

e Among the possible solutions to the mentioned issues is modifying 1S/software quality
models so that characteristics and subcharacteristics are more meaningful to their users.

e |IPs quality management along SDLC can be streamlined by automating routine work
and using input data directly from modern Agile software development processes,
assisted by digitized PMO.

The scientific novelty and originality are reflected in a new approach for continuous
assessment and improvement of IPs quality along lifecycle based on combination between modern
Agile development methodology and tailored quality models, obtained from generic quality
knowledge metamodel, which must be extensible, flexible and adaptable and which must be
supported by software application with primary data extraction directly from the PMO tools
(export-import). The new approach is composed by following elements: (1) generic metamodel of
quality, which includes the best knowledge about quality factors, extracted from known basic
models and quality standards; (2) tailored quality models built from metamodel, based on field
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research, which permit providing quality of some type of IPs; and (3) an original support
application; with the extraction of the some initial data directly from the Agile PMO.

The new suggested approach and application use collaboration tools and modern
methodology to develop IPs and standardized best practices for managing and continuously
improving of quality. As Agile software development processes systematically collect multiple
information (sprint retrospective), it can be directly used to assess the quality of the project for
formulating improvement tasks and increase project’s successfulness for the customer.

In addition, a new approach was built and implemented in a software application, based on
the research results dealing with meta-analysis of the most actual researches and tracking the 25
most important quality characteristics. This software application enables to manage quality of IPs
by performing quality assessments, in accordance with the quality characteristics for seven type
of information systems.

The important scientific solved problem in the research: new approach opens up the
possibility to define the quality of IPs at the conceptual level, creating the basis for the subsequent
formal assessment of the degree of compliance of the developed IPs with the quality requirements.
A new approach permits continuous assessment of the quality of IPs along the lifecycle that can
be systematically measured, calculated, managed and improved, based on primary data directly
extracted from the PMO applications such as Jira, Version One, TFS, etc.

The theoretical significance is supported by analyze, synthesis, specifying and defining
the theoretical principles and new approach for continuous assessment process of the quality of
IPs through the project lifecycle, based on connection between quality metamodel, tailored quality
models, Deming quality improvement model (PDCA) and Agile development methodology.

The applicative value of the thesis.

The new assessment approach for quality factors, generic metamodel, tailored models,
measurement functions — all of these have been realized in a software application tool Information
Project Management System, as extension for the PMO. The proposed approach and elaborated
application can be directly used as it is or can be easily extended/adapted to user needs and both
have a huge potential for software industry in reducing significantly the time and cost of quality
assessment of IPs and improvement of them.

The approval of results. The results were published in 10 scientific papers, among which
8 by a single author, with a total volume over 4 sheets of author, including 2 in magazines
recognized abroad, 2 in journals category B, were reported in 4 international conferences
(Mathematics & Information Technologies: Research and Education (MITRE-2015, MITRE-2016,
MITRE-2019)”, Chisinau, Republic of Moldova, ,, European Economic Integration”, Chisinau,
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Republic of Moldova, 2016) and 2 home conferences (The 5th social psychology conference for
PhD students, SODOCO, Haifa University, Israel, 2016, The 5th Kinneret Conference on Software
Engineering Education, Kinneret Academic College, Israel, 2017). Besides, the new assessment
approach and the realized software tool are implemented in ,,WGS”, Israel (Annex 5) and in the
study process of the Moldova State University (Annex 6). These results also can be directly used
by any other organizations concerned with IPs development and/or by researchers and students of
other educational institutions at software engineering disciplines.

Applied methods of research. Various methods of study and comparative analysis of
sources of information with synthesis were used in the thesis. To evaluate the success/failure of
the project, qualitative analysis methods are used for the triple constraints — Schedule, Cost, Scope
and recently added a few more things to manage such Quality, Risk, and Customer Satisfaction.

The work has a synthesis and applicative character with research and development
elements. The presence of a large number of quality norms/standards, abundance of information
on this subject is a real challenge, is a ,,swamp” that can easily ,,swallow” those who want to
implement a robust and efficient quality system. Solving the problem requires a profound study
and a general interrelated analysis of best practices/quality frameworks, summing up a relatively
simple and transparent metamodel to help the user choose the right strategy, tailored model and
policy quality of the organization.

Choosing the right tailored model and methodology in according with projects types and
the influential quality characteristics is crucial to the success of the project. The paper tries to guide
developers to Agile software development methods, which is in line with the general principles
and PDCA approach of quality management (ISO 9001) to continuous improvement of quality
and the integrated metamodel of quality, which encompasses the basics quality models, proposed
in 1ISO 9126, ISO 25010, ISO 25012 etc.

To determine which characteristics are more influent for different type of IS, has realized
a qualitative research — interviews of a heterogeneous sample representing managers, customers
and other practitioners in the fields of Information Systems and Projects Management.

The structure of the doctoral thesis.

The thesis consists of Introduction, four chapters, General conclusions and
recommendations, Bibliography, and nine Appendices.

Introduction describes the topicality and importance of the raised problems, the goals and
objectives of doctoral thesis, scientific novelty, of the obtained results, theoretical importance and

practical value of the work, results approval and summary of the doctoral thesis sections.
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Chapter 1 ,,State-of-the-art in the domain of IPs quality” deals with the theoretical
framework of the topic and includes literature review of information project, project
success/failure, project quality management, diagnose the problems and assumptions to solve of
them.

Chapter 11 ,,Methodological approaches of project quality management” describes the
general framework of quality, some of quality concepts and principles defined by Deming,
including Plan-Do-Check-Act cycle, used in all of the management standards and also known as
PDSA cycle, the ,,Deming Wheel” and ,, Shewhart Cycle”. Chapter Il attempts to bring more
understanding to the use of standards appropriate to the company's needs.

Chapter I11,,Software quality models and tools ” offers an overview and a critical analysis
of the system/software quality models, establishes the premises and formulates the basic tasks for
the realization of the metamodel and the particular quality models of IPs.

Chapter 1V ,,Field research on information systems quality” describes the general
metamodel of quality, the tailored models of quality for some type of IS, the numerical methods
for multicriterial calculus of quality and realized application for support of them.

The ,,General conclusions and recommendations” summarize the contribution of the
research from different aspects: mention the important scientific and applicative solved problem,
describes three main obtained results the significance and potential of the proposed metamodel
and application for software development organizations and suggestions for perspective research
in the domain of IPs and software quality improvement.

In addition, there is a Bibliography, Publications and List appendices, with supplementary
information of doctoral thesis, including questionnaire, software listings, acts confirming the
implementation of the obtained results, etc.

Keywords: Information Project (IP), Information System (1S), Software, Quality of IPs,
Quality characteristics, Quality standards, Basic Model of Quality, Tailored/particularized Model
of Quality, Quality Management System (QMS).
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Where there is a lot of knowledge - there is a
lot of annoyance (Kohelet, Bible)

The more you know, the more you hurt; the
more you understand, the more you suffer
(Contemporary English version)

I. STATE-OF-THE-ART IN THE DOMAIN OF IPs QUALITY

Despite the basic insight from literature that failure of information project is still big, and
that software quality is related to failures of the software, but also to the lifecycle costs of it, a-
inacceptable definition of IPs quality is still missing. In the first chapter, we introduce a
comprehensive discussion of the information projects, quality of project, quality of resulting
product and of related terms. This chapter highlights the importance of project development for
modern society and the unsatisfactory state of IPs resolution, emphasize some important

challenges regarding the quality of information projects and its resulting products.

1.1. Project development as an important activity for modern society

Modern information and communication technology change the way we live, work, learn,
entertain, etc. Today almost everyone uses various and many software applications, especially
mobile, which implies advanced product quality requirements and the challenge of manufacturers
to survive in the highly competitive global marketplace. Contemporary society, called the
Knowledge-based Information Society (KIS), is a new stage in its evolution, where change and
innovation prevail. Modern KIS is characterized by:

¢ Increasing the role of information and knowledge. Today not the one is rich who own

tangible goods (buildings, land, etc.), but he who possesses rich knowledge (intellectual
property). Information is estimated as the fourth vital element: after air, water, and fire.

e The driving force of development has become the production of information and

knowledge. The main product and the main value of the KIS have become information
and knowledge.
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e In KIS there is an increase in the share of informational communications, information
products and services in gross domestic product (for example in the Republic of
Moldova at 9-10% [20]).

The Global digital economy, the global information space, new electronic and mobile
business models, and the old ones are supported by modern information technologies, all of which
lead to the continuous increase of the demand for quality software.

Building globally KIS, integrating new information technology into all areas of human
activity, developing digital information products and services, including e-banking, e-payments,
e-government, e-education, e-health, etc., are the strategic objectives of the governments of most
countries of the world, including the Republic of Moldova and Israel, which have adopted Digital
Development Strategies [20], [21]. KIS-building plans at national level involve the realization of
many informational projects aimed at meeting the social and personal needs in information
products and services, including access to information resources for anyone who is empowered,
wherever and whenever necessary, in safety conditions.

To do all of the above-named, KIS requires many projects, especially systems and software
applications, including mobile. I&CT allow change the modern society and building the Global
Information Society (GIS), with a large specter of IPs. Today demand of quality IPs is very big.
Many organizations invest millions in hope to get some value in return from informational
projects. The success of information projects and the quality of resulting product continues to be
discussed and studied from many of international and national specialized organizations:

e Project Management Institute (PMI, http://www.pmi.org/), with the Guide to the Project

Management Body of Knowledge (PMBOK), sixth edition, 2017, [22], Brilliant Agile

project management. A practical guide to using Agile, Scrum and Kanban, first

published 2015 [23], The Project Manager’s Guide to Mastering Agile, principles and
practices for an adaptive approach, 2015, [24] etc.

e International Organization for Standardization (I1SO, http://www.iso.org/), with ISO

9001:2015, Quality Management Systems, requirements [25], universal standard
applicable to any organization; 1SO 10006:2017 [26], Quality management in projects,
family of ISO 25000, about 50 standards of Systems and software Quality Requirements
and Evaluation (SQuaRE); 1SO 20000:2011, a sets of detailed practices for IT service
management (ITSM) that focuses on aligning IT services with the needs of business
[27], 1SO 27000, Information Security, today over 60 published standard [28], etc.

22


http://www.pmi.org/
http://www.iso.org/

e The Institute of Electrical and Electronics Engineers (IEEE, https://www.ieee.org/),
with IEEE 12207-2017, an ISO/IEC/IEEE International Standard, which describe
software lifecycle processes [29], ISO/IEC/IEEE 29119 Software Testing; to support
static testing, the following standard has been defined ISO/IEC 20246:2017, Work
Product Reviews; to support the adoption of ISO/IEC/IEEE 29119-2, the Process
Assessment Model for Software Testing has been defined in ISO/IEC 33063:2015 etc.

e American Society for Quality, (https://asq.org/) with Guide to the Quality Body of
Knowledge (QBOK [30]).

e Information Systems Audit and Control Association, (ISACA, http://www.isaca.org/)

with your main product Control objectives for IT, the globally recognized Framework,
the leader in ensuring effective and strategic enterprise governance of information and
technology, updated in 2019 with new information and guidance facilitating easier,

tailored implementation (COBIT, https://www.isaca.org/cobit/pages/default.aspx), etc.

1.1.1. Project and Project quality management

The development of software for an improved business process, the construction of a
building or bridge, the relief effort after a natural disaster, the expansion of sales into a new
geographic market — all of this are projects.

The project is defined by different authors in many ways, sometimes in different standards
differently, since each one pursues certain goals. For example, a project can be defined as:

1. What We Want to Do (Larousse).

2. The goal we are pursuing, the image we are shaping about what we will do and the

means we will use (Le Robert).

3. A limited-time effort to create a new product or service (PMI).

4. A set of integrated activities designed to achieve a pre-defined target within a

determined timeframe and following an established action plan (The Organization for

Economic Co-operation and Development, https://www.oecd.org/).

5. A combination of steps and techniques for timing and budgeting the work needed to
achieve a result.

6. A management area that covers the activities of creating a product or service as a
unique set of activities linked to each other under specified time, budget, and expected
result qualities.

7. Unique process undertaken to achieve an objective (1SO 10006:2017).
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8. James P. Lewis considers the project to be a set of activities characterized by ,,clearly
defined start and finish deadlines, a range of activities to be carried out, a budget and
an expected level of performance”.

9. Something designed or proposed to be executed, a plan, a goal, a proposal (The Oxford
English Dictionary).

According to [22], [31] ,,A project is a temporary endeavor undertaken to create a unique
product, service, or result. The temporary nature of projects indicates a certain beginning and
end. The end is reached when the project’s objectives have been achieved or when the project is
terminated because its objectives will not or cannot be met, or when the need for the project no
longer exists”.

Definition no.6 and no.8 are the most complete. Definition no.1, no.7 and no.9 are short.
Which is the best or the worst? No one is bad, no one is better. All definitions have the right to
life, because they point out certain aspects. Defined formulations of project have a higher value
when considered together because they complement one another adding more features.

So, a project consists of a sequence of interrelated actions (a set of unique complex
activities) with a set start and end, with activities that are limited by time, resources and budget in
order to achieve a clearly defined unique and precise objectives and requiring organizational
structures and special methods.

A project is temporary, i.e. it has a defined beginning and end in time, and therefore defined
scope and resources. A project is unigue in that it is not a routine operation, but a specific set of
operations, designed to accomplish a singular goal. A project team also is temporary, and can
includes people who don’t usually work together, sometimes from different organizations and
across multiple geographies. And all must be expertly managed to deliver the results on-time, on-
budget, learning and integration that organizations need.

The project has a precise purpose (project features) in response to a new problem to be
solved. The goal determines the size of the project: how many resources, how long and how large
the project is. The project has a specific, desired, and predefined outcome, as a rule, indicated by
the name of the project. A project has a budget that limits the number of people, materials and
money that can be used to end it. One project has a responsible person called a project manager.
A project is a complex activity involving specific risks.

It is important to detach from the project definitions three major aspects of quality,
according to which one can define and relate to a project. The first aspect is the need to undertake
some endeavor, implicitly by some, which also raises the need for allocating some resources to

some activities, and hence the need to coordinate, control and monitor them. The second aspect
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relates to the effort and resources invested in a project should provide a unique product (usually
tangible), result, usually intangible (such as a report, a document or other outcome) or capability
to perform a service (usually in the context of as a business function). This is why, according to
this definition, a project, and hence project management, might relate to construction of a building,
executing a structural organizational change or developing or modifying an Information System.
The third aspect relates to a time frame of a project. More precisely, in spite of its tentative nature
a project should end within a definite time frame from its initial. This period is not necessarily
short, and more importantly is defined with relation to the completion of the objectives the project
undertook and not to the outcome itself (for example, a building construction project will end after
several months, but the building itself will stand for decades). Actually, the tentative nature of a
project emerges from this focus on completion of the project's objectives since, as stated by the
definition above, a project might end prematurely if the project managers might conclude that its
objectives will not or cannot be met, or that the need for the project does not longer exist.

Traditional Project Management describes [22], [32]:

e Six process groups of PM: Initiating, Planning, Executing (Implement), Monitoring and

Control, Adapt and Closing (Figure 1.1).

Implement

Figure 1.1. Project management cycle (lifecycle)
Source: Adapted by the author based on [22] (Page 668), [32] (Page 12), (emphasize the
PM cycle)

e The 47 project management processes grouped into ten separate knowledge areas:
Project integration management, Scope, Schedule, Cost, Quality, Resource,

Communications, Risk, Procurement, Stakeholder.
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e Recently added a few more things to manage: Risk, Customer satisfaction, and Quality

which is a subject of present work

Full details on the core processes of PM we can found in PMBOK [22], AGILE [23]. Below
there will be briefly described only QM activities.

The quality must to be defined at the initiating stage of project ,,Concept of quality”” has
the following sections:

e Quality policy and strategy;

e General requirements and principles of quality assurance;

e Standards, norms and rules;

e Integration of quality assurance functions;

e Requirements for a quality management system.

A policy and strategy are defined to ensure the quality of the product being developed that
satisfies the expected demands of the consumer. At the quality planning stage, standards are
defined that should be used to ensure that the content of the project meets the expectations of the
project participants. Quality planning includes both the identification of these standards and the
search for ways to implement them. The following are the main tasks of the planning phase:

e Determination of quality assessment indicators;

e Definition of technical specifications;

e Description of quality management procedures;

e Drawing up a list of objects of control;

e Selection of methods and means of quality assessment;

e A description of relationships with other processes;

e Development of a quality management plan.

Stage Execution of project includes organizing quality management, implies the creation
of necessary and sufficient organizational, technical, financial and other conditions to ensure
compliance with the quality requirements of the project and the project’s products and the
possibilities for meeting them.

Stage Monitoring and control of project in QM area consists in determining the
conformity of the project results with the quality standards and the reasons for the violation of
such compliance, regulation and analysis of the quality. The stage of quality control implies a
regular check of the project implementation in order to establish actual compliance with previously
defined requirements.

e Comparison of actual project results with requirements;
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e Analysis of the progress of quality in the project throughout its lifecycle;

e Formation of the list of deviations;

e Corrective action;

e Documenting changes.

At the Closing stage, QM completion, including a summary assessment of the quality of
the project results is completed, followed by the final acceptance, the compilation of a list of
quality claims, the resolution of conflicts and disputes, documentation, experience analysis and
lessons learned in quality management. Project quality management is carried out throughout the
project lifecycle. Figure 1.2 shows the stages of project quality management.

The quality of software products can be internal — measuring the static characteristics of
the product, e.g. code length, module structuring; external — measurement of code behavior
attributes when executed, e.g. correctness, reliability and quality in use — by measuring attributes

in a concrete context of use, e.g. pleasure, comfort. The ultimate goal is quality in use.

Iterative Improvement

Process Soffware product Effect of software product

Influences Influences Influences

Quality
in use
Attributes

External
Quality
Attributes

Internal
Quality
Attributes

Process

Quality

<-=-- C— - - € - =
o
Depends on Depends on Depends on j\
N N N '\ Contexts of use
Process measure Internal measure External measure Quality in use measure
Characteristics

Figure 1.2. Quality in the life-cycle of software development
Source: Taken from 1SO 25010 [33] (Page27)

The internal indicators of the software quality, inherent in the product itself are:
complexity, quantity, severity and failure rate due to defects, determined during testing. This topic
is about software engineering and is not examined in the thesis.

External quality of system/software measure a degree of programmable output that allow
for functional systems to meet the requirements and implementations of this system, including
programmable performance in the context of the use terms and conditions. Example — the number
of failures detected during the test is an external indicator of the software quality, associated with

the number of defects in the computing system.
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Quiality in use, the extent to which a product or system can be used by certain users to meet
their requirements in achieving the goals of efficiency (including economic), avoiding risk,
satisfaction, and context coverage in specified conditions of use.

In modern treatment of software quality (ISO 25000), both of external quality and quality
in use is the product's quality.

For effectively management of project information, PMO uses digital application tools,
such as:

e MS Project (https://products.office.com/en-us/project/project-management-software)

e Open Project (https://www.openproject.org)

e Primavera (https://www.oracle.com/applications/primavera/products/)

e Jira (https://www.atlassian.com/software/jira)

e Confluence (https://www.atlassian.com/software/confluence) etc.

In the thesis IPs are organizations, along with all the basic, essentially repetitive, processes
that allow the organization to operate reliably, in other words, a sound and meaningfully built
quality system. Project or Quality management is an application of knowledge, skills, tools, and
techniques to project activities to meet project requirements. A framework for PM/QM includes
the project stakeholders, PM/QM knowledge areas, and PM/QM tools and techniques.

Stakeholders are the people involved in, or affected by project activities.

1.1.2. Triple constraint of the project and challenges of quality

Quality of products is multidimensional, is subjective, and only some aspects of quality can
be measured. Better products, better project performance, and lower costs translate directly into
increased competitiveness in an ever-more-global market place. This is the essence of a quality
chain reaction described by W. Edwards Deming improve quality, reduce costs, improve
productivity, capture the market, stay in business, and provide more jobs [34].

The general principle which governs the quality of all projects is represented by three
elements: time, cost and scope (Figure 1.3).

The time that it takes to deliver a successful project, the complete cost of this project and
the scope or specific description of what is to be achieved by the project, can each be represented
by one side of a triangle. Like a triangle, any change to one element or side will affect the other
elements or sides, and, ultimately, the shape of the triangle, which represents the level of quality
(Figure 1.4).
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Figure 1.3. Traditional triple constraint of the project to obtain Quality
Source: Adapted by the author based on PMBOK [22] (Annex A3, page 110), [63] (Page
43), [35] (Page 1) (emphasize the quality element in the triangle)
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Figure 1.4. Dependence of Cost — Schedule — Performance
Source: Adapted by the author based on [22] (Annex A3, page 110) (are illustrates the

elements change effect)

To explain it in simpler terms, if you make a change to the time taken to complete the
project, one way or another, it will have an impact on either the cost or scope of the project or
both. Likewise, changing the scope of the project will impact on the cost or the time taken or both
and so on. This is a very important issue to remember because if you or another external force
make a change to one of these elements during the life of the project there must be an understanding
that the other elements will most likely be affected as well [35].

Unbalanced influences create flaws and will produce a flawed system. These alone do not

constitute failures; rather lead the system to failure. The factors which highly influence a system
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and then tend to create flaws and make hurdles in success of IS project are termed as risks. The
factors, involved in creating imperfection, lead towards the increase of the complexity of IS and
subsequently decrease its probability of success.

When we talk about the concept of project quality, we discover that human originality and
creativity are closely related to it. These aspects of quality are hard to measure, mainly because
programmers see their work as a work of art rather than as a commercial product. Another point
is that the software quality is hard to define, but it is easy to recognize in its absence, it is
transparent when present and, often, it is impossible to measure.

Some challenges of IPs quality providing refers to the following factors, but not only to
them:

e Software can’t be physically observed,;

e The lack of knowledge of client needs at the start;

e The change of client needs over time;

e The rapid rate of change on both hardware and software;

e The high expectations of customers, particularly with respect to adaptability;

e Many of quality characteristic definitions have direct relations with the programming

language, the environment for which a software product will implemented, etc.

The main challenge regarding the quality of IPs is related to the appropriate choice of
methodology and lifecycle model for product development. Changes in informational projects
are inevitable and generate a big amount of extra work:

(1) Getting agreement/approval of stakeholders;

(2) The necessity of frequent updating the plans, the schedules and the cost.

From the beginning of IPs development, the life model has evolved from the successive
scroll methods ,,Waterfall” to lIterative, Incremental, and Evolutionary methods of product
development, generically named Agile approach. Shortly the difference, advantage and
disadvantage for traditional and Agile approach will be discussed in section 2.2.

Within the software quality area, the need to provide a solution that matches user needs is
often considered as design quality whilst ensuring a match to the specification is considered as
manufacturing quality.

The second challenge regarding the quality of IPs: Quality is a complex, multivalent
concept, it means different things to different people, it is highly context dependent, and, as rule,
it is a subjective estimation (Figure 1.5).

David Garvin [36] described software quality from five different perspectives:
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1) Transcendental view, excellence. It envisages quality as something that can be
recognized but is difficult to define. Here quality is something that can be recognized through
experience but is not defined in some tractable form. Quality is viewed to be something ideal,
innate excellence, which is too complex to lend itself to be precisely defined.

The value-based view

Provides the datawith what
the customer at a price

T

Customer Vision of
vision <«— Quality =? |— the developer
Good to use Rightness

l

The using vision
An optimal set of solutions to a set of
requirements

Figure 1.5. Different views of software quality

Source: Developed by the author based on Garvin [36] (Page28)

2) User view, fitness for intended use. It perceives quality as fitness for purpose. According
to this view, while evaluating the quality of the product, one must ask the key question ,,Does the
product satisfy user needs and expectations?” In this view, a user is concerned with whether or not
a product is fit for use. Quality is not just viewed in terms of what a product can deliver, but it is
also influenced by the service provisions in the sales contract.

3) Manufacturing view. Here quality is understood as conformance to the specifications.
The quality level of a product is determined by the extent to which the product meets its
specifications. Any deviation from the stated requirements is seen as reducing the quality of the
product. The manufacturing view has its genesis in the manufacturing sectors, such as the
automobile and electronics sectors.

4) Product view, quantities of product attributes. In this case, quality is viewed as tied to
the inherent characteristics of the product (classical definition of quality). A product's internal
qualities determine its external qualities. The product view is attractive because it gives rise to an
opportunity to explore casual relationships between internal properties and external qualities of a
product. An example of the product view of software quality is that high degree of modularity,

which is an internal property, makes the software testable and maintainable.
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5) Value-based view, quality vs. price. Higher the quality — higher the cost, greater
functionality, greater care in development. Quality, in this perspective, depends on the amount the
customer is willing to pay for it. The value-based view represents a merger of two independent
concepts: excellence and worth where Quality is the measure of excellence and value is the
measure of worth. Quality is meaningless if a product does not make economic sense. The value-
based view represents a trade-off between cost and quality.

The third challenge regarding IPs quality is about various definition of software quality:

1. The totality of features and characteristics of a product or a service that bear on its ability
to satisfy the stated and implied needs (ISO 8402 - Quality management and quality assurance -
Vocabulary) [37];

2. The quality of a system/software product is the degree to which it satisfies the stated and
implied needs of its various stakeholders, and thus provides value (ISO/IEC 25023) [38];

3.Capability of a software product to satisfy stated and implied needs when used under
specified conditions (ISO/IEC 25000:2014) [39];

4. Degree to which a software product satisfies stated and implied needs when used under
specified conditions (ISO/IEC 25010:2011) [33];

5. Degree to which a software product meets established requirements source (IEEE 730-
2014) [40].

As per ISO's definition of quality to a project end product implies that:

e The client's point of view should always prevail when assessing quality;

e Quality depends on a host of features and characteristics that contribute, to various

degrees, to the client's needs and expectations;

e Quality is accrued progressively throughout the project lifecycle.

Corrective actions should be initiated as soon as significant quality deviations are detected.

Common understanding of all points of view (user view, customer satisfaction,
manufacturing view, product view, etc.) is an issue, which can be solved by development of many
documentations and bureaucratic processes.

The fourth challenge regarding the quality of IPs is a poor concept. Quality is not
distributed only in one part. When we talk about software quality, we talk about assessing entire
items which make part of the concept of quality. Quality as an objective value is dependent on sets
of software attributes and customer’s requirements, which are subjective. These attributes are
explained as different level of characteristics and subcharacteristics in quality models, but the
relation and impact of each characteristic and subcharacteristic should be distinguished. However,

between quality characteristics, no matter what perspective they are viewed or grouped, there are
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multiple relationships of interdependence, subordination, hierarchy, composition or aggregation
and the impacts of quality subcharacteristics on characteristics are not equivalent and it is hard to
determine. Models must be made more meaningful for different persons by using coefficients
(factors), which relate characteristics and subcharacteristics.

The solution can consist in a categorization of the people who deal with software at
different level by considering their need for software quality, and then to create tailored models
for each group, range of values which are acceptable for similar people and realize an original
digital support for them. Using a good methodology and pattern (such as design patterns,
standardized processes, PDCA cycle, etc.), we could increase the software quality.

PQM aims to identify the required project quality, assess and control it, and finally attain
the optimum results through specific processes and activities. In order to obtain the desired result,
a project manager must take care of the following three key concepts of quality management:

1. Customer satisfaction,

2. Prevention over inspection,

3. Continuous improvement.

These three targets can best be achieved in Agile; they help in accurately estimating
what exactly a customer wants and what he actually needs. Once we have a clear understanding of
these, we can effortlessly manage the project quality.

When we talk about IPs quality, we discover that human originality and creativity are
closely related to it. These aspects of quality are hard to measure, especially as programmers see

their work as a work of art rather than as a commercial product.

1.2. IT projects failure and success

According to CHAOS reports published by the Standish Group, we can observe some
improvement in successful managing software projects during the last decade, but it is still
remaining an important issue to be addressed when undertaking software development type
projects. As given in the Table 1.1, Figure 1.6, below according to CHAQOS reports, the failure

rate of IT projects has increased compared to the success rate of such projects [12-14], [16].
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Table 1.1
Projects resolution for years 2002 to 2015

Years 2002 | 2004 | 2006 | 2008 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | Average

Successful | 34% | 29% | 35% | 32% | 37% | 29% | 27% | 31% | 28% | 29% 31%

Challenged | 51% | 53% | 46% | 44% | 42% | 49% | 56% | 50% | 55% | 52% 50%

- 15% | 18% | 19% | 24% | 21% | 22% | 17% | 19% | 17% | 19% 19%
Source: Developed by the author based on [14](Page 3) , [16](Page 2)
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Figure 1.6. Projects resolution for years 2002 to 2015
Source: Developed by the author based on [14] (Page 3), [16] (Page 2)

The data comes from the new CHAOS data base in the fiscal years 2011-2015 with over
10000 projects. In the cells of the table above the bar there is the share by project type, and under
the bar there is the share of the resolution. The definition of "Success Story" used in the Chaos
Report 2015 [16] means that the project is timely, with a satisfactory result, and budget-oriented.
This means that the project was done within reasonable time, stayed within the budget, and
provided customer and user satisfaction, regardless of the initial requirements.

In general, the development and quality assessment processes of IPs are influenced by the
following summarized indicators:

e Scope and purpose of project;

e The type of functional tasks to be solved;

¢ Volume and complexity of developed IS;
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e The required composition and the required values of the quality characteristics of the IP
and the amount of allowable damage due to their insufficient quality;

e The degree of connection of the tasks to be solved with the real time scale or the
permissible length of waiting for the results of solving the problem;

e The predicted values of the duration of operation and the prospect of creating multiple
versions of project;

e The estimated circulation of production and use of IS;

o Degree of required documentation of project and resulting IS.

Some more important factors are succinctly described as follows.

1.2.1. Dependency on quality of project size and development methodologies

The level of effort devoted to managing IPs projects should be commensurate with the size
and scope of those projects, thus, projects are categorized so that appropriate project management
processes and procedures can be applied to the various categories.

Categorize of the size of projects allow that appropriate project management processes and
procedures can be applied to the various categories. The classification will assist the organization
in describing the important characteristics of each project, and it will allow stakeholders to
immediately associate project importance to the business, development team etc.

Detailed about IPs classification (e.g., project size, estimated total project value, degree of
project complexity) can consult in [41].

A trend from previous reports is how smaller projects have a much higher likelihood of
success than larger ones, as shown in the Table 1.2 and Figure 1.7. After analyzing the CHAQS
report 2015 according to the size of the projects, the following tendency has been noticed: the
resolution worsens with the increase of the size of the project. Near 69% of all projects in 2015
failed or were challenged (Table 1.1) and near 86-87% they were medium and large projects (Table
1.2). In the cells of the Table 1.2 the counter indicates the share of projects by types (small,
moderate, medium, large, Grand) and the denominator - the share of successful, challenged or
failed projects by types. Professionals in the field of software development are worried by this
situation. As a result of insufficient resolution, in 2000, a new approach of Agile IPs development,
the Manifesto and Principles of Agile Philosophy was approved. As it will be discussed below,
this new Agile approach is consistent with the principles of quality management, process

approach, client satisfaction, leadership commitment, staff involvement, etc.
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Table 1.2
Projects resolution by size for years 2011 to 2015

Size of project Successful Challenged Failed Total
Grand 2/6 7/51 17/43 100%
Large 6/11 17/59 24/30 100%
Medium 9/12 26/62 31/26 100%
Moderate 21/24 32/64 17/12 100%
Small 62/61 16/32 11/7 100%
Total 100% 98% 100%

Source: Developed by the author based on [16] (Page 3)
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Figure 1.7. Projects resolution by size for years 2011 to 2015
Source: Developed by the author based [16](Page 3)

Although the research methodology has caused a strong scientific criticism, due to the
impossibility to replicate the results with reliable methods, (for example, [42]) many project
managers in their experience confirm that the data is fairly accurate. The study also confirms the
modern project management paradigm that all participants must be involved in the project and that
the main negative impact is from large projects.

In the Chaos Report the classification of project by size was done with two definitions:

e Small project is defined as labor cost less than one million EUR,;

e Large project is defined as labor cost over 5 million EUR.

But the more suggestive classification projects by size, presented in Table 1.3.
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Table 1.3
A suggestive classification projects by size

Project | Duration | Organization | Nr. of Nr. of Work Management
size of the MP jobs | subprojects | connectedness methods
PMI, FMEA,
PRINCE2,
Small <lyear | Manager 10-50 | <10 Low personal
experience of
the manger...
Manager + | g chniue
Medium | 1-2 year g;(fvcil::telve 1000 10-100 Low-medium PMI, SPICE,
COBIT...
Large 3-5 Group of >1000 Some High Undefined
years managers thousands

Source: Developed by the author

Small projects, have a maximum of one year, have low values, allow part-time
employment, have modest or medium technology requirements and allow daily direct tracking.

Medium projects have terms ranging from 2 to 3 years, have average values, allow
part/full-time employment, have medium technology requirements, and tracking is done through
reports.

Large (grand) projects have long term, more than 3-5 years, high value, allow only full-
time employment, high performance technology requirements, use specific tools and programs,
tracking is done through control reports.

Large (grand) projects have three main characteristics:

(1) The first is a task change during the project. In large projects, the consequences can
be particularly difficult, and for IPs, the initial formulation of the problem changes significantly
during the course of the project. In addition, when implementing such projects, a substantial
reorganization of the customer’s activities is required, the functionality of the system being
developed must be constantly refined and adjusted, and the customer’s needs should be monitored
when its business processes change. As a rule, any uncontrollable change in the functionality of
the created IP or the project’s work significantly affects the quality of design decisions and can
generally lead to a project crash.

(2) Secondly, is the parallel management of work by different project groups, sometimes

also by organizations. For example, you can simultaneously work on the development of 1&CT
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infrastructure, software development, integration of the existing enterprise IS with the system
being developed, etc.

In combination with the forced permanent change these characteristics can cause an
avalanche-like increase in labor costs for the project. The parallelism and multiplicity of work
carried out in a large project for the development and implementation of IP greatly increase the
likelihood of risks of project failure.

Thirdly, there are very big risks for the customer and for the project executor of the large
project. Risk is the product of the magnitude of the damage (a change in the project time, labor
costs, etc.) and the probability of its occurrence. The risks of the customer are associated with the
incomplete achievement of the project objectives and the funds that are not effectively spent, and
the risks of the contractor with the possibility of a sharp excess of the actual cost of work compared
to the planned one. The reasons for the excess are just the first and second features.

Opportunities for reducing scale of the large projects and improving the likelihood of
success include, but not only:

e Breaking large projects into incremental builds;

¢ Organizing teams into self-contained squads of 7-11 people;

e Restructuring the work to avoid scale and complexity.

With the take up of Agile development methods over recent years it was possible to compare
project outcomes between Agile and traditional waterfall projects. Across all project sizes Agile

approaches resulted in more successful projects and less outright failures.

1.2.2. Quality is dependent on type and complexity of IS

Complexity is another main reason for IPs failure. All the companies/organizations use
information systems to help to perform the tasks they are specifically designed to do. The term
,Information Systems” (IS) is a common definition of a wide variety of computer hardware
communication technology and software designed to take care of information related to one or
more business processes (Figure 1.8).

Information systems are computer-based infrastructures, organizations, personnel, and
components that collect, process, store, transmit, display, disseminate, and act on information. So,
quality of Information systems is a function of Infrastructure Quality, Software quality, Data
quality, Information Quality, Process quality, Quality of organization, Quality of services. Quality
management will be successful if all quality domains are under control. Obviously, treating all of
them within a thesis is impossible, from which the thesis is based only on IPs product quality.
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Figure 1.8. IS: a connection between environment, organization, processes, I&CT

Source: Developed by the author

Information systems generally provide computer-based assistance to people engaging their
environment as illustrated in Figure 1.9, where engagements and environments are often too

complex and dynamic to be handled manually [43].
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Figure 1.8. Information System context
Source: Taken from [43] (Page 344)

The business value of Information Systems for organization is very widespread in the
literature on IT management. For more than 50 years, Information system has been controlling and
managing the functioning of any different organizational tasks, from a back office administration
support, to a company’s strategic management tool [44] (pp. 59-60). For the last twenty years,
different kinds of information systems are developed for different purposes, depending on the need
of the business. In today’s business world, there are varieties of information systems such as
transaction processing systems (TPS), or data processing System, office automation systems
(OAS), management information systems (MIS), decision support system (DSS), executive
information systems (EIS), Expert System (ES) etc.

The following diagram (Figure 1.10) illustrates the various levels of a typical IS in an

organization, each with a different level of formalization. Application can be static ground
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breaking clearly defined or vaguely defined. The more information system is less formalized and
more problematic and context-dependent structurally the information requirements are. The main
domain of IS are: TPS (Transaction Processing System), OAS (Office Automation Systems), MIS
(Management Information System), DSS/ESS (Decision/Executive Support System).

Decision Structure Information System

Decision Support
System

Unstroctored

Management
Information
System

Transaction
Processing
System

Structured Operational
Management

TPS

Figure 1.10. Domain of Information System and level of complexity

Source: Adapted by the author based on [45] (Web-page) (emphasize the types of IS)

The most popular integrated systems according to the basic function include the following
ones, but are not limited to them:

e MRP I/Il - Material Planning, Production Planning;

e CRP - Capacity Requirements Planning;

e ERP - Enterprise Resources Planning;

e CRM - Customer Relationship Management;

e CSRP - Customer Synchronized Resources Planning;

e ECM - Enterprise Content Management;

e SCM - Supply Chain Management, etc.

User requirements, the set of quality criteria, the weighting of the quality criteria for each
of these systems can be very different. For example, the reliability requirements may be totally
different for a bank transaction system and an atomic station or a space flight management

application. Although IS are programmable systems where software quality is decisive, quality
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approach only from the perspective of software quality models does not solve the problem of
quality. Different models are required for different types of IS, user contexts, etc.

Of course, the unique project products are classifiable to a certain extent, and they can
impose general requirements on the products of this classifier. For this purpose, appropriate
standards and guidance documents e.g. ISO 9000, ISO 9001, ISO 10006 ([26], [46]) have been
developed, answering questions about the mandatory requirements of a particular class of products
for the relevant conditions of use.

IS complexity is considered one of the major risk factors involved in project failure. Level
of complexity and time duration of project are positively associated to failure. One way to reduce
the level of project risk and failure is to reduce the level of complexity. Thus, it is obvious that in
order to improve IS success rate and rate of return on investment, organizations must address the
problem of complexity in IS and reduce it within limits.

In the traditional (waterfall, cascade) approach each IS project will grow in complexity
once initiated. To meet this challenge, it is necessary to apply the Agile Philosophy of iterative
and incremental development. Also, adaptation and modification of underlying organizational
processes in such a way that they become conducive for automation is an issue deeply intertwined
with project definition and has to be tackled in the very beginning. Once the processes have been
reengineered, the scope of automation project can be fully visualized by all the stakeholders. This

is the net benefit of the IS approach by Agile methods.

1.2.3. Project success and project failure critical factors

Sometime, if the long-term benefits outweigh the cost then the project is considered a
success. Sometime, business value and speed to market have been tagged as the measure of project
success while traditional triple constraints (time-cost-scope) are thought to have some flexibility.
However, when large-scale projects fail the delays in schedule and enormous cost overruns this is
considered as failure. But always the success/failure of project can and will be defined/aroused by
the beneficiary. As per PMI’s definition, a high-performing organization is a company that
completes 80% or more projects on time, on budget, and meeting original goals. In a low-
performing organization, only 60% or fewer projects hit the same marks.

Critical Success Factors of project (CSF’s) are the criteria that define success. In project
management, they are found in the project management plan and define what it means for the
project to be successful. Time, Cost and Scope are almost always part of the CSF’s, but most
projects have other success criteria as well. The success of any project is determined by the balance

between these three elements: time, budget, resources (people, technology, money) and goal
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(results) and customer/beneficiary satisfaction. At the end of the project there is a fourth factor:

customer satisfaction in terms of the quality and expectations of the participants (financiers, project

team members, project managers, stakeholders, public interest organizations, etc.).

Sometime, the project can be considered a complete success if it meets the technical

specifications, it fulfills the mission for which it was developed, and the members of the parent

organization, the client organization, the project team, as well as the end users are satisfied. This

definition does not include compliance with the time and cost criteria as elements of success,

because, once the activity has been completed, and if resulting product meets the needs of those

who have requested it, costs and deadlines are losing importance.
Scope Statement and the CSF’s derived from this should be SMART that is:

Specific. If your goal is simply “to improve” I’ve got news for you. You probably won’t.
Measurable. Many wonderful goals are not easily measurable, and their success or
failure gets drowned out by the debate.

Achievable. There’s nothing more demoralizing than being given promises that are
outside of your abilities.

Relevant. Ensuring the coffee is always hot and ready is a fantastic goal (in my office)
but not relevant. That’s an extreme example but suffice it to say that it’s easy to set
goals for secondary things. Keep them focused on the important performance metrics
[47].

Time-bound. You can do everything else right, but if finish months or years behind

schedule you just weren’t successful.

Project management critical success factors fall into the following categories:

o B~ w0 DD

6.

the organization, or changes to the corporate culture?

Time/Was the project completed within the allocated time period? (yes/no)
Cost/Did it stay within the budgeted cost? (yes/no)

Quality/Did it meet the proper performance or specification level? (yes/no)
Stakeholders/Is the result acceptable to the end user/owner? (yes/no)
Project Changes/Were the scope changes minimal and/or agreed upon?

Performing Organization/ Did it avoid unnecessary disturbance to the main work flow of

The meeting of quality standards is quite often a critical success factor for a project. In fact,

some projects have quality as their most critical element, such as space flight projects or nuclear

reactor construction projects.
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Stakeholders. It goes without saying that stakeholders need to be satisfied, but this is a
surprisingly elusive goal to achieve in practice.

Project Changes. Very few projects are completed within the original scope of the project.
Scope changes are inevitable and have the potential to destroy the entire project if not kept under
strict controls. Scope changes must be held to a minimum and those that are required must be
approved by both the project manager and the end user/owner.

Performing Organization. Also, a project should not alter the main work flow of the
organization. It is not always possible to completely separate a capital project from the owner
organization, and project managers should strive to manage within the strategy, policies,
procedures, rules, and directives of the parent organization.

Failure of a project means failing to meet one of the criteria: cost, duration,
performance/quality. Generally, the failure of a project is identified by not meeting the
performance, cost, time, and usage criteria established at the time of its planning. This is true only
if the criteria have been established in a realistic way. If a project manager sets unrealistic criteria
under pressure from his supervisor, then the project will fail, even if these criteria have been met.

Therefore, the project manager has the obligation to set credible and realistic goals.
Determining whether or not a goal is realistic is based on past experiences. In fact, the time spans
of all project activities are probabilistic rather than deterministic. The workload for the project
cannot be fully anticipated, the labor cost cannot be determined accurately, the forecasts become
more accurate as the project is nearing completion. We must accept the variability of a project's
parameters. This is inherent to any process. Over time, as the project approaches completion,
variability can be reduced but can never be eliminated. The goal of a project manager is to try to
eliminate the wide diversity of risks to which a project is subject or to minimize its effects.

A project cannot be considered successful if the deadlines, budget or customer
requirements are violated. Sometimes a project cannot be considered successful, even if it is
completed on time and within budget, but the quality of the final result does not satisfy the
customer. Sometimes, on the contrary, although deadlines and budget are violated, the customer
expresses satisfaction with the final result of the project. Moreover, the customer, key project
stakeholders and the developer can assess the quality of the project in different ways.

Some 50 years since the inception of project management, more than 50% of IT projects
still fail because they run out of time, resources, funds, etc. Detail about causes of project failure
we can see in Chaos Report ([14], [15]). Here are, for example, just a few statistics.

Companies that align their enterprise-wide PMO (project management office) to strategy

had 38% more projects meet original goals than those that did not. They also had 33% fewer
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projects deemed failures. Source: (PMI’s Pulse of the Profession Survey, 2017, [48]). According
to the same research, a majority of companies either lack the skills or fail to deploy the personnel
needed for strategy implementation.

Projects with effective communication are almost twice as likely to deliver project scope
and to meet quality standards successfully, than projects without effective communication (68%
vs. 32% and 66% vs. 33% respectively. Source: PwC 15th Annual Global CEO Survey, 2012,
[49]). Poor estimation during the planning phase continues to be the largest (32%) contributor to
IPs failures (ibid).

1.3. Project quality management and responsibilities for quality

IPs quality management is a part of general quality management. Without a QMS is
impossible to solve the quality of IPs. For efficiency — all of management system (general, security,
risk, quality etc.) must be integrated; all inputs and outputs — must be combined, database and
quality policy — must be unique.

1.3.1. Understanding the contemporary concepts of IPs quality

In order to manage quality, one must first understand its meaning. The concepts of modern
quality are codified in a single graphic image as seen in Figure 1.11. This graphic displays the
three elements of customer focus, variation, and continuous improvement, showing the
relationships and interactions among them. It also adds the essential elements of training and
leadership in the Eight Principles of QMS [50].

The graphic image of The Wheel of Quality discloses how all these elements interact.
Customer focus, variation, and continuous improvement are the central issues in contemporary
quality. Each is related to the others and shares a common boundary. Each is expressed through a
more specific aspect of project work — respectively, requirements, processes, and controls. These
aspects are not discrete, but exist as a spectrum between two extremes. Requirements may range

from general needs to explicit specifications.
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Figure 1.11. The Wheel of Quality and the Eight Principles of QMS
Source: Adapted by author based on [34] (Page 19), [50] (Page 259) (integration The
Wheel of Quality and the Eight Principles of QMS)

Processes may be viewed from those focused-on outputs or products, which interface with
the explicit specifications of requirements, to general techniques. Controls may focus on means of
production, which interface with the techniques of processes, to ends of production, which
interface with the general needs of requirements, completing the linkage of all three aspects. These
aspects are further linked by higher level considerations in the organization that bridge the aspects
two at a time. What we do bridges requirements and processes, how we do it bridges processes
and controls, and why we do it bridges controls and requirements.

As the foundation of quality, continuous training is the hub of the wheel. Without training,
project team members will be unable to employ the three elements effectively. Leadership holds
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it all together. Leadership encircles all elements, aspects, and considerations in a continuous outer
loop that binds them in a unified whole.

The main principle of project quality management is to ensure the project will meet or
exceed the stakeholder’s needs and expectations. The project team must develop a good
relationship with key stakeholders, especially the donor and the beneficiaries of the project, to
understand what quality means to them.

Quality of IPs must be viewed in an equal level with scope, schedule and budget. If a project
donor is not satisfied with the quality of how the project is delivering the outcomes, the project
team will need to adjust scope, schedule and budget to satisfy the donor’s needs and expectations.
So, to deliver the project scope on time and on budget is not enough. And to achieve stakeholder
satisfaction the project must develop a good working relationship with all stakeholders and
understand their stated or implied needs.

Quality management is an essential component of the project management along with other
processes. Growth and continuous improvement of performance of a project depends heavily on
how to ensure proper management of quality. PQM consists of processes to ensure that the project
will meet the requirements defined and planned, that quality planning processes, quality assurance
and quality control. Project quality management includes all management activities that will
ensure the quality policy, objectives, and responsibilities and fulfill them through planning and
improving quality through quality assurance and quality control.

Project quality management not only refers to time and budget, but to specification of
quality requirements. Prevention is preferred over inspection. It is better to design quality into
deliverables, rather than to find quality issues during inspection. The cost of preventing mistakes
is generally much less than the cost of correcting mistakes when they are found by inspection or
during usage.

To manage quality, we need realize three processes: Plan, Management (Assurance),
Control (Figure 1.12).

Quality Plan. In many cases, quality is concerned with meeting the wants and needs of
customers. For example Microsoft's [51] is conserved with ,,Enhancing IT Business Value” to
,,meet customer needs”. According interchanged of data between administrations IDA is based on
an experience showing that ,,the most successful relationships between suppliers and purchasers
are those which are defined precisely, clearly and completely (so that) the IDA project receives

all items specified by the contract, fo agreed standards of quality and timeliness” [52].
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Figure 1.12. Major project quality management process interrelations
Source: Taken form [22] (Page273)

However, even when regarding customer concern, a more general and generic approach is
usually applied using the 1SO stating that quality is ,,the totality of features and characteristics of
a product or service that bear on its ability to satisfy stated or implied needs”.

In short, the core meaning of quality is the fulfillment of expectations and needs, through
adherence to specified requirements. However, one should note the definition of quality
differentiate quality as a mean for assessing fulfillment of requirements from a grade, which is a
mean for comparing ,,products or services that have the same functional use but different technical
characteristics” (ISO). It should also be noted that this implies that the definition of quality
differentiates accuracy, as a concept for measuring the difference of a measured value from the
true value, from precision, which represents how the values of repeated measures are clustered
[31].

Perform Quality Assurance. Quality Assurance reefers to the process used to create the
deliverables, and can be performed by a manager, client, or even a third-party reviewer. Examples
of quality assurance include process checklists, project audits and methodology and standards
development. In our discussions up to this point, we have been talking about product quality, i.e.,
the quality of the delivered software products. Quality assurance challenges in information project
management throughout their lifecycle (from idea to implementation), require the study of
development methodologies and processes for the most suitable choice with the organization's
policy and elaborated project types. However, the ISO/IEC/IEEE-12207 [29] states that the
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purpose of the software quality assurance process ,,is to provide assurance that work products and
processes comply with pre-defined provisions and plans”. Quality Assurance deals in preparation
of the Quality Plan and formation of organization wide standards.

Perform Quality Control. The quality assurance tasks in software development are not
conducted as one-time undertakings’ rather they are conducted continuously. According to
literature, a continuous quality control cycle is best described as a feedback loop, of the type
familiar from control systems. The object under control is the software system. The output is the
quality of the software product, i.e., the degree of conformance of the software product to the
requirements. The control loop measures the degree of conformance to requirements (analytic
quality assurance). Based on the deviations (i.e., quality deficiency) corrective action is taken,
which requires communicating the desired requirements (constructive quality assurance) and the
deviations. Perform Quality Control includes also, verification if we follow the quality standards
and if we meet the quality standards. In this context, a standard means requirement, procedures,

records, documentation, etc.

1.3.2. Cost of quality and continues improvement

Cost of quality is the cost of a product that can be saved if all the performers work
flawlessly. Much misunderstanding exists about quality in spite of the various definitions in
circulation. Quality is many things to many people, but quality is also not some things that have
been assumed over time, the quality level and the cost.

PMBOK [22] describes five levels of increasingly effective quality management as
follows:

1) Usually, the most expensive approach is to let the customer find the defects. This
approach can lead to warranty issues, recalls, loss of reputation, and rework costs.

2) Detect and correct the defects before the deliverables are sent to the customer as part of
the quality control process. The control quality process has related costs, which are
mainly the appraisal costs and internal failure costs.

3) Use quality assurance to examine and correct the process itself and not just special
defects.

4) Incorporate quality into the planning and designing of the project and product.

5) Create a culture throughout the organization that is aware and committed to quality in
processes and products.

QM standards talk about continuous improvement in the quality of processes, products,

etc. But in essence, it is about balancing between the required quality level and the cost of quality.
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According to the classic Juran model as shown in Figure 1.13 an increase in expenditures on

prevention and appraisal ensures a decrease in the percentage of defects, that is, a higher quality

level.
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Figure 1.13. Cost versus quality level - classic model of Juran view
Source: Taken form [53] (Page 1359)

In contrast, an increase in the percentage of defects is accompanied by increased failure
costs. Accordingly, there is an inverse relationship between prevention and appraisal effort and
failure cost (Brown and Kane 1984) [53].The resulting total quality cost curve (Total cost of
quality) drops initially to the level of an optimal cost (the intersection points of Prevention +
appraisal effort and Failure cost), and then begins to increase as the quality level increases.

Optimal quality is to ensure the utility of the product under conditions of total cost
optimization (both to the producer and the beneficiary). Exclusive consideration of intrinsic
qualitative features, with neglect of the economic aspect, refers mostly to luxury products or those
that require a very high reliability.

Except for all products, there is an optimal quality defined by the maximum difference
between the overall economic effect resulting from the increase in the quality level and the
expenses incurred to achieve this level of quality. Or, conventional wisdom, perhaps better called
,conventional ignorance” in this case, has it that better quality costs more.

In times of cost control and cost cutting, the answer to quality improvement can be an
unwise ,,We can’t afford that”. Philip B. Crosby, another quality pioneer, addressed this in a book
entitled ,,Quality is free ” [54]. Briefly, his point of view was that quality does not cost, it pays.

When you improve the quality of a process, you reduce the defects that result from that process.
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While the new process may be more expensive — it may be less expensive, too — the resulting
reduction of defects is something that pays back over and over and over. So, if the payback is more
than the cost, as it often is, quality is essentially free.

Expensive product. This may be the greatest misunderstanding of all because of the
tendency to view quality in price of products.

An automobile with leather seats and little mechanical wipers on the headlight costs more
than one without these features. A fine ,,writing instrument” costs more than a plastic ballpoint
pen. But price does not confer quality. If the definitions of quality are reviewed, we can observe
that none of them mentions price. Quality arises from an ability to satisfy customer needs. If a
customer’s goal is to spend a lot of money, then an expensive product may be viewed as top
quality. Customers generally seek the lowest price for a product that meets their functional needs,
not the highest. Considering accuracy and maintenance, an inexpensive digital watch from a
drugstore provides better quality than a more expensive mechanical watch from a jewelry store. A
customer may want the jewelry item, but only because it serves a purpose other than timekeeping,
not because it is a better-quality watch.

Time consuming. ,,We don’t have time” is the response that condemns an organization to
poor quality. Urgency prevails and shipping dates or field requirements rule. The reality is that we
always have time; we just choose not to use it wisely. The old adage ,,There’s never enough time
to do it right, but always enough time to do it over” is not just a clever collection of words; it is
the truth. Poor quality in production leads to rework. Delivery of poor-quality products leads to
replacement, warranty charges, lost customers, and loss of reputation.

In the long run, quality saves time and much, much more [34]. Improving the process of
developing and implementing software significantly reduces the relative inconsistent cost of
quality while keeping the agreed cost at the same level.

The goal of the thesis is providing quality of information projects, considering the high-
quality requirements at low costs, in according with the specific of the software development
organizations and the specific of the user organizations.

The thesis assumption is to develop a new approach, based on a generic, extensible,
flexible and adaptable quality metamodel, which includes the best knowledges about quality
factors (quality characteristics and metrics), extracted from known basic quality models and
quality standards, and which permit realize a tailored quality models for any concrete type of
informational project.

At baseline, the research examines the software development framework Agile, the existing

software quality models and standards, including but not only: current ISO/IEC 9001:2015,
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Quality management systems, Requirements; Total Quality Management philosophy, principles;
ISO/IEC 25010:2013, Quality in use model, Quality of Product model; ISO/IEC 25012:2008,
Quality of Data model etc.

The measurement of Information quality products, Data quality and Quality in use of
information products, are based on the best practices, such Systems and software quality
requirements and evaluation (SQuaRE), which include ISO/IEC 25022:2016, Measurement of
quality in use, ISO/IEC 25023:2016; SQuaRE, Measurement of system and software product
quality and ISO/IEC 25024:2015, SQuaRE, Measurement of data quality.

The research objectives include:

o Critical analysis of the existing IPs quality assessment frameworks, models, standards
and identify the quality approach framework based on the best practices presented on
the actual international management standards, considering the specific context of the
organization and the most appropriate 1S/software development methodologies to
provide the quality of IPs.

e Developing a reliable and efficient approach that permit manage IPs quality (measure,
assess, improve) through the development life cycle taking into account internal context
of development and the modern development approach (Agile), the best practices
recommended by SQuaRE standards, CMMI and others.

» Developing a generic quality metamodel with the best knowledge about quality
factors;

» ldentifying the most important quality characteristics for some more widespread
classes of IPs, based on literature analysis, performing on-site research (survey)
to verify the relevance of the selected quality characteristics;

» Building a tailored quality models for quality assessment in according with
concrete type of system and concrete organization context;

» Developing the original software application for support of new approach, with
the extraction of some initial data directly from the Agile PMO, or from
measurement templates.

The main research problem is the different quality conception/framework by different
organizations, for different types of information projects/systems and their outputs. Existing basics
quality standards/models are too abstract and a high level of abstraction, which eliminates their
practical usage. On the other hence, the author/particular models with high degree of detail have a
narrow applicability and eliminates their widespread usage. An others problem of repeatedly

evaluating and improving of quality over the life cycle — is time and resources consuming task.
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Research problem solving.

Firstly, existing quagmire of IPs quality frameworks, standards, models, objective and
subjective quality assessment characteristics and metrics have been reviewed, have been discussed
and gathered in the generic metamodel. Thus, the first decision related as appropriate choice of the
quality assessment framework of IPs, can be easily solved.

Secondly, realized extensible, flexible and adaptable quality metamodel, which integrates
the knowledge about known quality models, quality factors, and the best practices, presented on
the actual international standards is universal, and allows the generation of particular quality
models for any type of project and any type of organization.

Obviously, the construction of particular quality models requires prior study and
understanding of the internal context of the developer and the requirements of the beneficiary.
Taking this into account and based on literature analysis, were identified the most important
quality characteristics and their weights for seven more widespread classes of IPs: ERP & CRM,
GIS & Map Library, Enterprise Portal & Knowledge Management, Business Intelligence & Big
Data, Internet Site & Web Applications, Document Management Systems, Mobile Applications.

The relevance of the selected quality characteristics for these seven tailored quality models
was confirmed by on-site research (survey of expert in these domains).

The assessment of the quality of 1S/Software depends essentially on the initial data — the
quality of the measurements. But this is a bulky routine. In order to solve this problem, in Excel
three templates of collating of the initial data were made, with the definitions of the quality
characteristics and of the calculation formulas incorporated, based on the respective quality
metrics. These three developed templates are in according with basics quality models: ISO/IEC
25010:2011 Quality in use and Quality of Product, ISO/IEC 25012:2008 Quality of Data.

A new developed approach permits continuous assessment of the quality of IPs along the
lifecycle that can be systematically measured, calculated, managed and improved. But even in the
new approach the process of repeatedly evaluating quality over the life cycle is time consuming
and requires a lot of resources. To manage quality of project along lifecycle, assess and visualize
measurement values and trends, was developed the software application IPMS (Information
Project Management System), which automate the routine work.

The new assessment approach and the realized software tool IPMS are implemented in
»WGS?”, Israel and in the study process of the Moldova State University, and could be easily
implemented in others organizations. Thus, the research provides a complete solution, which
consists of realized framework and developed software tool IPMS for repetitive quality assessment

and improvement along development lifecycle of IPs.
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Conclusions on chapter |

Two main needs arise from background analyze of IPs development in KBS:

e Provide project managers a better understanding and methodologies for assuring

information projects quality.

¢ Increasing the quality of information projects along lifecycle, focusing on information

systems and application software.

The quality of IPs as minimum includes three aspects: quality of project management
(processes), quality of resulting product (IS, software applications) and quality of information,
resulting by data processing. Quality of product is a complex and multivalent concept, it means
different things to different people, it is highly context dependent, and, as rule, it is a subjective
estimation.

The thesis assumption is to create a metamodel, which will permit realize a tailored model
for each group, or range of values which are acceptable for similar people and realize an original
digital support for them.

There are many other challenges of IPs quality providing:

o Software can’t be physically observed,

e The lack of knowledge of client needs at the start, but often this is impossible;

e The rapid rate of change on hardware, software and of client needs, which are

inevitable, generate a lot of extra work, and improvement of quality has a cost, etc.

Thus, the first decision regarding the quality of IPs is related to the appropriate choice
of methodology (approach) for 1S/software development, which determine, to a great extent, the
success of the project. The project organizations (managers) will need to understand, first of all,
the development environment with its relation to the project management and the quality processes
and tailor all of this to determine the way project quality management processes are applied for
continuous improvement a quality of deliverables. And project quality management aims to
identify the required project quality, assess and control it, and finally attain the optimum results
through specific processes and activities.

In accordance with the above facts and trends, there is a strong need to develop and/or
choose the right approach for project management and good tailored model for quality

improvement, especially for medium and large IPs/IS, as more prone to risks of project failure.
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Order saves time. (J. Goethe)
Order frees the thought. (S.P. Korolev)
Chaos always conquers order, for it is better organized. (Terry Pratchett)

Il. METHODOLOGICAL APPROACHES OF PROJECT QUALITY
MANAGEMENT

There are many approaches to Project Quality Management (PQM). Understanding and
proper selection of project and quality management methods, models, and tools is one of the key
aspects in the management and quality assurance of IPs. This chapter describes the
methodological approaches of project quality management (1) in accordance with the PMI and
ISO/IEEE standards requirements and (2) treatment PQM as a part of corporate-wide quality
management system (QMS), which is based on 1SO 9000:2015 and 1SO 10006:2017standards.
The advantages and disadvantages of each approach in treating of IPs quality are examined.

2.1. General framework of quality and important bodies in the domain

The term ,, framework” refers to models and standards that have a variety of issuing bodies,
scopes, architectures, and rating methods. These frameworks include General Total Quality
Management (TQM) philosophies such as those of Deming [55; 56], Juran [57], and Croshy [54],
many standards and quality models, some of which will be briefly examined further. In this section

we try to bring more understanding to the use of standards appropriate to the company's needs.

Don’t judge a book by its cover (proverb)

2.1.1. PQM in accordance to the ISO/IEEE standards and PMBOK from PMI

Today quality orientated process approaches and standards are maturing and gaining
acceptance in many companies. One of the best quality management solutions is to use the best
international experience, which is reflected in industry, national and international management
standards. Using standards means forces analysis of quality management activities. In the absence
of a disciplined form of management, quality can be one of those things assumed to be achieved.

It documents all aspects of the quality management system again, no assumptions or promises,
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only facts. It focuses on prevention, not inspection. But the main benefits of implementing an 1ISO
Management Standard and of ISO certification includes giving your organization credibility,
making a business more efficient, reducing costs, improving your customer satisfaction levels.
In many cases, without an ISO certification, it is impossible to participate in tenders or realize a
good potential customer. The importance of standards consists in encapsulation of best practice,
avoidance repetition of past mistakes.

The main problem with standards lies in the fact that it is difficult to relate standards of
many bodies to business needs and to justify the application of the international standards in their
operations.

PMBOK from Project Management Institute (https://www.pmi.org/), is the standard de
facto in PM. PMBOK® Guide, shortly PMBOK [22], is an acronym for ,, 4 Guide to the Project

Management Body of Knowledge”. PMBOK is the sum of project management expertise, the most

important publication of PMI in the field of PM, with chapter 8 entirely dedicated to quality
management. Since the first edition in 1996, in 2017 PMBOK has reached the 6th edition.

This PMBOK edition cover more content on Agile project management as Agile has fast
become one of the fastest growing project management methodologies these years. Agile ,,A
practical guide to using Agile” [23], is highlighted in a separate book and fully correlates with
both the 6th and 5th (already previous) version of PMBOK. These are two fundamental books for
PM, including quality management, regardless of the field and the thymus of the project. For any
field, project management is no different, differs only resulting project products.

The American National Standards Institute (ANSI, https://www.ansi.org/) is the U.S.

member of 1ISO. The American Society for Quality (ASQ, https://asq.org/), the global voice for

quality, is a member of ANSI and is responsible for QM standards. It publishes standards in the
ANSI/ISO/ASQ-Q9000 series that are the U.S. equivalent of standards published by ISO.

International Electrotechnical Commission (IEC, https://www.iec.ch/), develop

International Standards and Conformity Assessment for all electrical, electronic and related
technologies, inclusively I&CT. The IEC works with its sister international standardization
organizations, 1ISO and ITU (International Telecommunication Union), on a bilateral basis in
specific technical areas, and under the tripartite World Standards Cooperation.

European Telecommunications Standards Institute (ETSI, https://www.etsi.org/)

provides members with an open, inclusive and collaborative environment. This environment
supports the timely development, ratification and testing of globally applicable standards for

I&CT-enabled systems, applications and services.
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The ISO (International Organization for Standardization (ISO) of quality standards),
(https://www.is0.0rg), an international standard-setting body composed of representatives from

various national standards organizations, founded on 23 February 1947, promotes worldwide
proprietary, industrial and commercial standards. ISO is the world's largest developer of voluntary
international standards and facilitates world trade by providing common standards between
nations. Over twenty thousand standards have been set covering nearly everything. The
organization’s short title ,,ISO” is not a fractured only as acronym, but rather an adaptation of the
Greek word ,,isos”, which is translated into English as ,,equal”.

ISO Quality standards try to focus your organization on saying what you do and then doing
what you say, while at the same time keeping the customer in mind. For many standards exists
checklist. The purpose of the checklist is to define clearly all the policy, procedure, plan, records,
document, audits or reviews that the underlying standard calls out, either required or suggested.

The main idea of all standards is to eliminate variation within your organization, and
checklist help to achieve of this. However, the situation is compounded by the many complex
regulations and versions that make it difficult to implement them in concrete context (Fig.2.1).

The theoretical background of the thesis poses some main needs regarding regulatory
framework of the projects and quality management, quality models of software products. It is
because there are numerous quality frameworks around the world. Considering the specifics of the
fields of activity such telecommunications, transport, health and/or the specific platforms of
activities, application areas etc., it is estimated that the number of standards is several hundreds.

Here the natural question arises, which family of standards is current and is necessary to
ensure the quality management of software systems and software projects. What standard is it
worth to rely: on ISO 9004, ISO 9000-3 or ISO 9001; on the 1ISO 9126 or ISO 25000 series; on
CMM (Capability Maturity Model), CMMI (CMM Integrated), etc.?

Quality assurance challenges in information project management throughout their lifecycle
(from idea to implementation) require the study of development methodologies and processes for
the most suitable choice with the organization's policy and elaborated project types.

ISO/IEC/IEEE 12207:2017, Systems and software engineering [29] Software lifecycle
processes, help ensure the effective application of the organization’s Quality Management process
to the project, describe QM activities and tasks such Plan QM, Evaluate QM, perform corrective

and preventive action etc.
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Figure 2.1. The quagmire of SC7/1&CT quality standards

Source: Taken from [58] (Presentation, page 23)

New and revised standards for Quality include, but not only:
IEEE 730:2014 IEEE Standard for Quality Assurance Processes

ISO 10006:2017, Quality management. Guidelines for quality management in projects
ISO 14001:2015, Environmental management system, is similar to ISO 9000, both refer
to the process of production of a product, and not to the product itself.

ISO 21500:2012, Guidance on project management, PMBOK 6th Edition closely
follows this standard,;

ISO 45001:2018, ISO/IEC 25040, SQuaRE, Evaluation process, composed of five
activities. Provides a process description for evaluating quality of software product and
states the requirements for the application of this process;

ISO 90003:2018, Software engineering, Guidelines for the application of ISO
9001:2015 to computer software, to the acquisition, supply, development, operation and
maintenance of computer software and related support services, originally published as
ISO 9000-3;
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e 1SO 9001:2015, Quality Management System, Requirements.

e ISO/IEC 15504:2012 [59], also known as SPICE (Software Process Improvement and
Capability Determination), is a framework for the assessment of processes (part 5). The
methodology for creating quality metrics in this way is approved in SQuaRE;

e ISO/IEC 25022:2016, SQuaRE, Measurement of quality in use [60], includes measures
of effectiveness, efficiency and satisfaction), replacing ISO TR 9126-4;

e ISO/IEC 25023:2016, SQuaRE, Measurement of system and software product quality
[38], includes measures for usability attributes, replacing ISO/IEC TR 9126-2 and
ISO/IEC TR 9126-3;

e |ISO/IEC 25066:2016, SQuaRE, Common industry Format for Usability (CIF) [61];

e ISO/IEC 27001:2017, Information security management systems, Requirements [28];

e ISO/IEC 29110:2016, Guides for Very Small Entities (VSEs)/for Software/System
Engineering [62].

2.1.2. Crossroads of Project management and Quality management

The main principles of the Project Quality Management (PQM) described in PMBOK:2017
[22], ISO 9001:2015 [25] and I1SO 10006:2017 [26] are very close. They are based on the theory
of management, which has been developed over the past 30 years, concentrating the best practices
of QM for last three decades.

Project Quality Management [63] is the process required that ensures that the project
meets requirements and expectations of the beneficiary involved in the project consists of
identification of relevant quality levels for the project and how to meet them, planned activities
implemented quality system intended to ensure that the project will be within the parameters of
quality planning, monitoring results of project activities and assessing their quality standards,
ways to eliminate the causes which led to unsuccessful and continuous improvement.

PQM addresses both the management of the project and the product (deliverables) of the
project. PQM applies to all projects, regardless of the nature of their deliverables. Quality measures
and techniques are specific to the type of deliverables being produced by the project. Failure to
meet quality requirements in either dimension can have serious and negative consequences for any
members, executors or all of the project stakeholders. PQM includes the processes and activities
that determine quality policy, objectives & responsibilities to ensure that the project satisfies the
needs for which it is undertaken.
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The main principles of PQM in PMBOK [22], in ISO 9001:2015 [25] and in 1SO
10006:2017 [26] consist in:

e Orientation of the Company's activities to the client needs;

e Management’s responsibility to create an enabling environment for quality and

continuous improvement of the QMS;

e Project presentation as a set of planned and interrelated processes;

e Focus on the quality of products and services as a necessary condition for meeting the

objectives of the project;

e Process presentation of all activities;

e Systematic approach to project management in general.

Crossroads: Project Management Institute, PMBOK, Chapter 8, Project Quality
Management; American Society for Quality (ASQ), QBOK — Quality Body of Knowledge, section
Il C, Project Management; ISO Standard 10006:2017 for Quality in PM, Guidelines for quality
management in projects, is a subsidiary standard to ISO 9001:2015, cannot be used for
certification, but it can be used to audit a project.

PMBOK of PMI focuses the functional scope of the PQM on the standards of the 9000 and

10000 series. Figure 2.2 provides an overview of the PQM processes.

Project Quality
Management Overview
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Figure 2.2. Project quality management overview
Source: Taken from [31](Page 191)

In areas of intersection with groups of management processes it is recommended to

organize the implementation of three processes: quality management planning, quality provision
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and quality control. According to requirement of ISO standards and to the PMBOK, ,,PQM
includes the processes and activities of the performing organization that determine quality policies,
objectives, and responsibilities so that the project will satisfy the needs for which it was
undertaken” [31].

e Plan Quality: The process of identifying quality requirements and/or standards for the
project and product, and documenting how the project will demonstrate compliance.

e Perform Quality Assurance: The process of auditing the quality requirements and the
results from quality control measurements to ensure appropriate quality standards and
operational definitions are used.

e Perform Quality Control: The process of monitoring and recording results of executing
the quality activities to assess performance and recommend necessary changes.

Although the processes are presented as discrete elements with well-defined interfaces, in

practice they may overlap and interact. Over the years several methodologies for quality
management were presented among which are Total Quality Management/TQM, Six Sigma,
Failure Mode and Effect Analysiss/FMEA, design reviews, voice of the customer, Cost Of
Quality/COQ, and continuous improvement, all of which are compatible with the International
Organization for Standardization (ISO) principles regarding quality management [31]:

e Project must provide stakeholders satisfaction. This is achieved by understanding,
evaluating, defining, and managing expectations so that requirements are met.

e Prevention over inspection (Figure 2.3). The cost of preventing mistakes is generally
much less than the cost of correcting them after inspection. Hence, quality is planned,
designed, and built in-not inspected

e Continuous improvement as an implemented vision of all processes. In the case of
TQM and Six Sigma continuous quality improvement initiatives focus on project’s
management project’s product while other models, such as Organizational Project
Management Maturity Model (OPM3) or Capability Maturity Model Integrated
(CMMI) focus on process improvements.

e Management responsibility. Success of the projects is hard to achieve without
management commitment and participation.

We need to prevent failures. The cost of a single defect can be significant; the cost of

several defects can be catastrophic. Thanks to the fact that the majority of bugs are introduced
during coding, but not discovered until a later phase, it becomes important to understand the

difference it costs to fix defects at each phase of development. The early detection of defects is
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important for the successful execution of an IP. However, the detection and prevention of defects
is a significant challenge in the software industry. The reworking process costs more than the
initial process so early detection of defects during the design and requirements phase is necessary
to avoid this extra expense. A large number of defects usually occur in the initial stages of a project

and early defect detection will lower the overall cost of the project (Fig. 2.3).

STAGE

$10 \Cu-di.ng
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\Accept:mce Testing
\Mai.ntmance
8%  — 0fDefectinjection 70 X
Percentage = U4 Costto repair defect
of defects 40 X
introduced

Coding TUnit Test Functional System Release

183l 183l

Figure 2.3. Relative cost to repair a defect at different project lifecycle stages
Source: Combined design based on [64] (First Edition, page 21), [65](Web-page)

Also, the Systems Sciences Institute at IBM has reported that the cost to fix an error found
after product release was four to five times as much as one uncovered during design, and up to 100
times more than one identified in the maintenance phase [66]. According to the data gathered by
the Hewlett Packard company, the cost of correcting a bug detected at the last stage of the project
life cycle (deployment and maintenance) is 30-100 higher than the™ cost of the same bug detected
at the first stage [67].

The ISO standards clearly separate the concepts of quality and variety. The PMBOK
provides an interpretation of the concepts of accuracy and precision. In addition to the generally
accepted ISO principles of TQM, PMI also introduces elements: management responsibility of

quality and cost of quality. It is about the potential of a separate investment mode with respect to
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ensuring the required characteristics of the project product. For this purpose, a somewhat broader
interpretation is given of the application of basic tools to different process management groups.

ISO 10006:2017 addresses the concepts of both ,,quality management in projects” and
,quality management systems in projects”. In accordance with the standard, quality in project
management consists of the quality of the project processes and the quality of the products
produced.

ISO 10006:2017 vs. PMBOK (6th edition, 2017):

e Similar definitions of project,

e 1SO — customer focus, but PMBOK — stakeholder focus,

e SO — seven process groups, but PMBOK - five process groups.

ISO emphasizes alignment with strategy, Quality planning more succinct in ISO, mutual
benefit supplier relationships, emphasis on management involvement in the quality of the project
PMBOK is cumbersome for that purpose. ISO standard are complementary to other standards,
such projects IN Controlled Environments (PRINCE2 [68]), IPMA Competence Baseline (ICB3
[69]).There are similarities between the standards, but there are also differences [70].

Modern trends and good practices for PQM, as a part of 1SO standards and PMBOK,
seek to minimize variation and to deliver results that meet defined stakeholder requirements,
include, but are not limited to:

e Customer satisfaction, which requires a combination of conformance to requirements
and fitness for use. In Agile environments, stakeholder engagement with the team
ensures customer satisfaction is maintained throughout the project.

e Continual improvement, aided for plan-do-check-act (PDCA) cycle, is the basis for
quality improvement as defined by Shewhart and modified by Deming [71].

e Management responsibility, for project success requires the participation of all
members of the project team.

All of this are compatible with 1ISO 9000 and 1SO 10000 series of standard guidelines, and
proprietary approaches to quality as recommended by Deming [55], Juran [57], Crosby [54] and
nonproprietary approaches for continuous improvement such as TQM. New approaches to quality
management including the TQM movement are developed by Dr. W. Edwards Deming. Many of
the underpinnings of Agile come from lean manufacturing and TQM. In a manufacturing
environment, companies learned many years ago that running a manufacturing plant like a
sweatshop and forcing workers to work an excessive number of hours under poor conditions does

not often result in high-quality products.
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Taking a broader view, the PMBOK [22] describes three processes of quality
management: quality planning, quality assurance, and quality control. The Juran Trilogy [72],
also describes three slightly different elements: quality planning, quality control, and quality
improvement. Juran’s view includes assurance and control activities within quality control. It also
adds the essential element of quality improvement, which the PMBOK does not include as a
distinct process. A better approach is to combine between these three views to include quality
planning, quality assurance, quality control and quality improvement. This is in according with
the requirements of PMBOK, ISO 9001 and ISO 10006 standards Figure 2.4.

Figure 2.4 illustrates the combined approach model of the quality management system in
projects: Quality Planning (PLAN), Quality Assurance (DO), Quality Control (CHECK) and
Quality Improvement (ACT).

( SCOFE

Figure 2.4. Project quality management as continuous PDCA process

Source: Adapted by the author based on [63] (Chapter 3, page 43) (emphasize the
quality element in the triangle)

,, Quality in a service or product is not what you put into it. It is what the client or customer
gets out of it” — Peter Drucker. However, there lies a possibility where this statement could be
polished. It could be argued that if the customers will get a quality service or product, it is due to
the reason that quality is put into it. In order to put quality in any product, one needs to intensely
identify and analyze the requirements from various level of the product development. Product
development usually starts from the initial market study till the final product support with various
requirements. Based on these requirements, the implementation has to be made. Also, the product
has to be evaluated over different measures of quality, known as quality attributes /quality
factors/quality characteristics. There are several factors, by the help of which the quality could

be enhanced. As in general, the definition of quality for any service or a product is similar.
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However, the way of evaluating the quality for products depends on the requirement of its
customers as well as the product itself. Quality management is the process for ensuring that all
project activities necessary to design, plan and implement a project are effective and efficient with
respect to the purpose of the objective and its performance.

Project quality management is not a separate, independent process that occurs at the end
of an activity to measure the level of quality of the output. It is not purchasing the most expensive
material or services available on the market. Project quality management is a continuous process
that starts and ends with the project. It is more about preventing and avoiding than measuring and
fixing poor quality outputs. It is part of every project management processes from the moment the
project initiates to the final steps in the project closure phase.

PQM focuses on improving stakeholder’s satisfaction through continuous and incremental
improvements to processes, including removing unnecessary activities; it achieves that by the
continuous improvement of the quality of material and services provided to the beneficiaries. It is
not about finding and fixing errors after the fact, quality management is the continuous monitoring
and application of quality processes in all aspects of the project [73]. Agile development, shortly
examined in section 2.2, best meets these all the needs.

Software Quality Management (SQM), as well as PQM, includes all processes that
ensure that software products, services, and lifecycle process implementations meet organizational
software quality objectives and achieve stakeholder satisfaction. SQM defines processes, process
owners, and requirements for the processes, measurements of the processes and their outputs, and
feedback channels throughout the whole software lifecycle.

SQM also comprises four subcategories: software quality planning (SQP), software quality
assurance (SQA), software quality control (SQC), and software process improvement (SPI). SQP
includes determining which quality standards are to be used, defining specific quality goals, and
estimating the effort and schedule of software quality activities. In some cases, SQP also includes
defining the software quality processes to be used. Software quality assurance activities define and
assess the adequacy of software processes to provide evidence that establishes confidence that the
software processes are appropriate for and produce software products of suitable quality for their
intended purposes.

SQA is a process to provide confirmation based on evidence to ensure to the donor,
beneficiaries, organization management and other stakeholders that product meet needs and
expectations from International Organization for Standardization (1SO) of quality standards
and other requirements. SQA means performing auditing the quality requirements, ensuring

appropriate quality standards and operational definitions which are used. It assures the existence
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and effectiveness of processes and procedures tools, and safeguards are in place to make sure that
the expected levels of quality will be reached to produce quality outputs. Assurance is the activity
of providing evidence to create confidence among all stakeholders that the quality-related activities
are being performed effectively; and that all planned actions are being made to provide adequate
confidence that a product or service will satisfy the stated requirements for quality. SQA occurs
during the implementation phase of the project and includes the evaluation of the overall
performance of the project on a regular basis to provide confidence that the project will satisfy the
quality standards defined by the project. One of the purposes of quality management is to find
errors and defects as early in the project as possible. Therefore, a good quality management process
will end up taking more effort hours and costs up-front. The goal is to reduce the chances that
products or services will be of poor quality after the project has been completed. More succinctly
— SQA make audit quality requirements and measurement results to assure requirements are met;
use tools identified in the plan; evaluate the results.

SQC activities examine specific project artifacts (documents and executables) to determine
whether they comply with standards established for the project (including requirements,
constraints, designs, contracts, and plans). The goal of quality control is to improve the quality and
involves monitoring the project outputs to determine if they meet the quality standards or
definitions based on the project stakeholder’s expectations. Quality control also includes how the
project performs in its efforts to manage scope, budget and schedule. More succinctly, quality
control defines corrective action; take corrective action; revise project management plan. SQC
evaluates intermediate products as well as the final products. The fourth SQM category dealing
with improvement has various names within the software industry, including SPI, software quality
improvement, and software corrective and preventive action. The activities in this category seek
to improve process effectiveness, efficiency, and other characteristics with the ultimate goal of
improving software quality. Although SPI could be included in any of the first three categories, an
increasing number of organizations organize SPI into a separate category that may span across
many projects (the Software Engineering Process Knowledge Area).

Risk management can also play an important role in delivering quality software.
Incorporating disciplined risk analysis and management techniques into the software lifecycle
processes can help improve product quality (see the Software Engineering Management KA for
related material on risk management).

Quality improvement means realizing recommended changes. It’s the systematic
approach to the processes of work that looks to remove waste, loss, rework, frustration, etc., in

order to make the processes of work more effective, efficient, and appropriate. Quality
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improvement refers to the application of methods and tools to close the gap between current and
expected levels of quality by under-standing and addressing system deficiencies and strengths to
improve, or in some cases, re-design project processes. A variety of quality improvement
approaches exists, ranging from individual performance improvement to redesign of entire project
processes.

In conclusion, quality management is a continuous process that starts and ends with the
project. It is part of every project management processes from the moment the project initiates to
the final steps in the project closure phase. ISO 9001:2015 is one of the top-quality certifications
that an organization can attain. Project Quality Management is a part of this standard.

It has also changed responsibility of IPs quality. In past times, the quality department
was responsible, but no more. Quality departments have been significantly reduced and functions
have been transferred to the performing level or eliminated altogether. Nowadays, everyone is
responsible for quality. Organizational management is responsible for the quality system. Project
managers are ultimately responsible for project and product quality. Project teams are
responsible for the quality aspects of their part of the project, and individual team members are
responsible for quality in everything they do to contribute to project completion. No one has the
luxury of off-loading quality responsibility to someone else or some other function. Everyone
associated with a project is responsible in some way, with the project manager bearing the burden

or obligation of ensuring quality in everything the project does [34].

2.1.3. Quality management system according to 1SO 9001:2015

Various editions of the ISO standards include dates in the reference number. The ISO 9001
standard may be listed as 1SO 9001:2015 to indicate the 2015 edition. This fifth edition cancels
and replaces the fourth edition (ISO 9001:2008), which has been technically revised, through the
adoption of a revised clause sequence and the adaptation of the revised quality management
principles and of new concepts. Soon the 6th edition was expected.

A quality product cannot be created if the quality system is not implemented in the
enterprise (division). Very briefly — the quality system (Figure 2.5, Figure 2.6) is:

(1) A package of developed and approved regulatory and methodological documents
(instructions, methodologies, directives, etc.) for each selected technological process of designing,
manufacturing and distributing a product;

(2) Monitoring the gradual implementation of technological processes in accordance with
the approved plan.
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Achieving the desired quality is to monitor processes and methods to ensure quality. To
ensure a desired quality level, a system is required. This system is usually called the Quality
Management System (QMS), based on seven principles: customer focus; leadership; engagement
of people; process approach; continuous improvement; evidence-based decision making;
relationship management. The process approach, known as PDCA cycle, seems to be a little
bureaucratic, and in many situations it's very bureaucratic, with a lot of requirements.

The 1SO 9001:2015 approach is prevention based, an approach proven to be more effective
in the long run than identifying and fixing accepted defects as they occur. Finally, it is a framework
for quality improvement. Continual improvement, not satisfaction with the status quo, is an
essential part of the 1SO 9001 approach. But the scale of the QMS should be consistent with the

quality assurance objectives.

Continual improvement of

the quality management system

Plan SR
Customers i ==%| repoliviy Customers
(and other (and other
interested / ‘ interested
parties) v parties)

Resoicce Moasuremant ot S
=) (==
B
St Qa Checy‘ : 15
A\

Input > Preduct
realization

-le D00
o

0002
0003

O O O O
s L L) L
-

Figure 2.5. 1SO 9000 Process model and standards requirements
Source: Taken from [58] (Page 33)
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Figure 2.6. Structure of 1SO 9001:2015 in the PDCA cycle
Source: Adapted by the author based on [74] (Page 9) (emphasize in the circles numbers,
which refers to the clauses in 1ISO 9001:2015 standard)
A general model of QMS for a modern software development company, in according with

ISO 9001 standard, consisting of three parts, as is sown in Figure 2.7.
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Figure 2.7. QMS model for a modern software development company
Source: Taken from [75](Web-page)
Legend: QA = Quality Assurance, QP = Quality Plan, QC= Quality Control
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In according to 1ISO 9001, QMS must be ,,born”, ,,grow” and ,,mature” inside the company.

ISO 9001 is a brief document. It contains many prescriptive paragraphs that indicate what
an organization ,,shall” do. QMS reflects a set of activities that need to be undertaken in order for
a product to be of high quality.

In general, verification can be viewed as the assessment process using decisional
algorithms, based on specific product observations. Often, verification is confused with testing.
Testing is much more; it seems to be a craft. It is described as exploration, discovery, investigation
and learning. In opposition it should be said that almost anyone can follow a list of punctual
checks. The requirements can be analyzed, check lists can be constructed based on them, and
verification for each control can be performed. And the quality assurance of the project is not a
quality assurance control, but the management of its production process.

QMS for a software development organization covers: (a) the actual engineering activities
(analysis, design, design, coding, (b) revisions applied to each step of the project, c) testing
strategies, including automated methods and tools d) control of the software documentation and
its maintenance, (e) compatibility with standards, if these are applicable, (f) measurement and
reporting mechanisms (e.g. internal quality).QMS example: Quality management oriented to
defining and standardizing processes, procedures, templates, and more. Quality assessment in this
approach uses maturity models, such CMM [76], CMMI [77], Agile [23].

2.1.4.CMMI Methodology for PQM and software developments

Capability Maturity Model Integration (CMMI, replace the old model CMM) describes a
set of features related to the organization's ability to follow repeatable processes in conducting its
activities. It is a set of models (methodologies) for improving processes in organizations of
different sizes and activities. CMMI contains a set of recommendations in the form of practices,
the implementation of which, according to the developers of the model, allows realizing the goals
necessary for the full implementation of certain areas of activity.

The CMMI set (CMMI Institute Resource Center, https://cmmiinstitute.com) includes three
models: CMMI for Development (CMMI-DEV), CMMI for Services (CMMI-SVC) and CMMI
for Acquisition (CMMI-ACQ).

The most famous is the CMMI-Dev model, which focuses on organizations involved in the

development of software, hardware, and integrated systems. Currently, there are two versions of
the models: three separate models of version 1.3 (released in November 2010) and version 2.1

(released at the end of March 2018). ,, Capability area is a group of related practice areas that
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can provide improved performance in the skills and activities of an organization or project” [17].
Between the benefits of the new CMMI V2.0 we can mention:
e Support implementation —Collaborate with stakeholders for informed decisions,
support product integrity and deliver committed outcome
e Ensure quality — Individuals, team and organization to define and maintain superior
standard of deliverables for customer and business
At the bottom of the CMMI scale are organizations that do not carry out repeatable
processes, where the activity takes place ad hoc and chaotic. At the top of the scale are companies
that use defined and repeatable processes, collect performance indicators to support continuous
process improvement, and continually identify creative methods for doing business. Figure 2.8
shows the old CMM levels, and Figure 2.9 shows the new structure of the model and the Practice

areas for each maturity level.

Characteristics of the Maturity Modellevels

Lavsl 5 Focus on process
Optimizing improven ent

Leval 4 Processes measured
Quantmtvely Managed and controllad

Processes characterized for the
Level 3 organization and isproactive,
Defined

(Projects tailor their processss from
organization’sstandards)

Processes characterized for projects
and is often reactive.

Processesunpredictabla,
poorly controlled and reactive

Figure 2.8. Characteristics of the Maturity Model levels
Source: Taken from [78](Web-page)

Maturity levels represent a staged path for an organization’s performance and process
improvement efforts based on predefined sets of practice areas. Within each maturity level, the
predefined set of practice areas also provides a path to performance improvement. Each maturity
level builds on the previous maturity levels by adding new functionality or rigor.
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Practice Area Levell |Level2

Causal Analysisand Resolution (CAR)

Level 3 |Level 4 |Level 5

Decision Analysisand Resolution (DAR)

Risk and Opportunity Management (RSK)

Organizational Training (OT)

ProcessManagement (PCM)

Process Asset Development (PAD)
Peer Reviews (RP)

Verification and Validation (VV)
Technical Solution (TS)

Product Integration (PI)

Supplier Agreement Management (SAM)

Managing Performance & Measurement (MPM)

Process Quality Assurance (PQA)

Configuration Management (CM)

Monitor and Control (MC)

Planning (PLAN)

Estimating (EST)

Requirements Development & Management (RDM)

Governance (GOV)

Implementation Infrastructure (II)

Figure 2.9. CMMI V2.0 Practice Areas - Development View

Source: Taken from [79](Web-page)

Maturity Level 1, Initial (chaos, crises, ad hoc and unknown), unpredictable and reactive.
Work gets completed but is often delayed and over budget. The organization has a few common
processes (are specialized and non-organized), the success of projects depending exclusively on
the qualities and abilities of the people. The organization does not provide a common environment
for increasing the success of the projects. Today most organizations are at this level (they do not
have a culture of PM).

2. Maturity Level 2, Managed (Managed on the project level). Projects are planned,
performed, measured, and controlled. The trials are repeated on a regular basis. An attempt is made
to establish a reference for future improvements to be made. Most of the companies that start on
the CMMI road are trying to reach this level.

3. Maturity Level 3: Defined (Standard repeatable, descriptive processes by standards).
Proactive, rather than reactive. Organization-wide standards provide guidance across projects,
programs, and portfolios. There have been made attempts to achieve the same level of process
standardization, similar to Level 2 project management processes. Repeatable processes,

deliverables, tools, etc. are included here.
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4. Maturity Level 4: Quantitatively Managed (Manageable, measurable, controlled
reaction). There have been collected indicators for project and development management
processes. This information is structured in the form of knowledge warehouses on past projects in
order to be used in future projects. Organization is data-driven with quantitative performance
improvement objectives that are predictable and align to meet the needs of internal and external
stakeholders.

5. Maturity Level 5: Optimizing (Stable and flexible, continue optimization,
enhancement). Organization is focused on continuous improvement and is built to pivot and
respond to opportunity and change. The organization’s stability provides a platform for agility and
innovation. Characteristic of this level is the existence of closed loop execution of processes -
measurement and continuous improvement. Measurement results are used to continuously identify

creative processes for improving processes, which is a permanent concern.

2.1.5. Other alternative approaches for addressing project management quality

Today, quality is widely regarded as a necessary requirement for a company’s success and
competitiveness in the market. According to Turner [80], definitions of good quality on a project
often concern the output and how well and to what extent it: meets the specification, is fit for
purpose, meets the customer’s requirements or satisfies the customer.

The perceived quality should at least match the expectations. The stakeholders’
expectations, especially the end users ,determine whether the project is regarded as successful or
not. It is important to manage the stakeholders and make sure that they have an accurate image of
the project and what is to be delivered. Research has shown that if a project manager, the project
team and other stakeholders agree before they start how they are going to judge the project’s
success, then they maximize their chance of success. By the end of the project, what the customers
think they want, what they actually need and what you think they need should be the same thing.
With that said, Turner states [81] that the widely accepted definition of good quality is taken as
delivering project objectives that are fit for purpose, i.e. they achieve the desired result.

A more methodological approach which represents a more professional-oriented or
business-oriented approach was formulated by Tiwana and Keil [9]. They found that in many cases
the difficulty to assure quality was a result of intricacy and complexity of the project along its
progress which was often dealt with by using informal practices and intuitions (,,educated
guesses™). These were due to conventional management concept, which saw the project as an
outcome-yielding process rather than an integrated knowledge solution involving technical skills,

management experience and business understanding of customer needs. According to Tiwana and
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Keil this view sees risk and quality as inherent in the process of knowledge creation, design and
incandescent into a coherent solution. Tiwana and Keil [9]. and Tiwana and Bush [82] main
contribution is by offsetting the focus from organizational and managerial orientation for providing
quality of IS projects to a more knowledge orientated approach. Their rationale suggests that since
knowledge constitute the bulk of the added value created by information systems then knowledge
creation and knowledge management should be applied for quality and quality assurance.

In view of the dynamic characteristics of the software industry and development processes,
this approach led the way for the development of a more relaxed and flexible approaches for
project managers. For example, the [83] qualitative review show that while "conservative"
indicators for projects’ success often relate to the most limited aspects of time, budget and system
requirements, a broader perspective must be embraced, especially one that will combine and
evaluate different stakeholders' perspective regarding quality. This perspective should lead to the
development of different tools and metrics for measuring and assessing quality. For the most part,
this approach is illustrated in [10], which present a multi-dimensional relating not only to the
different stages of the project but also to different stakeholders of the project.

Perception of quality acknowledge not only the existence of risks along a project's lifecycle
but also that these risks must be prioritized differently along the project's lifecycle according to
the exposure of the project's aspects to these risks (e.g. the potential damage that quality prevails.

This can lead to a multi-processes approach as well as a multi-system approach (Figure 2.10.).
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Figure 2.10. Common conceptual framework for PM and QM
Source: Taken from [84](Page 298)
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This approach combines quality aspects associated with the project itself and the given
reality as it is reflected by management perception as well as the project's objective characteristics
such as the quality of human resources and management quality.

The Information Technology Infrastructure Library (ITIL) philosophy suggests that
IT service management should be viewed as a service providing business. This reflects both on the
mission statement of the service and on the way in which quality conforms into an interactive term
between the service provider and the customer, ensuring the customers get what they want. These
also mean that quality improvements, using the PDCA circle in an ongoing process in which
customer services quality in continuously examined. ITIL and its constituent modules were scoped
and developed within an overall framework (Figure 2.11).

ITIL gained wide popularity since its establishment in 1989 and is now considered to be
the industry standard used by many governments. Known frameworks, such as Microsoft
Operations Framework (MOF) or HP's ITSM Reference Model are based on ITIL (for instance,
[51]) along with other known and useful frameworks such as COBIT (Control Objectives for
Information and Related Technologies), CMM (Capability Maturity Model), Six Sigma and
Balanced Scorecard [85] and other international industry standards as BS15000, 1SO20000 [86]
etc.

Planning to Implement Service Management
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Figure 2.11. The ITIL Framework

Source: Taken from [87](Cover page, page 10)
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Cob IT (Control objectives for Information and related Technology, Figure 2.12, one of
the most known frameworks was created by the ISACA as a management tool for bridging the gap

between control requirements, technical issues and business risks.)

Define goals.
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Figure 2.12. COBIT processes, goals and metrics
Source: Taken from [90] (Presentation, page 12)

COBIT offers a set of tools, which is based on standards such as ITIL, ISO 27001, 1SO
27002, and PMBOK, is often used at the highest level of IT governance improving these standards
alignment with business needs with relation to IT-related activities [88], [4]. It provides better
governance using a continuous improvement process which combine defining business goals,
measure achievement, indicate metrics and improve and realign. One of COBIT's key elements is
decomposition of the processes into activities and which are monitored by different functions in
the organization. This is usually achieved by using a RACI chart, identifying is Responsible,
Accountable, Consulted and/or Informed with regard to each activity.

Other standards and templates. Many of the standards reviewed above evolved within
the other frameworks. These can be categorized into three main categories:

e Institutional standards — these standards can be viewed as an evolution or an

2”1

adjustment of the ,,common™" standards so that projects' quality assurance demands

will be accommodated within a specific business or operational framework. Among
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these standards are US OCIO policy no.132 (Providing Quality Assurance for
Information Technology Projects), the CDC project quality management plan template,
IDA PMQP (Project Management and Quality Plan Checklist), OWASP (Open Web
Application Security Project) and many others.

e Private templates — these templates are internal frameworks for planning and managing
quality of an IS PM. These templates often rely on public standards, often simplifying
them and adjusting them for specific uses or fields of expertise [89].

e Private tools: independent private initiatives developments of PMO software that
incorporate industry standards in a framework aimed at providing specific end-users
with IS PM quality assurance tools. Among these tools are MS Project, ,,Super Project”
(a private initiative of Semantics for utilizing PM both within and between enterprises),

Redmine - an open source flexible tool (web application), Jira Software etc.

I'll Know It When I See It (IKIWISY)
Uncertainty is inherent an inevitable in software
development processes and products.

Hadar Ziv (University of California)

2.2. From Quality Assurance to Agile Quality

The technological boom in the early 1990s has led to many new approaches to managing
software development projects. In addition to the traditional ,,Waterfall/Cascade” step-by-step
development method, new methods have emerged, such as Prince 2, RAD, V-Model, etc. But these
have not responded to the ever-increasing need for quality software assurance and the rapid pace
of technological advances, many projects being abandoned, canceled or terminated with failure
because the software that was developed was often outdated. One of the most possible solutions
for project success today is considered Agile. This is because Agile development gives a
possibility to see and know growing product iteratively, incrementally and evolutionary, in short
sprints, according IKIWISY.

Agile is a pretty hot topic, and most developers get pretty excited about giving it a try.
Agile holds the promise of creating teams of empowered individuals; teams full of people working
on the highest priorities of the business with a shared sense of purpose. When Agile is done well,
it creates really fun places to work, there is nothing quite like being part of a team of people

working hard toward shared goals. Today there are numerous publications, surveys, statistics that
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eloguently demonstrate the growing and overwhelming application of Agile: 20 Surprising Project
Management Statistics (2016, [91]), then 15 Incredible Agile Project Management Statistics for
2018, both published by Rachel Burger in Project Management (2017, [92]), How Agile are
companies in Luxembourg (2017 [93]), etc.

Thousands of professionals share experience with Agile in the largest, longest-running
Agile survey and reasons for adopting Agile, annual executed by Version One

(https://www.collab.net/). The 13th annual report features new themes, shifts in priority and

expanded areas of focus12 key reasons companies are adopting Agile [94].

The 13th annual report Version One, among many reasons for adopting Agile, the reasons
stated for adopting Agile were less about increasing productivity (51% compared to 55% last
year), and more about improving team morale (34% compared to 28% last year) and less about
reducing project risk (28% compared to 37% last year), and more about reducing project costs
(41% compared to 24% last year).But the trend of miraculous growth is kept constant.

A recent study by Agile Journal (https://Agile-journal.com) shows that over 88% of

evaluated software companies (many with over 10, 000 employees) already use or plan to use

Agile methods and practices for projects on which implements them.

2.2.1.The reasons for adopting Agile philosophy

According to many sources and surveys, Agile projects as a whole are 28% more successful
than traditional projects (Table 2.1, Figure 2.13). For example, this fact is confirmed by State of
Agile Report (Survey 2019) [94], Chaos report and other statistics [16].

Table 2.1
Agile versus Waterfall resolution projects
Size Method and Size Successful Challenged Failed
Small Size Waterfall small size 44% 45% 11%
Projects Agile small size 58% 38% 4%
Medium Size Waterfall medium size 7% 68% 25%
Projects Agile medium size 27% 62% 11%
Large Size Waterfall large size 3% 55% 42%
Projects Agile large size 18% 59% 23%
All Size Waterfall all size 11% 60% 29%
projects Agile all size 39% 52% 9%

Source: Adapted by author based on [16] (Page 7) (the selected data sort order)
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Figure 2.13. Agile versus Waterfall resolution projects
Source: Developed by author based on [16] (Page 7)

The average share of successful projects in Agile is more than 3.5 times higher than in
Cascade/Waterfall (39% vs. 11%), large projects — 6 times (18% vs. 3%), medium-sized projects
3.9 times, small projects — 1.3 times. And the share of abandoned projects is lower for all project
categories: in the medium — 3.9 times; large — 1.3 times; average — 2.3 times; small — 3.8 times.
So, figures denote a superior net efficiency of Agile vs. traditional methodologies for IPs
development.

Cost reduction has gained importance. Last year (2018) saw a 71% increase in those
selecting “Reduce Project Cost” as a reason for adopting Agile. There was also a 27% increase in
“Project Cost Reduction” as a reported benefit of implementing Agile.

Benefits of Adopting Agile. World continue to see many benefits realized by companies
adopting Agile, some of the ones shown below.

Faster time to market. Lots of folks that decide to go Agile are pretty fed up with 18-
month delivery cycles that quite often deliver the wrong products to market. One’s that our
customers just aren’t interested in buying. The idea of two-week delivery cycles and quarterly
release cadences is pretty appealing.

Better quality. Developers are generally tired of building crap and our customers are
universally tired of getting crap. When businesses fix time, cost, and scope — the only thing
developers have left to manage is quality. Agile fixes time, cost, quality and gives us the tools to
vary the business and technical scope of the solution. You might not get everything you hoped for,

but you can trust what was delivered.
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Early ROI. Even though you may have thought it was less efficient to splitting stories, it
makes a real difference to the business. We can show the output of this sprint to an external
customer and sell business based on this.

Efficiency, or ,,reducing waste”, Agile holds the promise of helping us eliminate the stuff
we don’t need and get down to the business of building working software.

Customer satisfaction. Building products our customers can use makes them happy.
Being able to frequent add new features based on their feedback makes them happy too. Agile
helps us build of partnership with our customers, one where we are working together to grow
customer satisfaction.

Emergent outcomes. Some folks don’t know what they want to build or how to build it.
Some people are building products for markets that don’t exist yet using technologies that are
brand new and cutting edge. Agile is a great way of building software when you have to explicitly
account for the fact that you’ll have to learn as you go. Build a little product, learn something from
your customer, adapt your vision, build a little more software, and ultimately create something that
is better than you could have ever planned in a vacuum.

Systematic feedback from real customers allows early risk reduction. By delivering
early and getting feedback, we reduce the risk of building the wrong product. By focusing on
architectural risk in the early sprints, we reduce the risk that we won’t have a solution that can be

built in time etc. (For more details see referred surveys).

2.2.2.Quality management in Agile vs traditional methods

Three styles of Agile is Iterative, Incremental, and Evolutionary allow to providing
quality of developed product. Because the quality of software products can be improved through
preventative processes or an iterative process of continual improvement, which requires
management control, coordination, and feedback from many concurrent processes:

(1) The software lifecycle processes,

(2) The process of fault/defect detection, removal, and prevention, and

(3) The quality improvement process.

Building the quality through the prevention and early detection of defects, continual
improvement, and stakeholder focus are the main tasks for Agile. These concepts are based on the
work of experts in quality who have stated that the quality of a product is directly linked to the

quality of the process used to create it.
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Approaches such as the Deming improvement cycle PDCA, evolutionary delivery, quality
function deployment (QFD) and others offer techniques to specify quality objectives and
determine whether they are met are characteristics of Agile development.

Agile is a collection of 4 values, 12 principles and some frameworks (methods and
practices) that can be applied on an software development projects [95]. The 4 values of Agile

1. Individuals and interactions - OVER processes and tools

2. Working software - OVER comprehensive documentation

3. Customer collaboration - OVER contract negotiation

4. Responding to change - OVER following a plan

The Agile model is more flexible than traditional methods, making it a better fit in a fast-

changing environment (Table 2.2, Figure 2.14).

Table 2.2
Waterfall vs Agile: inversed triple constraint
Waterfall Agile
Fixed scope Fixed time and costs (resources)
Provide the quality upon delivery In time quality is increasing
The time and costs are increasing The variable is the Scope (in short time)

Source: Developed by author

Fixed Cost Fixed Time

Waterfall Agile

Figure 2.14. Waterfall vs Agile: inversed triple constraint
Source: Adapted by the author based on [96] (Web-page) (emphasize the quality element
in the triangle)

As Figure 2.15 suggests, the efficiency of traditional development (ca. 30/70) is inverse to

efficiency in Agile (ca. 70/30), and is close to Pareto's magic numbers (formula 80/20). And
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confirm that ,, for a new software system, the requirements will not be completely known until after

the users have used it” (Watts Humphreys, IBM).

° .. °
ineffective effective
1. Informal 1. Informal
PRt
2. Value Creation 2. Value Creation . ,_';
evaT
3. Formal 3. Formal

Figure 2.15. Inversed Value creation Waterfall vs Agile

Source: Taken from [97](Presentation page 19)

Development Agile cycle is fully in line (in according) with management standards, TQM

and allows for continuous improvement of product (Figure 2.16).

Quality measurements

Incorporate Feedback . unctional
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Figure 2.16. PDCA and Quality cycle in Agile (SCRUM)
Source: Adapted by the author based on [98](Page 5)(emphasize quality measurements)
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Being Agile itis about the people and teams, about customer and delivering software, about
continuous improvement, and constantly applies PDCA cycle:

e By the process (Retrospective analysis, Scrum, Kanban etc.);

e By the user feedback (Sprint review, demo Scrum);

e By the team itself (peer review, pair programming etc.).

Measurement is a key to process improvement. The needs for improvements can be
investigated after performing measurements. In many cases this is impossible until the final
delivery of the product. In Agile software processes development, it is possible along life cycle.

Agile fits perfectly with the requirements of quality management standards — continuous
improvement and focus to customer: ,, Our highest priority is to satisfy the customer through early
and continuous delivery of valuable software” [95].

Joseph W. Yoder and all in [98] describes twenty-four patlets organized into four
categories: (1) Knowing where quality concerns fit into your process, (2) ldentifying system
qualities, (3) Making quality visible, and (4) Being Agile at quality assurance. A patlet is a brief
description of a pattern, usually one or two sentences. Additionally, this paper describes six of
these patlets, written as patterns: Integrate Quality, Agile Quality Scenarios, Quality Stories,
Fold-Out Qualities, Whole Team and Quality Focused Sprint. For details see cited source.

Many of the Agile principles related to quality have their roots in the philosophy of total
quality management (Figure 2.17)

Total Quality Lean Manufacturing
Management (TQM) Principles (L:ean) Principles

* CeaseDependence on Inspection and Build
Quality into the Product

* Emphasis on the Human Aspect of Quality

» Need for Cross-functional Collaboration
and Transformation

* Focus on Customer Value
* Map the Value Stream

* “Pull” versus “Push™

* Importance of Flow

* Importance of Leadership ) Respectl el np.le
. X = Perfection (Continuous Improvement)
* Ongoing Continuous Improvement

H Agile Development H
Principles

Figure 2.17. The roots of Agile practices regarding quality
Source: Taken form [24](Page 168)

2.2.3. Scaled Agile Framework for medium and large projects

In the previous chapters we mentioned that the main negative failure impact is from

medium and large projects: near 87% of large and medium project in 2011-2015 failed or were
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challenged (Table 1.2). We also stressed/emphasized the need to develop and/or choose the right
approach for project management and quality improvement, especially for medium and large IPs,
as more prone to risks of project failure.

Agile Methodology also faces these challenges, providing new methods such as Scrum of
Scums and/or SAFe (Figure 2.18): Scaled Agile Framework (SAFe®), (https://www.scaled
Agile.com) for Lean Enterprises, as a knowledge base of proven, integrated principles, practices,

and competencies for Lean, Agile, and DevOps, Large Scale Scrum (LeSS,

https://less.works/less/framework/index.html), DAD, https://disciplinedagileconsortium.org/
Disciplined-Aqgile-DAD).

10 — 50% happiermore
motivated employees

30— 73% faster
time-to-market

BUSINESS
RESULTS

20— 50% increase 25— 75%
in productivity defect reduction

Figure 2.18. Business results delivered from SAFe
Source: Taken form [99](Web-page)

The practices of SAFe are freely available of the framework website (https://www.scaled

Agileframework.com/). These have been proven to work in an integrated fashion in many

organizations. SAFe transformation requires developing new ,, enterprise competencies” that
enable a new style of leadership, new ways of thinking and working, and a culture focused on
value delivery and continuous improvement.

SAFe, as well as other Agile methods, such LeSS, DAD etc., offer Built-in Quality:

e Ensures that every increment of the solution reflects quality standards;

¢ Enables high velocity and a sustainable development pace;

e Software practices include continuous integration, test-first, refactoring, pair-work,

collective ownership, and more;
e Hardware practices include exploratory iterations, frequent system integration, design

verification, model-based systems engineering, and set-based design.
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SAFe permit fast feature delivery with architectural runway, relentlessly improve without
inspect, without the system demo etc.

The latest version, SAFe 4.6, 2018 introduces the Five Core Competencies of the Lean
Enterprise that are critical to achieving and sustaining a competitive advantage in an increasingly

digital age, for details see https://www.scaledAgileframework.com/about/, https://europe2018.

safesummit.com/presentations/, https://www.scaledAgileframework.com/ advanced-topics/ etc.

The Framework is supported by the SAFe Community Platform, Customer Success Team,
and an extensive network of 250+ Scaled Agile Partners providing platform, training, consulting,
and implementation services in almost every region of the world. And while every business
situation is unique, we have found that the SAFe Implementation Roadmap always delivers results.

These are some pretty impressive results and may sound like something that’s tough to
believe or marketing hyperbole. But the results of Agile implementation really are amazing,

especially in quality assurance.

Conclusions on chapter Il

The whole ideology of the PQM is built around the recommendations of PMI, TQM and
ISO standards. The project-specific methodology is fully replicated in the main international
standards for project and quality management. The main concepts of project quality in PMBOK
and in the 1ISO mentioned standards are similar. PMBOK Guide 6th edition in quality management
issues has incorporated the best and most advanced of ISO standards. Also, we can consider the
quality management of the project as part of a corporate-wide QMS, which, in turn, is based on
the standards of 1SO 9000:2015 and 1SO 10006:2017.

Lifecycle models such as the Waterfall, Agile, etc. prescribe a detailed process for developing
software. Process maturity models such as CMMI and SPICE provide approaches for assessing and
improving the processes of organizations.

Building a QMS in accordance with the 1SO 9001 is an issue, which can be solved by
development of many documentations and bureaucratic processes. But customers don’t want better
project management. Customers want better product delivery. All the Agile tools and techniques
exist solely to that end. Obviously, each project is best suited to a methodology that takes into account
the level of maturity of the organization, quality policy, types of projects, requirements, criteria,
metrics and quality procedures. This means that Quality Management Systems are not the same, even
for enterprises of the same type, and each QMS ,,grows” into an organization, and it can be

,raised” only by the employees themselves, possibly with third-party support.
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Lot of effort is invested in the process quality improvement. When a project is undertaken,
the aim is to deliver the right product at the right time with the right functionalities. It is a common
scenario that the one at the receiving end always desires/expects the best to be delivered to them. The
developers and testers must to ensure that they are able to meet the expectations of their clients.

The other major topics for improvement of IPs quality are the comprehensive
definition/establishing baselines for quality, using a right development methodology, involving
personal etc. Today one of the most recommended, globally recognized and aggressively
implemented in various fields is Agile philosophy, which treats software quality in a more efficient
and effective way. Different views of Software quality, Quality factors, Quality criteria, Quality
models, measurement of user’s view and of manufacturing view etc. are examined in 1SO 25010,
25012, 5022, 1SO 25023 etc.

Project management standards have greatly evolved during the past 10 years. These standards
provide project managers as well as other executives with better tools for managing projects and
achieving business objectives, as well as better understanding of business processes, while
improving quality through Quality assurance methodologies.

This suggests that either that PM and QA methodologies are limited with regard to IS PM
or that information projects' practices are handled improperly, both resulting in PM inability to
handle projects' risks that lead to high failure rates. As stated above, this pose a major concern for
investors, organizations and practitioners which face high risks and unnecessary costs during IS
projects and to minimize the project risks through Quality Assurance. Some of these issues have

been addressed in this section; others are addressed in the following sections.
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Give me a point of support and I'll move the Earth out of the way!

Archimedes

I11. SOFTWARE QUALITY MODELS AND TOOLS

In chapter Il was examined processes and resource-oriented project quality models (e.g.
ISO 10006, ISO 9001, TQM, CMMI). These standards and recommendations specify requirements,
say what do you need to do, but they do not say how to do it. In literature a large number of
software quality models have been proposed for this purpose. In chapter Ill we focus on
product/software quality models, not on the processes that lead to its construction, even though
they are closely related. Also, there will be examined the issues of models, assumptions and

possible solutions, including one of the most current software quality models — I1SO 25010:2011.

3.1. Overview of system/software quality models

One of the main aspects of the software is the quality. To predict and to develop software
with a high-level quality at lower cost it is necessary to use a quality model. The evolution of the
software quality models starting with the massive development of software systems. There are
various models known in the literature, to provide software quality. Figure 3.1 shows the general
evolution of quality models from the McCall model in 1977 until 2013, some of which are listed
in Table 3.1 show the most famous quality models.

The first McCall model appeared in 1977. The complexity of the development and
maintenance of certain types of software with special requirements for their quality justifies the
importance of developing other models that use other characteristics, such Boehm, FURPS,
FURPS+, Dromey. Since 2000 the construction of software started to depend on generated or
manufactured components and gave rise to new challenges for assessing quality. These
components introduce new concepts such as configurability, reusability, availability, better quality
and lower cost. Consequently, the models are classified in basic models, and those based on
components called tailored or private or authors quality models [100] (pp. 126-130), enriched
with other characteristics, specific to certain areas, e.g. onboard software, navigation systems.
Simultaneously with the development of the Internet and Web as open systems, in 2003 a new
subclass of tailored models - open source quality models started, e.g. Cap Gemini, Open BPR

etc.
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The most famous quality models

Table 3.1

Ne | Model and source Year of Number of Number of Authorship
publication | model levels | subcharacteristics
1 | McCall [101] 1977 2 11/35 McCall J. A.
2 | Boehm [102] 1978 3 3/8/18 zoaelrlm B. W.
3 | Ghezzi [103] 1991 1 8 Carlo Ghezzi
4 | FURPS [104] 1992 2 5/25 Grady R. B.
5 | IEEE [105] 1993 2 6/19 IEEE
6 | Dromey [106] 1995 2 4/13 Dromey, G. R
7 | SATC [107] 1996 2 4/13 NASA, SATC
8 | ISO 9126 (1-4) [108] | 2001-2003 3 6/19 ISO
9 | QMOOD [109] 2002 2 6/19 Bansiya, J.
10 | ISO 25010 [33] 2011 2 8/31 ISO
Source: Developed by the author in based on literature analysis
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Figure 3.1. Evolution of quality models from the McCall until 2013
Source: Taken from [110](Page32)

The models to evaluate the quality of software have been constructed defining the

fundamental factors (also called characteristics), and within each of them the subfactors (or

subcharacteristics). Metrics are assigned to each subfactor for the real evaluation. So, quality

model is a set of selected quality characteristics with the assigned measures and the relationships

between them relevant to a context that provide the basis for specifying quality requirements and
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evaluating quality of an entity. The software quality models are designed to allow developers a
clearer understanding of the relationships between internal and external quality, ways to reduce
the number of defects in software development, increase efficiency, etc.

A quality model specifies which properties are important for a product (e.g. usability,
traceability, etc.) and how these properties are to be determined. For each attribute, one or more
quantitative or qualitative metrics can be defined in order to assess its value.

In addition, the quality model describes additional functional properties, such as ,, how the
software was created” and ,, how it works”. The quality required for a software product must be
defined in the software requirements definition document. Also, the definitions of quality
attributes, measurement methods, and attribute acceptance criteria must be specified.

The detailed examination of these models is not the subject of this section, since they have
been continuously refined, improved and incorporated, partially or totally, in the new models. For
this reason, just to exemplify we will give brief explanations some basic models, which are used

for global assessments of a software product.

3.1.1. McCall and Boehm quality models

At the end of the 1970’s, the first hierarchical quality models were published by McCall [101]
and Boehm et al. [102]. The basic models are used for global evaluations of software products.
The basic models are hierarchical; they can be adjusted to any type of software product and are
oriented to the evaluation and improvement. The most important hierarchical models are: McCall,
Boehm, FURPS, FURPS+, Dromey, family ISO 9126 (internal quality, external quality and quality
in use) and ISO 25010.

The main problem is that these models are too abstract and too general for specific areas,
such as particular domain of application or Component-Based Systems Design or concrete type of
IS [100] (p. 128). In this sense, some authors have started to propose particular, tailored models
and metrics for software components [111]. The different models use different quality
characteristics and the main problem is that these models are too general for specific project type,
so the main challenge is to find the required quality characteristics for each one of the information
project types [112] (pp.11-12) .

Tailored quality models began to appear since 2001. The main characteristic is that they
are specific to a particular domain of application and the importance of characteristic may be
variable in relation to a general model. These models are built from the basic models, especially
the 1ISO 9126, and lately on ISO 25010, with the adding or modification of subfactors and the goal

to meet needs of specific domains or specialized applications. Identifying and quantifying the
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quality of software products is a first task in determining the quality of applications and ensuring
the desired quality level [100] (pp.120, 126). Based on them, the quality model is being built —an
operational system of features designed for quality control and management in accordance with
established objectives.

Estimation of IS quality will be correct if it is based on the ,, lifecycle - criterion quality -
metric of quality” relationship. Due to this approach, it is appropriate to judge not only the quality
criteria nomenclature, but also the dominant role and the content of each criterion in relation to the
development stage of the IS. The suitable quality characteristics and their importance for these
types of IS was selected based on the comprehensive literature review and normalized as result of
highest frequency score, obtained from survey of professionals. Established value of corresponding
weights of these quality factors allows a more accurate quality assessment for these type of IS.

The Mc Call model established product quality through several factors at the top level of the
hierarchy, which are refined to criteria. These were grouped into three perspectives: Product
Operation (correct, reliable, efficient, integrity and usability), Product Review (maintenance,
flexibility, and testing), and Product Transition (portability, reusability and interoperability). The
criteria are then quantified by metrics (at the 3 level, on the right).

The major contribution of the McCall model was to considerer relationships between
quality characteristics and metrics (Table 3.2). This model was used as base for the creation of others
quality models. The main drawback of the Call Mac model is the accuracy in the measurement of
quality, as it is based on responses of Yes or No.

Boehm model which is similar to McCall model, establishes large-scale characteristics that
constitute an improvement over the McCall model, because it adds factors at different levels and
shows the decomposition provided by Boehm model.

The general utility of a software product is decomposed to portability, as-is utility, and
maintainability. These quality characteristics are further decomposed to low-level quality
characteristics, such as consistency, structuredness, and conciseness. Boehm highlights the
importance of measuring the low-level characteristics. He introduces several measures to this end,
which are conductible through expert judgments.

Boehm and McCall models use a several primitive features that determine more high-level
features [100] (p.129). The decomposition of the higher-level features into primitive
characteristics determines the displacement of interdependencies and redundancies between the
characteristics of the high-level structure to the lower level structure. The McCall model explains

the relationships between the 11 main considered characteristics.

89



Table 3.2

The relationship characteristics-subcharacteristics of the McCall model

Characteristics > >

= S| 2| £ = | =

Subcharacteristics % § E g’ ?ﬂ, % % % § % ;23
Ol |l w|E[D|=2[F | |a|lax| =

Traceability + + + 4+ +

Completeness + o+ +

Consistency + o+ + + 4+ +

Accuracy + X +

Error tolerance + + X +

Simplicity + + + + + + + +

Modularity X + o+ o+ o+ o+ o+

Generality X X X + + o+

Expandability X + +

Instrumentation X + + 4+

Self-descriptiveness X + o+ o+ o+ 4+

Execution efficiency + X

Storage efficiency + X X

Access audit X +

Access control X + + X X

Communicativeness X + +

Operability + +

Training X + + o+ 4+ +

SO independence X + o+ o+ o+

Machine independence X + + + o+

Communications communality X +

Data communality X + 4+

Conciseness + + + 4+

+ = complementary relationships; X = conflicting relationships
Source: Adapted by the author based on [101](Page 38)
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3.1.2. 1SO 9126 and ISO/IEC 25010:2011 quality models

ISO/IEC 9126 is the international standard for software quality that has been agreed upon
by a majority of the international community and upon which some countries, such as Japan, have
decided to standardize. It defines a common language relating to software product quality and is
widely recognized as such, at least in Europe, where a survey indicates that it is known by at least
70 percent of the IT community [113;114]. The fundamental objective of the ISO/IEC 9126
standard is to address some of the well-known human biases that can adversely affect the delivery
and perception of a software development project. These biases include changing priorities after
the start of a project or not having any clear definitions of ,,success”.

The ISO/IEC 9126 standard [108] is divided into four parts: Quality model; External
metrics; Internal metrics; Quality in use metrics. ISO/IEC 9126 tries to develop a common
understanding of the project's objectives and goals. The 1SO 9126 Quality Model [108] is a
hierarchical model similar to the McCall model, identifying six key features in delivering software
quality: functionality, reliability, usability, efficiency, maintainability and portability. The quality
in use aspects are referred to the effectiveness of the product, productivity, security offered to the
applications and satisfaction of users. Figure 3.2 shows a view of the relationship between

internal, external and quality in use attributes.

|50 9126-2:
. External Metrics
Quality Subcharacteristics ’7
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Suitability ——— | Internal Metrics
#Accuracy—

Interoperahility
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Reliability [ Faulttolerance

:_:__——____Recn\rerahiliw

Reliahility Compliance
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Usabilit -~ ——— Learmability ————

sability —— Operability ————
Eimemff ancif. "] “-»—,_‘_—_—_——___‘__Attractivenessi
xternal Quality Usahility Compliance

Metrics

1 ———Time hehavior
—————————Raesource Utilization

[ —————FEfficiency Compliance

Efficiency

Analyzahility
——— ﬂChangeabiliw
Maintainahility Stability

" Testabilty

Maintainability Compliance —

Eﬂ________—rﬂdaptabiliw
— I ——— Installability
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Figure 3.2. ISO 9126 External and Internal quality model
Source: Taken from [115](page 10)
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The 1SO 9126/1 model [108] and ISO 25010 model are more coherent in this content,
because although there are interdependencies between features, they are not integrated into the
model. In fact, for model ISO/IEC 9126, the lower-level structure of the model is not part of the
standard, being only a proposal from ISO and the International Electro technical Commission.

After the publication of the ISO 9126, various adaptations and amendments have been
proposed to it [100] (p.130). Some authors adapt the quality attributes of ISO 9126 and add
measures for quantifying them.

The ISO/IEC 25010:2011 model. This standard emerged in 2007 updating the ISO 9126
model, in 2011 has a second edition. Similar to ISO 9126 it distinguishes the model of quality in use
(5 characteristics and 11 subcharacteristics) and the product quality model (8 characteristics and

31 subcharacteristics). Table 3.3 illustrates the components of ISO 25010 models.

Table 3.3
ISO/IEC 25010: 2011: Quality Models, characteristics and sub-characteristics
Quality in use Product quality
1. Effectiveness 1. Functional suitability 5.Reliability
2. Efficiency e Functional completeness e Maturity
3. Satisfaction e Functional correctness ¢ Availability
e Usefulness e Functional appropriateness | e Fault tolerance
e Trust 2. Performance efficiency e Recoverability
e Pleasure e Time behavior 6. Security
e Comfort e Resource utilization ¢ Confidentiality
4. Freedom from risk e Capacity e Integrity
e Economic risk 3. Compatibility e Non-repudiation
mitigation o Co-existence e Accountability
e Health and safety risk e Interoperability e Authenticity
mitigation _ 4.Usability 7. Maintainability
* E?;g;?g?]ental risk o Appropriatger)ess y Modula_r.lty
recognizability * Reusability
5. Context coverage o Learnability e Analyzability
e Context completeness | o Operability * Modifiability
e Flexibility e User error protection e Testability
e User interface aesthetics 8. Portability
e Accessibility e Adaptability
¢ Installability
¢ Replaceability
5 characteristics and 8 characteristics and
11 31 subcharacteristics
subcharacteristics

Source: Developed by the author based on ISO 25010 [33](Pages 3-4)
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The ISO/IEC 25010:2011 model presents the quality of use covering the external
characteristics and Product Quality Model. This model considers as new characteristics the security
and compatibility that groups some of the former characteristics of portability and those that were not
logically part of the transfer from one environment to another. It uses the term transferability as an
extension of portability.

The first edition of this standard emerged in 2007 updating the 1SO 9126 model. It is
subdivided into 8 sub key features and characteristics. Constitute a set of standards based on ISO 9126
and one of its main objectives is to guide in the development of software products with the
specification and evaluation of quality requirements. This model considers as new characteristics the
security and compatibility that groups some of the former characteristics of portability and those that
were not logically part of the transfer from one environment to another. It uses the term transferability
as an extension of portability.

The quality models in this international standard can be used in conjunction with ISO/IEC
12207 and ISO/IEC15288, particularly the processes associated with requirements definition,
verification and validation with a specific focus on the specification and evaluation of quality
requirements. ISO/IEC 25030 describes how the quality models can be used for software quality
requirements, and ISO/IEC 25040 describes how the quality models can be used for the software
quality evaluation process. This international standard can also be used in conjunction with ISO/IEC
15504, which is concerned with software process assessment.

The software quality models are used in following four steps.

The first step corresponds to the definition of the characteristics (indicators) of software
quality, each of which reflects a user's individual point of view on quality. For example, 1SO 9126
quality model of product includes six characteristics (quality indicators): Functionality,
Reliability, Usability, Efficiency, Maintainability, and Portability; ISO 25010 includes eight
characteristics: Functional Suitability, Performance efficiency, Compatibility, Usability,
Reliability, Security, Maintainability, and Portability.

The second step corresponds to the attributes/subcharacteristics for each quality
characteristic, which detail the different aspects of a particular characteristic. A set of attributes of
quality characteristics is used in assessing quality.

The third step is designed to measure quality using metrics. Each of them according to
the standard is defined as a combination of an attribute measurement method and an attribute value
measurement scale. To assess the quality attributes at the lifecycle stages (when viewing
documentation, programs and program test results), metrics with a given estimated weight are used

to level the results of a metric analysis of the total attributes of a particular indicator and quality in
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general. The quality attribute is determined using one or several assessment methods at the
lifecycle stages and at the final stage of software development.

The fourth step is the evaluation element of the metric (weight), which is used to estimate
the quantitative or qualitative value of an individual attribute of the software indicator. The
selected attributes and their priorities are reflected in the requirements for the development of
systems or the corresponding priorities of the software class to which the software belongs are

used.

3.1.3. Enriched, tailored and open source models

Enriched models arise due to the shortcomings of hierarchical models. After the
publication of ISO 9126 researchers proposed more elaborate quality models, to over-come known
shortcomings of the previous quality models. The richer models mostly focus on single problems
of the hierarchical models and improve them.

Dromey [106] introduced a distinction between product components, their properties, and
externally visible quality attributes. As product components he uses the artifacts of the software or
rather constructs of a programming language, such as expressions, variables, and modules. These
components are attributed with properties, such as computable, precise, and structured. For each
component property, such as computability of expressions, its influence on a quality attribute
(taken from ISO 9126) is defined and explained by a rationale.

Tailored models began to appear the year 2001 with Bertoa model [116], followed by
Georgiadou Model in 2003 [117], Alvaro Model in 2005 [118], Rawashdesh Model [119]. These
non-basic models include Component Based Software Development/CBSD and the software
development concentrated on the use of Commercial Off-The-Shelf Components/COTS.

The main characteristic of tailored models is that they are specific to a particular domain
of application and the importance of characteristics may be variable in relation to a general model.
These models arise from the need of organizations and the software industry for specific quality
models capable of doing specialized evaluation on individual components. They are built from the
basic models, especially the ISO 9126, with the adding or modification of subfactors and the goal
to meet needs of specific domains or specialized applications.

Open Source Models. Actually, free software products have much popularity for the
diverse characteristics and freedoms they offer and because they are used in different contexts.
Many of them are directed to perform the same or similar applications than traditional products.

For example, they can be Free Software Operating Systems (such Linux, Solaris, Free BSD),
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middleware technologies/databases (e.g. Apache Web Server, MySQL) and products for the end
user (e.g. Google Chrome, Mozilla Firefox, Open Office).

Models for assessing the quality of free software products adapt models like 1SO-9126,
adding some particular aspects of free software. It is noteworthy that although there is a distinction
between models of first and second generation, an ideal model that captures all aspects of quality
in a free software product has not been defined yet [120]. According to [121], [122] the open

source models started in 2003 and all of them emphasizes about the open source.

3.1.4. Critical analysis of quality models

There are different groups of characteristics included in the quality models:

e Constructive characteristics — are defining the adopted solutions, for example the
characteristics of the main components of the program product.

e Functional characteristics — defining performance results, such as execution speed,
yield, productivity, reliability, etc.

e Economic characteristics — a system of indicators that define the effort to achieve the
product through costs, e.g. design, realization, exploitation, maintenance, elimination
of potential errors, etc.;

e Technological, identification, aesthetic, ergonomic, ecological characteristics, etc.

Between quality characteristics, no matter what perspective they are viewed or grouped,
there are multiple relationships of interdependence, subordination, hierarchy, composition or
aggregation. The relationships between quality model characteristics are complex — providing an
aggregation approach for measurement values and multicriterial assessment producing
comprehensible results is a big challenge.

For the quality model to be operational in the sense of selecting a set of characteristics on
which to build a metric system with which the quality of one or more software products is
evaluated, the selected set has the following properties:

e To be fully appreciated by the evaluators in the sense of capturing all aspects of the
quality that the evaluators are interested in. Evaluators (internal, beneficiaries, external
auditors) are authorized and well-informed individuals interested in the qualitative
assessment of the product, organization or the system.

e To be hierarchical in the sense that the main features are decomposed into factors which
are quantified using metrics.

e To be consistent (non-contradictory). For example, complexity runs counter to

reliability, efficiency to portability etc. In this case, the values of certain features may
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be fixed, but others may vary within acceptable limits or left to the discretion of the
developers, explicitly setting only the priority system.

The internal characteristics of the product process or resource, are those that are measured
by examining the product (e.g. number of code line), processes (e.g. backup, restore), or resources
(e.g. processing time, memory volume), separate from their mode of behavior. Internal quality is
the unobserved direct part of its product, reflecting the program's structure, coding, testing, and
maintainability practices. From the point of view of the business, the low level of internal quality
determines loss of reputation and competitiveness of the company.

External characteristics of the product, process or resource, are those that are measured
only with reference to how the product, process or resource reacts with the environment. External
characteristics of software quality directly affect product value to the user. External quality is
observed by the user, is tested and serves as the acceptance or refusal criterion of the product. The
low level of external quality can be manifested by system failure, unexpected behavior, data
corruption, low performance, etc.

A fundamental axiom of software quality is the fact that tangible internal product
characteristics determine the quality of external characteristics, and for improving software
quality it is necessary to improve internal quality. Establishing a link between the tangible
properties of the product and the levels of the quality characteristics, as shown schematically in

Figure 3.3 need the following steps:

Subchar. 1 Subchar. 1
Internal

Char. 1

External
Char. 1

External
Char. 2

Subchar, 2 Subchar, 2

Internal
Char. 2

Subchar. 3 Subchar. 3

External
Quality
Internal
Quality

n n
= =
[ | =
External Subchar. p Subchar. q Internal

Char. m Char. n

Figure 3.3. The relationship between three parts of model characteristics
Source: Developed by the author

¢ Definition and decomposition of external quality features, user-oriented step;

96



o Definition and classification of internal quality characteristics, stage- oriented towards
the developer;
e Making detailed links between external and internal subcharacteristics.
Relationships of interdependence between quality characteristics, both in the same
category and between different categories, are complex and difficult to quantify. This involves
identifying conflicts between desired quality requirements and performance of activities to ensure

a satisfactory equilibrium (Table 3.4, Table 3.5, adapted by the author, based literature study).

Table 3.4
Relationship between quality characteristics
=

> = A
Name of £ . | 8 > | 8 2 9 S| 2
characteristics | © | = S S | 5 5 |2 | £ £ |5 | 8

2|5 |2 |E|E |8 |8 |5 |2 |8 |8

ke 3 &= o S o /o) X ) > D

< > L = o (&) o n @ @ vd
Adaptability 0 0 0 0 0 0 0 0 0 0 0
Usability + 0 0 0 0 0 0 0 0 0 0
Efficiency - - 0 0 0 0 0 0 0 0 0
Maintainability 0 + + 0 0 0 0 0 0 0 0
Portability + + 0 0 0 0 0 0 0 0 0
Correctness + + - 0 + 0 0 0 0 0 0
Completeness 0 0 - 0 0 + 0 0 0 0 0
Security + + - 0 + 0 0 0 0 0 0
Robustness + + - 0 + 0 0 0 0 0 0
Reliability - + - 0 0 0 0 + 0 0 0
Reusability + 0 - 0 0 + + 0 - 0 0
Adaptability + + 0 0 + + 0 + 0 0 0

Source: Adapted by the author based on literature analysis
Legend: + = positive influence, - = contradiction; 0 = indifference.

Solving conflicts between quality characteristics involves:

1. Identifying conflicts and negotiating compromises between characteristics;

2. Diagnosing conflicts between characteristics based on early information.

A technique for establishing a compromise on quality characteristics that satisfies all
participants in the development, marketing, and use of a software product is the negotiation

technique based on the win-win spiral model [123] (Figure3.8). A risk in engineering software
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requirements is to increase the level of a quality characteristic, for example performance, to the
detriment of another at least or as important as portability. Many software projects have been
abandoned because they had a poor set of quality requirements, even though they had well-specified

interface and functional requirements.

Table 3.5
The correlation between the quality factors and the application domain
Quality N >
characteristics - = a
= > | 8 > | 8 c @ > | 2
i 8 2 e = = c s = = =
Domain o = = S = = +3 © > = = Q
Tesic ElZ |8 |€E |8 |8 |2 | |8 |8 |¢
application s l2 = £ i 2 = 3 |3 | = =
< D = (o O O n o
Generalized

O
O
X
X
O
O
X
O
X
X
O

systems (e.g. SO)

General programs

(e.g. compiler)

Systems with

critical safety

Process control

(e.g. automatic)

Interactive systems | ¢ C X C X X X C X X X

Data protection X D X C X X X X C X X

Real-time systems
(e.g. atomic X D C X X X X X X X X
stations)
CAD, CAE, CAQ C C X C C X X C X X X

Distributed systems

X X C C C X X X C X C

(e.g. e-booking)

Source: Adapted by the author based on literature analysis

Legend: C - required quality factor; D - desired factor, but not considered; X - irrelevant factor.
The technique of spiraling negotiation consists in taking the negotiation to a higher level
where it ,starts at the end” and then, after the conditions are agreed, again transfers to a higher level

and resumes the request to offer more advantageous conditions.
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Figure 3.4. WinWin spiral model for solving conflicts between quality characteristics
Source: Taken from [123](Page 34)

As a result of the comparative analysis of the models (Table 3.6) we conclude, the major

unsolved topics with regard to quality models and identify solutions for these as following:

1.

4.

Different models use different set of characteristics, and the models, in essence, cannot be
compared with each other. The first problem is providing a clear definition of high-level
quality attributes and clear decomposition criteria. It is necessary to find the required
quality characteristics for each one of the information project type.

Standards quality models are too general for specific project type, and the second challenge is
relating the high-level quality attributes to concrete product characteristics that are
measurable.

Lack of terminological consistency, Ambiguity, Incompleteness, and Overlapping. The
narrow specialization of the models gave rise to the use of different terms to describe
equivalent phenomena. Some concepts appearing in the standards (and models) are not clearly
defined. Some quality attributes of models are ,,ambiguously defined, incomplete with respect
to quality characteristics and overlapping with respect to measured properties” [124]. A
similar problem with the definition of the quality attributes is the lack of rationale for their
selection and their hierarchical composition [125]. For example, the difference between
adaptability and maintainability is unclear, because both refer to the modification of the
product to satisfy certain needs [126].

The level of detail back affects the level of applicability. Existing models are either abstract,
widely applicable, or detailed and narrowly applicable. A high level of abstraction eliminates
widespread use, and narrow applicability eliminates a high degree of detail.

99



Comparison between some quality models by the characteristics

Table 3.6

Quality Characteristic

MccCall

Boehm

Ghezzi

FURPS

IEEE

Dromey
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QMOOD
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SQuaRE
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X
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X
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X
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Functionality

=
o

. Human Engineering

-
-

. Integrity

=
N

. Interoperability
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=
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=
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=
(o]
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XXX | X
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o

. Security

N
[ixe

. Supportability

N
N

. Testability

X

N
w

. Understandability

N
S

. Usability

X

X

XXX

Source: Adapted by the author based on literature analysis
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All of these problems can be solved through tailored models, obtained from generic,
adaptable, flexible and extensible, but unique quality metamodel, which includes knowledge of the
best known’s quality models and QM best practices, set in standards. In old approach user is felt
compelled to define clearly each concept of the standard and the relationships among them, when
he intended to use a model. In a new approach, when user intended to use some basics or tailored
models, is not felt compelled to redefine each concept of the quality factors and the relationships
among them, because these are defined in knowledge quality metamodel.

Despite the enriched quality models discussed here address single issues of the hierarchical
models, a comprehensive model solving all issues is still missing. Both the main challenges, the
definition of quality attributes and the operationalization of a quality model, are still unsolved. For
instance, the activity-based quality models provide a clear way of defining quality attributes.
However, they have so far only been applied to maintainability, usability, and security.

Regarding the usage of software measures for quality assessments there are three major
critiques:

1. Despite the large number of software measures, it is still unclear how they relate to
quality in general or to specific quality attributes. Hence, their gainful application in quality
assurance is still unclear.

2. Additionally, measures are often defined based on available data, instead of actual
measurement goals [127]. Thus, most measures are defined by source code, because source code
is usually available and easily accessible.

3. A third topic is the validity of software measures. Generally, the validity depends on the
objective pursued with the measure. As we have seen, for the prediction of faults, software
measures are of limited use. Though fault prediction is just one single topic in the wide area of
quality assessments. In general, for assessing the quality of software, it must be assured that the
measures conform to the measurement goal. To achieve conformance, measurement frameworks
have been introduced. The most prominent of them, the Goal-Question-Metric, is discussed in the
following subsection.

., Significant benefits can be achieved from the integration of information management,
knowledge management and quality management in the form of improved profitability and
improved customer satisfaction ” [128]. Quality management of IS, at the operational phases, isn’t
possible without permanently feedback about the user’s satisfaction on the quality (usefulness,

relevance, timelines, etc.).
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3.2. Quality tools

A large number of quality tools have been developed. In the literature, different
categorizations and collections of such tools have been published [22], [34]. The full description
of the quality instruments is not an objective of the present work. We will mention shortly only

some of them, more main or recommended for the intended application.

3.2.1. Seven classical quality tools

The classical tools of quality are those that allow us to work on visible and measurable
facts, starting from numerical data and in a curative approach. They also allow to some extent the
analysis of the causes. Traditional/classical tools of quality management are statistical analysis
tools that are designed primarily to treat established numerical data, starting from visible or
measurable facts. They are:

1. Data collecting form (Tracking sheet, Inspection sheet)

2. Histogram

3. Pareto chart

4. Scatter diagram, called also Correlation Diagram

5. Control Charts/Check list

6. Cause-effect diagram (ISHIKAWA)

7. Brainstorming, Mind Mapping

For example, techniques that can be used for data representation according PMBOK [22]
include, but are not limited to:

Affinity diagrams — can organize potential causes of defects into groups showing areas
that should be focused on the most.

Mind mapping consolidates ideas created through individual brainstorming sessions into
a single map to reflect commonality and differences in understanding and to generate new ideas.
Mind mapping is a diagrammatic method used to visually organizing information. A mind map in
quality is often created around a single quality concept, drawn as an image in the center of a blank
landscape page, to which associated representations of ideas such as images, words, and parts of
words are added. The mind-mapping technique may help in the rapid gathering of project quality
requirements, constraints, dependencies, and relationships.

Flowcharts are also referred to as process maps because they display the sequence of steps
and the branching possibilities that exist for a process that transforms one or more inputs into one
or more outputs. Flowcharts show a series of steps that lead to a defect, the activities, decision

points, branching loops, parallel paths etc. When flow charts are used to represent the steps in a
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process, they are sometimes called process flows or process flow diagrams and they can be used
for process improvement as well as identifying where quality defects can occur or where to
incorporate quality checks.

Histograms show a graphical representation of numerical data. Histograms can show the
number of defects per deliverable, a ranking of the cause of defects, the number of times each
process is noncompliant or other representations of project or product defects, values of
characteristics etc. A histogram is a common data analysis tool in the business world. It’s a column
chart that shows the frequency of the occurrence of a variable in the specified range. It’s similar
to a Bar Chart, but a histogram group’s numbers into ranges. There are many graphical methods

of representation numerical data (i.e. Column chart Fig. 3.5, Radar chart Fig.3.6) for various uses.
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Figure 3.5. Quality of product according 1SO 25010 (two evaluations, Column chart)
Source: Developed by the author
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Figure 3.6. Quality of product according 1SO 25010 (two evaluations, Radar chart)
Source: Developed by the author
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A scatter diagram (Figure 3.7), is a graph that shows the relationship between two
variables (X, Y). Scatter diagrams can demonstrate a relationship between any element of a
process, environment, or activity on one axis and a quality defect on the other axis. Y can be
dependent on X but X not dependent on Y. So, there are many types of correlations such as positive
correlation (proportional), negative correlation (Inverse) or pattern of no correlation (Zero
Correlation). An example of positive correlation is the weight of the human and its relation to his
age (between one year and 40). We find that the weight of the human depends on and is affected
by age (increase in age will lead to increase in weight but the reverse is incorrect). So, we will
consider the age is X axis and the weight is Y axis. In a negative correlation, when X is increased,
Y decreases.

Degrees of correlation:
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Figure 3.7. Example of Scatter diagram
Source: Adapted by the author based on [129](Web-page)(format axis)

Control Charts (called also Check list, Check sheets or Tally sheets. Check sheet is a sheet
that contains items of inspections, tests and the attribute that each test can result in. For example,
the acceptance criteria of each test must be listed on the sheet to be a guide for determining if the
inspected item of the sample such as- a piece of code in the software project has passed a test item
(such as a unit test). Then we gather the frequencies of each defect and represent it in Pareto Chart.

Pareto chart (Figure 3.8). The purpose of the Pareto chart is to highlight the most
important among a (typically large) set of factors. In quality control, it often represents the most

common sources of defects, the highest occurring type of defect, or the most frequent reasons for
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customer complaints, and so on. In fact, that’s called the 80/20 rule and applies to many other
disciplines and areas. It goes on to say that 80 percent of the problems are usually caused by 20
percent of the causes.

This particular Pareto chart in Figure 3.8 divides problem areas into nine categories, which
are always ordered from most to least faults found. The vertical axis on the chart shows the
cumulative percentage and the horizontal —the problems. We observe that most of the product
problems are caused by Cause #1 and Cause #2. Solving these 2 issues we can improve quality
near 80%. The main idea of the diagram does not consist in the magic numbers of 80/20. They can

be different, for example, 70/30. The main idea is to prioritize tasks, problems etc.

mmm # of Defects == Cumulative % - 60
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Figure 3.8. Example of Pareto diagram

Source: Developed by the author based on [130](Web-page)

Cause-and-effect diagrams (Figure 3.9) are also known as fishbone diagrams, why-why
diagrams or Ishikawa diagrams. This type of diagram breaks down the causes of the problem
statement identified into discrete branches, helping to identify the main or root cause of the
problem.

The given diagram illustration simply helps us list out the possible causes of the cost over-
run. Once the root cause is determined, it could be handled with appropriate resolution and may
help in damage control. It could help the project manager save some cost during the future phases
of the project.

It is worth mentioning, that many organizations have created their own methods of dealing
with a problem in order to integrate it into their own culture. This results in seemingly distinct

presentations of generally identical methods.
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Low maintenance
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Lack of training No optional Improper handling
manufacturing
methods
m Product
+ quality not
Low quality of ~ matching the
raw material Bad working Low . requirement
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Delay in arrival

[ Material ] [ Environment ] [ Management ]

Figure 3.9. Cause « effect diagram (Ishikawa)
Source: Adapted by the author based on [131](Web-page), [22](Page 294)

3.2.2. Deming's Wheel

Plan-do-check-act and Six Sigma are two of the most common quality improvement tools
used to analyze and evaluate opportunities for improvement. Regarding the basic quality
improvement initiatives such Total Quality Management (TQM) and PDCA cycle, defined by
Shewhart and modified by Deming was examined in Chapter Il. Regarding the quality tools such
Six Sigma, Lean Six Sigma, which may improve both the quality of project management, as well
as the quality of the end product, service, or result —these are not part of the body of the work.

Here we will briefly comment on the instruments superimposed on Deming's wheel.

Deming's Wheel is now considered in the West as in Japan as the universal method, the
basic cycle of any improvement in quality, either solving a problem. It is a looping principle,
recursive, so more satisfying than a linear, too detailed method, less natural and possibly too
rational. Each of the four phases of the PDCA cycle occupies a wheel dial, and in some sectors
some of the classic tools used are indicated (Figure 3.10).

Planning: analysis of the facts by ,, Tracking sheet”, ,, Inspection sheet”, ,, Histogram”,
,, Pareto chart”, ,, Correlation chart’”; Analysis of causes by ,, Ishikawa diagram ”. Do: no classical
tool is intended for this phase of solution determination, only the ,,Gantt chart” can be attributed.

Check: evaluation of the effects of the solutions established by the ,, Tracking sheet”, ,, Inspection
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sheet”, ,, Histogram”, ,, Pareto chart”, ,, Correlation chart”. Act: as for the realization phase there
is not a specific instrument for this phase among the classical instruments.

Choosing the '-|
theme

|-. Prevention of difficulties |

Formulate the ‘
problem
Planning according * ‘ Data collecting |
to experience - o
‘ Analysis of ‘
causes

| Determining the ‘

‘ Deficiency means

analysis

". Comparison of results with

‘ ‘ Implementation of |
expectations ' |

measures

Figure 3.10. Classic tools used in the PDCA cycle to improve quality
Source: Developed by the author based on [71] (Page 5), [72] (Section 29, page 19),
[34] (Page7l)
Legend: 1 - Brainstorming; 2 - Tracking sheet; 3 - Inspection sheet; 4 - Histogram;

5 - Pareto; 6 - Ishikawa; 7 — Correlation diagram

3.2.3. Project and quality management information system

Project management information system (PMIS, in PMBOK [22]) provides access to
information technology software tools, such as scheduling/reporting software tools, work
planning, information collection and distribution, etc. Automated gathering and reporting on key
performance indicators can be part of this system.

The PMIS can also include spreadsheets, simulation software, and statistical analysis tools
to assist with cost estimating. Such tools simplify the use of some cost-estimating techniques and
thereby facilitate rapid consideration of cost estimate alternatives.

PMIS can also ensure that stakeholders can easily retrieve the information they need in a
timely way. Project information is managed and distributed using a variety of tools, including:

e Electronic project management tools. Project management software, meeting and virtual

office support software, web interfaces, specialized project portals and dashboards, and

collaborative work management tools.
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e Electronic communications management. Email, fax, and voice mail; audio, video and
web conferencing; and websites and web publishing.
e Social media management. Websites and web publishing; and blogs and applications,
which offer the opportunity to engage with stakeholders and form online communities.
PMIS examination is not an objective of the thesis. We will just remember some of them,
regarding QM and developed application
Minitab is a statistics package developed at the Pennsylvania State Universityby
researchers Barbara F. Ryan, Thomas A. Ryan, Jr., and Brian L. Joiner in 1972. It began as a light
version of OMNITAB 80 (https://www.nist.gov/itl/sed/omnitab-80) [132], a statistical analysis

program by NIST, the precursor of Minitab. Statistical analysis software such as Minitab
automates calculations and the creation of graphs, allowing the user to focus more on the analysis
of data and the interpretation of results.

Minitab 19 products (https://www.minitab.com/en-us/) [133], help businesses increase

efficiency and improve quality through smart data analysis. Minitab can help customers spot
trends, solve problems and discover valuable insights in their data.
Minitab’s Assistant offers opportunities for, but not only: Measurement systems analysis,

Capability analysis, Graphical analysis, Hypothesis tests, Regression analysis, Control charts

3.2.4. Tools for project management

Today the market has more than a hundred solutions for project management, each has
strengths and weaknesses. Among the Agile project management tools, the most popular are:

e Jira

e TFS

e Version One

o Rally software

e Spreadsheet - Google Docs etc.

A short comparison between Agile management software tools is shown in Table 3.7.
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Comparison between Agile management software tools

Table 3.7

Featu're JIRA Version One Rally Software TFS Google Docs
Overview

Proprietary/Free

License community licenses for . Proprietary, hosted Proprietary/Free trial Proprletar_y, ICU license
open source and academic Commercial
projects

. Multiple price points/Free | Multiple price Multiple price points/Free Multiple price

Price . . K . . Free
trial points/Free trial trial points?

Platform Web-Based/Installed Web-Based Web-Based Web- Web-Based

Based/Installed

Intended Users

Freelancers, Large
Enterprises, Mid-Size
Business, Non-Profits,

Freelancers, Large
Enterprises, Mid-
Size Business, Non-

Freelancers, Large
Enterprises, Mid-Size

Large Enterprises,
Mid-Size Business,

Freelancers, Small

Public Administrations, PrOf'FS’. PUbI.'C Business, Small Business Small Business Business
. Administrations,
Small Business .
Small Business

Drag-and-drop
Backlog Full support Full support Full support Full support No
Management
Story points
Task board view | Yes Yes Yes Yes Yes
Iteration burn Yes Yes Yes Yes None
down chart
Epics (hierarchy . . .
of backlog items) Partial support Full support Partial support Partial support None
Rollups support | Partial support Full support Partial support Partial support None
Release and
Iteration . )
Planning and Partial support Full support Full support Full support Partial support
Tracking
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Feature

. JIRA Version One Rally Software TFS Google Docs
Overview

Product

Roadmapping .

(multiple None Full support Full support None Partial support

releases)

Multiple

products/ Full support Full support Full support Full support Partial support

projects

Portfolio .

olanning None Full support Full support Partial support None

Test

Management . .

(Acceptance and Partial support Full support Full support Full support Partial support

Regression)

Automated

Notifications of Email Email Email Email No

Changes to

System Assets

Impediment .

tracking None Full support Full support Full support Partial support

Defect Tracking | Partial support Full support Full support Full support Partial support
PO, SM, Team

User roles None Member, SM, PO, Team Member. None No
Stakeholder, plus
custom roles.
SDK.Java,

Integration, API SDK.NET, SDK.Java, SDK.NET, SDK.Java,

(s), SDK Yes (REST AP) SDK.Python, SDK.Ruby, SDK.Nodejs SDK.NET SDK.Java, SDK.NET
SDK .Javascript

Supbort Email/Phone Community | Email/Phone Email/Phone Community CE:?;IrKEEiC;ne Forums

P Website Community Website | Website Website y
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Feature

Overview JIRA Version One Rally Software TFS Google Docs
. Training and Training and
Service None Certification None Certification None
User dOCS *kkk ** *%* *%* *kx
Usabl I Ity **k* ** **k* **k* *k*
Free trial for up to Supports collaboration for
10 users cross-functional teams
Provides story and feature
. . . Supports roll-up for enhanced program
Big community, Multi — collaboration for q foli ful f
language support, 600+ cross-functional and portiolio management Usefu Teatures for Good tool for small teams
Pros . ’ Includes integrated defect managing Agile
plug ins and add-on, teams and small processes
. management processes
mobile .
Robust planning
abilities; tracking
Epics, Stories and
Projects
Poor backlog, sprint Complex User Complex User Interface
management tools Interface
Requires additional process
Lacks burn down and . for linking stories and It is desirable to use
. Not mobile ready . .
resource reporting features to higher-level other Microsoft
Cons Manual work

Higher learning
curve needed to
understand all
features

portfolio items

Lacks configurable out-of-
the-box reporting

tools for
development

Source: Adapted by the author based on [134](Web-page)
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Conclusions on chapter 111

Software quality models and their metrics may be used in many contexts, for instance,
during the development of a new application or when selecting commercial components. Given
the completeness and significance of the criteria, quality models can be subdivided into basic
(abstract, generic models) in accordance with the requirements of international standard (1SO,
IEEE etc.), and corporate (private, typical, tailored) models in accordance with the requirements
of national, local or specific QMS standards in according to the context or/and type of the project.

All of examined models can be used in certain conditions, but the most actually and
preferred basic model is the ISO 25010 model, which incorporates the best of the previous models
and which is recognized at the global level. Even if some standards have been dropped, models
can be applied, but certification can’t be obtained, which is only active for the standards in force.

The overall conclusion is that there are very general models for assessing software quality
and hence they are difficult to apply to specific cases. Also there exist tailored quality models
whose range is in small domain, using as starting model the ISO 9126 and models for Free/Open
source emphasize the participation of community members. The level of detail back affects the
level of applicability of quality models. Existing basics models are either abstract and widely
applicable, or detailed and narrowly applicable tailored models. A high level of abstraction
eliminates widespread use, and narrow applicability eliminates a high degree of detail.

Finally, we note that in most of the studied models the factors and criteria have the same
value which is relative because it depends of the application domain. For example, aspects of
transferability can be crucial in software that is installed on different machines. However, they
have so far only been applied to maintainability, usability, and security.

Despite the quality models discussed here address single issues of the hierarchical models,
a comprehensive model solving all issues is still missing. Both the main challenges, the definition
of quality attributes and the operationalization of a quality model, are still unsolved. For instance,
the activity-based quality models provide a clear way of defining quality attributes.

Assumption. As a result of the conclusions drawn from the basic and tailored quality models
analysis, we consider that both of quality factors of models may be managed in a similar manner,
providing a unified framework/metamodel. These concepts enclosed in the standard, enriched with
the decisions outlined in the precedent items, form together a rich base of knowledge for building a
metamodel. But the development of quality model with a set of fit to IP metrics is far from being a
simple task. In the next section we define a metamodel for quality assessment for a different type of
IS.
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It is not the strongest of the species that survives, nor
the most intelligent that survives. It is the one that is the most
adaptable to change.

Charles Darwin

I can't change the direction of the wind, but I can
adjust my sails to always reach my destination.

Jimmy Dean

IV. FIELD RESEARCH ON INFORMATION SYSTEMS QUALITY

In the fourth chapter, we report on a survey we conducted to assess the state of practice
regarding quality models and quality assessment, the built metamodel and architecture of
application to support of these.

The processes of selecting and establishing metrics and scales for describing the
characteristics of the quality of software can be divided into two follow stages.

The first stage — selection and justification of a set of input data reflecting the general
features and stages of the software project lifecycle and its customers, each of which affects certain
quality characteristics. Obviously, we are talking about five Garvin’s different points of view.
SQuaRE quality models provide a framework for collecting stakeholder needs, including three
point of view (for detail see [33]):

1. Primary user: person who interacts with the system to achieve the primary goals.

2.Secondary users who provide support, for example (a) content provider, system
manager/administrator, security manager; (b) maintainer, analyzer, porter, installer.

3. Indirect user: person who receives output, but does not interact with the system.

Each of these types of user has needs for quality in use and product quality in particular
contexts of use. For example, view on Garvin [36], and in some other cases.

The second stage —selection, establishment and approval of specific metrics and scales for
measuring the characteristics and attributes of the quality of a project for their subsequent
evaluation and comparison with the requirements of specifications in the process of qualification
tests or certification at certain stages of the software lifecycle.

Common understanding all point of product view, quality in use and data quality (user
view, customer satisfaction, manufacturing view, etc.) is an issue, which can be solved by tailoring

models.
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The main purpose of the research in general is providing quality of information projects.
To do that, there is a need to identify the quality characteristics relevant to the types of projects.
For this purpose, it was necessary to collect the information from the participants (of the field
research) in order to review the quality characteristics of the information projects and further to
assemble a model for implementation, management and measurement for diverse types of
information projects. While the goal is to build a model, which will contain quality characteristics
suitable for each of information projects according to its type. From all the mentioned above, the
objective of the field research was to find out which of the quality characteristics will be taken into
the quality model with respect to the research results from the literature review and the field study.

The purpose of the field research examination of the research relevancy is to examine
whether the common use areas in which information systems / projects information are widely
agreed (to define broad agreement property - receiving a grade greater than 3.5) have influence on
a number of characteristics to quality measure so that we can be defined as a successful model to
evaluate the quality of the data / information project.

The suggested model is aimed to classify information projects from the quality point of
view and improving the quality in a way that can be quantified and measured,

In addition, a new model was built and implemented in a software application, based on
the research results dealing with meta-analysis of the most actual researches and tracking the 25
most important information quality characteristics. This software application enables to manage
quality of information projects by performing quality assessments, in accordance with the quality

characteristics for each type of information project.

4.1. Field research methodology

Despite the number of Standards and Quality Models, little information exists how to
measure, collects the values of characteristics and how evaluate a concrete type of IS. There is a
need for research providing information about significance of each quality characteristic included
in quality model and the weighting of the characteristics.

The purpose of the field research was to building a metamodel and find out which of the
quality characteristics will be taken into the quality model for some type of IS, with respect to the
research results from the literature review and the field study.

For this, it was needed:

e Select the most common quality characteristics, important to software, allow for

uncomplicated measurement and do not overlap (based on bibliographic study and

comparative analysis for the most important types of 1S). Theoretically, metamodel can
114



include also the characteristics of Infrastructure quality, Quality of services, Process
quality, Quality of organization, Maturity level etc.;

e Field assessment of the significance / weights of each characteristic for each type of IS,

that measure the degree of satisfaction (based on an expert opinion poll);

¢ Identification of generally accepted characteristics from experts for different IS (with a

score greater than 3.5 out of 5);

e Build an adaptable metamodel, which consists of the set of generally accepted

characteristics, and the possibility of modify them according to the user's demand.

Objective and subjective assessment methods have been used. Objective assessment
measures the extent to which IPs conforms to quality specifications and references. Subjective
assessment measures the extent to which IPs is fitness for use by end consumers.

The study sample comprised dozens of employers in the field of information systems and
other experts as a control group. The experts are a group of system analysts working in a
governmental organization. All the participants answered the question relating to their information
technology field experience (questions 1-3 in the questionnaire).

The survey meant to obtain practical data from experts. The surveys were conducted
with the participants and a case study was prepared based on the participants’ perspective of the
project. The survey comprised from25 different types of 25 quality characteristic measures based
on the literature review and different types of projects. The questions were developed from a
review of risk and success factors in the research literature on project management and information
system management. The use of surveys enables us to study a greater number of variables (Quality
Characteristics) than in the case of experimental approaches. In this study, the survey is an
effective method to validate Information Quality Characteristics by factor analysis. Answers to the
questions reflected participants’ perceptions of the project. The participants were asked to classify
the importance of the factors and characteristics by choosing a value from 1 to 5 of the Likert
measurement scales, where 1 stands for “Very Important” and 5 stands for “Unimportant”.

For each type of the information project the respondents needed to classify the importance
of each quality from a list of 25 provided. Each case study was qualitatively analyzed to identify
thematic patterns and artifacts that appeared to be relevant or important in enabling or inhibiting
the performance and/or outcome of the project. This survey allowed to check the consistency of
the quality characteristics for each information project or to point out on a certain trend. In
addition, reviews a group of 13 experts in the field to indicate by the same survey in general, that

is, not for a specific information project.
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4.1.1. Data collection, field research results and findings

Data collection. In the research they were collected the feedbacks to the surveys during
the period between the years 2014 to 2015.

The data was recorded and summarized as responses were received. The results were
organized in the Microsoft Excel spreadsheets using excel statistical functions to measure the
attitudes from the data of the survey results. The data was organized into separate rows and
columns for each information project type or the expert’s response. The responses to each question
have been assigned with numerical values for the data analysis. Following data collection, it is
possible to make analysis of factors and the average calculations and find trends for verifiable the
results. After that it is possible to classify the items into a valid structure, to develop the quality
model for concrete type of the information projects.

The form of survey completed by the respondents is presented in Annex 3.

Results. This section reports main findings of the study. First, findings relating to key
practice areas are outlined. Second, the major risk factors found in the study are described. Third,
an unexpected finding of multiple project types, each with different implications for risk and
project management, is described and discussed.

The survey’s respondents’ results, regarding the quality importance of each characteristic,
are displayed in the below tables, in accordance with the information project type and the experts’
group. The tables below display the characteristics importance average, the number of answers
and the standard deviation.

Respondents were asked to specify the level of significance of the quality characteristics
they consider to be the most important in the process of assessing the quality of those information
systems.

The detailed results of Mean score and Standard deviation calculus for 7 groups (12 type)
of IS (ERP & CRM Group, Geographic Information Systems Group, Enterprise Portal &
Knowledge Management Group, Bl & Big Data, Internet Sites & Web Application Group,
Document Management Systems Group, Mobile Application Group) are presented in Annex 4.

Summarized results by these seven groups, media by experts and average of the mean
scores is show in Figure 3.9 and Figure 4.1, Figure 4.2.

Mean score and Standard deviation formulas:

AVERAGE is the arithmetic mean, and is calculated by adding a group of numbers and
then dividing by the count of those numbers.
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Field Research Average of the Groups and Mean Scores (means)

Table 4.1

Enterprise :
ERP & GIS & Portal & Bl & Big Internet Sites | Document Mobile Average
Map & Web Management L Experts | of the
SR Librar ST Beic Application System aoeieation Means
Characteristics y Management PP y

1. Accuracy 4.7143 4.4667 3.5385 4.0000 3.4706 3.9286 3.6471 | 4.0769 | 3.9803
2. Availability 4.3182 4.3077 3.6667 3.6000 3.6250 3.3846 42353 | 3.7692 | 3.8633
3. Changeability 3.0455 2.7692 3.2500 3.5000 2.9375 3.0769 3.3529 | 3.5000 | 3.1790
4. Correctness 4.1818 3.6429 3.3636 3.6154 3.4375 3.1818 3.3529 | 3.9231| 3.5874
5. Efficiency 3.6364 2.9231 3.8000 3.8333 3.6000 3.2500 43125 | 3.7692 | 3.6406
6. Flexibility 2.9565 2.8333 3.0000 3.0000 2.6000 2.4545 2.8235| 3.6667 | 2.9168
7. Functionality 4.0000 3.8333 3.5000 3.4545 3.6000 3.2727 3.9375 | 4.3846 | 3.7478
8. Interface facility 3.5652 3.7273 3.2222 3.0833 2.6429 3.1000 3.9333 | 3.5833| 3.3572
9. Integrity 4.0435 3.3636 3.0000 3.6364 3.0714 3.6667 29231 | 3.1818 | 3.3608
10. Interoperability 3.4545 2.3333 3.3750 3.2000 2.6154 3.2222 3.6154 | 2.9091 | 3.0906
11. Maintainability 3.7391 3.1667 3.5556 3.0000 3.5000 3.3000 4.0714 | 3.6154 | 3.4935
12. Modifiability 3.3636 3.0000 2.8889 3.1818 3.0000 2.6000 3.3846 | 3.0000 | 3.0524

117




Enterprise

rpa | GRS poue (Biasg | M| ot | oo || Aves
- Library T G RCL Application System Pipp et Means
Characteristics Management

13. Performance 3.6087 3.9091 4.3000 3.4545 3.6000 3.6364 3.9333 | 3.1538 3.6995
14. Portability 2.8261 3.3000 2.8750 2.8000 3.6154 2.6000 3.2143 | 2.6154 2.9808
15. Reliability 4.0870 4.2500 4.2857 4.1818 4.1667 3.7778 3.4286 | 4.1538 4.0414
16. Reusability 2.8182 2.5455 3.0000 3.1818 3.3077 2.8000 3.3077 | 3.1538 3.0143
17. Robustness 3.8182 3.2000 3.1429 2.9000 3.0833 3.6667 3.5000 | 3.3846 | 3.3370
18. Scalability 3.0909 3.1000 3.2500 2.77178 3.0000 3.1250 3.1538 | 3.1667 3.0830
19. Security 4.4091 4.0000 3.8182 4.1667 4.0000 3.6154 4.0000 | 3.5000 | 3.9387
20. Supportability 4.0435 3.3571 3.8333 3.0000 3.4118 3.1429 3.2941 | 3.2000 3.4103
21. Testability 3.6818 3.2500 3.3000 3.4167 2.7500 3.3636 3.4706 | 2.2727 3.1882
22. Transferability 2.3043 2.6923 3.0000 2.9167 3.0000 2.9167 3.7333 | 2.4545 2.8772
23. Understandability 3.9500 3.7273 4.2222 3.8182 3.9333 3.2727 3.3750 | 3.4545 3.7192
24. Usability 3.9545 4.3333 4.2000 4.0909 4.2667 3.6364 3.7647 | 3.5000 | 3.9683
25. Visibility 3.6818 4.0000 4.4444 3.2727 3.8571 3.0000 3.4000 | 2.9167 3.5716

Source: Developed by the author in [135] (Page 48) based on survey
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AVERAGE uses the following formula:

X1+Xo++Xp

AVERAGE = (4.1.1)

Where: AVERAGE = the mean, X; = the first value, X, = the second value, X; = the third
value, X, = the last value and n = the number of the values

The Standard Deviation (STDEV.S) is a measure of how widely values are dispersed from
the average value (the mean), and uses the following formula:

STDEV.S =/ (T (x —%) 2)/ (n— 1)) (4.1.2)

Where: x is the sample mean AVERAGE (numberl, number2, ...) and n is the sample size.

STDEV.S assumes that its arguments are a sample of the population. If the data represents the
entire population, then compute the standard deviation using STDEV.P.

STDEV.P uses the following formula:

STDEV.P = /Y (x = %) 2)/n) (4.1.3)

Where: x is the sample mean AVERAGE (numberl, number2, ...) and n is the sample

size.

Average of the Means

Figure 4.1. Value of the field research Average of the Mean Scores
Source: Developed by the author based on the survey the results

The graph (Figure 4.2), represent the variation of quality characteristics by type of
information system, according to the data from the Table 4.1.
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Quality Characteristics and Information Project
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Figure 4.2. Variation of Quality Characteristics by type of IS
Source: Developed by the author in [135] (Page 49) based on survey

4.1.2. Data quality and Information quality dimensions

According to the 1ISO 25012 data model are defined using:

e 12Inherent Data Quality characteristics,

e 10 System Dependent Data Quality, of which 7 are bivalent (belong to both types of

characteristics)

Another data quality classification is provided by Wand and Wang [136]. They limit their
focus to intrinsic data qualities, of which they define four intrinsic dimensions: completeness,
unambiguousness, meaningfulness and correctness. Wand and Wang take as their basis a paper,
which features a review of cited data quality dimensions, i.e. the comprehensive literature review
of Wang et al. [137]. Based on the comprehensive literature review Wand and Wang summarize

the most often (Frequency) cited data quality dimensions as shown in Table 4.2 [136].

Table 4.2
Cited data quality dimensions Source: Wand and Wang
Quality Quality Quality
) ) Frequency _ _ Frequency ) ) Frequency
dimensions dimensions dimensions
Accuracy 25 Format 4 Comparability 2
Reliability 22 Interpretability 4 Conciseness 2
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Quality Quality Quality
) ] Frequency ) ) Frequency ) ) Frequency
dimensions dimensions dimensions
Timeliness 19 Content 3 Freedom from 2
bias

Relevance 16 Efficiency 3 Informativeness 2
Completeness 15 Importance 3 Level of detail 2
Currency 9 Sufficiency 3 Quantitativeness 2
Consistency 8 Usableness 3 Scope 2
Flexibility 5 Usefulness 3 Understandability 2
Precision 5 Clarity 2

Source: Adapted by the author based on [136](Page92)

The graph in Figure 4.3. represent the Quality dimensions and the frequency- the most

often cited data quality dimensions based on Wand and Wang [136] comprehensive literature

review.
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Figure 4.3. The most often cited data quality dimensions and their frequency
Source: Developed by the author based on [136](Page 92), [138] (Presentation page 7)

As mentioned, Wang and Strong [139] propose a DQ/1Q classification which divides data

quality into four categories: intrinsic, contextual, representational, and accessibility. For each
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category, they define a set of dimensions. The definition by Wang and Strong is discussed by Haug
et al [140]who argues that “representational data quality” can be perceived as a form of
“accessibility data quality” instead of a category of its own. Thus, Haug et al. define three data
quality categories: intrinsic, accessibility and usefulness. Levitin and Redman [141] provide
another perspective by arguing that since processes to produce data have many similarities to
processes that produce physical products, data producing processes could be viewed as producing
data products for data consumers. With a basis in this view of data as resources, Levitin and
Redman discuss how thirteen basic properties of organizational resources may be translated into
properties for data [142].

Information Quality is commonly thought of as a multi-dimensional (multivalent)
concept with varying attributed characteristics depending on a quality view-point. Each
organization or the information consumer (the customer or the user) has a different view of the
dimensions of information quality. Determine information quality dimensions for the information
quality can be used to add structure and instrumental to this inherent complexity. Table 4.3
provides a summary of the most common dimensions and the frequency with which they are
included in the comparison Information Quality Frameworks of Shirlee-and Knight and Janice
Burn (2005) [143].

Table 4.3
The Common Dimensions of 1Q/DQ
Quality Quality Quality
) ) Frequency ) ) Frequency ) ) Frequency
dimensions dimensions dimensions

Accuracy 8 Understandability 5 Believability 3
Consistency 7 Accessibility 4 Navigation 3
Security 7 Availability 4 Reputation 3
Timeliness 7 Objectivity 4 Useful 3
Completeness 5 Relevancy 4 Efficiency 3
Concise 5 Usability 4 Value-Added 3
Reliability 5 Amount of data 3

Source: Adapted by the author based on [143] (Page 162).
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The graph in Figure 4.4, represents the common information quality dimensions and the
frequency- number of time cited information quality dimensions based on Shirlee-ann Knight and
Janice Burn [143] which they are included in the 1Q/DQ framework table.
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Figure 4.4. The common Information quality dimensions and their frequency
Source: Developed by the author based on [143](Page 162), [138](Presentation page 8)

4.1.3. Critical analysis of methodologies of information quality assessment

More than two decades of research in the emerging field of 1Q has developed useful
theories, methodologies, and technologies for assessing, improving, and managing the quality of
various types of information [144]. The concept of 1Q goes beyond accuracy. It includes more
than a dozen other dimensions such as timeliness, completeness, consistency, interpretability,
accessibility, security, to name only a few [139]. These different dimensions can be grouped into
different categories.

Several 1Q frameworks have been developed to define and categorize various 1Q
dimensions [139; 145-147]. Among various 1Q management methodologies, the Total Data
Quality Management methodology [148] is one of the most used in researches and practice. It
suggests that information should be treated as a product (Information Product) and managed
continuously by following the cycles of improving Quality through: Define, Measure, Analyze,
and Improve (DMAIC) [149]. Existing research has attempted to identify a full spectrum of 1Q
issues, most users are only concerned with a very few 1Q dimensions.

In fact, research has shown that a user typically can only handle approximately seven

concepts without being confused or to flooded with data [150]. Thus, it is not effective to present
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too many 1Q dimensions when informing users or occupy their inputs about quality. Therefore,
numerous machine-based 1Q assessment methods have been developed. Depending on the type of
the information (e.g., structured vs. unstructured, centrally produced vs. socially contributed,
medical domain vs. IT domain), different sets of metrics are selected and automatically assessed
using different input features. Functional dependency analysis [151] and statistical analysis [152]
can be used to identify various quality problems in relational and other types of structured sources.
Record linkage techniques [153] can be used to detect duplicates and inconsistencies. For textual
data, various quality indicators can be used as a proxy for quality metrics. The indicators can be
based on content (e.g., information-to-noise ratio), metadata (e.g., Web page’s last update date),
or other features (e.g., HTML syntactic correctness). Up to 26 such indicators have been used to
assess the quality of online health information [154]. With the growth of social media such as
Wikipedia and various discussion forums, there has been growing amount of research that focuses
on assessing the quality of socially contributed contents. The algorithms are usually specific to a
particular type of social media platform because they rely on certain features specific to the
platform. Most machine-based methods are scalable and can produce 1Q metadata useful for
improving the effectiveness of Web search and information retrieval.

However, automatic algorithms can, at best, estimate the overall quality. They cannot
reliably generate ratings along quality dimensions because the relationship between selected
features and quality dimensions are usually unknown or unreliable. For example [147], number of
edits is mapped to authority and article length is mapped to completeness for Wikipedia articles.
It is debatable whether such mappings make sense. Ratings along quality dimensions are necessary
for explication purposes and for the effective use of information (e.g., making trade-offs between
dimensions). Furthermore, certain selected metrics may be irrelevant to users in their intended
uses of the information.

More importantly, machine-based methods cannot capture users’ perspectives about IQ.
User-based assessment relies on user inputs collected using questionnaire surveys, ratings, or
freeform comments. A systematic survey instrument has been used in various organizations to
assess 1Q perceived by users of different roles in the information supply chain. The survey method
requires significant user involvement and is often used to assess a collection of IPs as a whole,
thus it is not scalable to obtain real-time 1Q assessment at a fine-granularity. Minimalist approach
to online voting (such as thumbs up/down and “has the article helped you”) does not capture
sufficient information for quality improvement purposes. Freeform feedback option is

cumbersome and thus rarely used by users.
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User-based methods can capture user’s perspectives about 1Q, but are not scalable. They
also lack the necessary granularity and specificity in terms of the IPs (in the case of the survey
method) and the 1Q metadata (in the case of the simple voting method).

Furthermore, the lack of user incentives often results in scarcity of useful feedback and
even leads to biased and malicious feedback. 1. Costas [128], Hongwei Zhu, Yinghua Ma, Guiyang
Surealized [155] and more and more others researchers that these challenges require further
research. ,,The discussions and theory, built around the idea of an integration of knowledge
management) and quality management in the framework of the same business management system,
look logically rather correct, although without an empirical evidence for such a claim”.

IPs quality, software and hardware quality, quality of IS and resulting data etc. are very
different from different cases, the operational environments are very dynamic and these facts
require specific individual models for continuous improvement of quality. ,.It is not enough to
involve users at the beginning of IS project, at the stage of elaboration of new IS concept. It is
impossible to define final requirements to the system quality. Thus, it is necessary to build a
mechanism which ensures a permanent monitoring of user’s satisfaction by information results
provided by IS” [156].

Systematic feedback from real customers allows early risk reduction. By delivering early
and getting feedback, we reduce the risk of building the wrong product. Using Agile development
methodology, we can get early and systematic feedback along the development lifecycle. By
focusing on architectural risk in the early sprints, we reduce the risk that we won’t have a solution
that can be built in time.

The QM of information projects, such development of I&CT infrastructure, development
of information systems and services is a relatively new field of research and needs new integration
frames for ensuring IPs quality (planning, management, control), including quality of IPs
development processes, quality of resulting products and quality in use, which is dependent of

concrete organizational context.

4.1.4. Comparing and merging the two frameworks: data and information quality

Confusingly enough, quality dimensions are named and approached differently in different
frameworks. From the two frameworks we represent in this paper, some of the quality dimensions
are mentioned in both and others are cited only in one of them. The following graph in Figure 4.5
how’s the comparison of quality dimensions frequencies between the two frameworks -

Information and Data Quality frameworks.
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Compare of quality dimensions frequency
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Figure 4.5. Comparison of quality dimensions frequency from the two frameworks
Source: Developed by the author based on [136](Page 92) and [143](Page 162)

In order to make the comparisons more effective and fairer, we need to construct a
normalized dimension ranked for the two frameworks from 0 to 10 (The highest frequency number
is given a score of 10 and all the other are measured relative to it).

Normalized Score (NS) uses the following formula:

NSX, = (%) x 10, NSX, = (’Z‘—;) 10, ... NSX,, = (’Z‘—:) %10 (4.1.4)

X

NSY, = <§_1) 10, NSY, = (;_2) +10, ... NSY, = (;_n) <10 (4.15)
y y y

Where: (NS) = Normalized Score, X, andY;are the first value, X, andY,are the second
value, Z = the max value, X,,and Y,,= are the last value and n = the number of the values.

This means that the quality dimension occurrence with the greatest number gets the score
of 10. Therefore, we can compare and display a comparison of normalized quality dimensions
frequency score from the two frameworks in one scale, as shown in Figure 4.6.
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Figure 4.6. Comparison of normalized quality dimensions frequency score
Source: Developed by the author based on [136] (Page 92) and [143] (Page 162)
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As we can see, some dimensions are common and used by the two frameworks. When we
join the number of occurrences of each of the quality dimension from each framework, we can
display a common graph in Figure 4.7 of the total normalized number of citation score of each of

the quality dimensions.
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Figure 4.7. Join of normalized quality dimensions frequency score of the two frameworks
Source: Developed by the author based on [136] (Page 92) and [143] (Page 162)

In order to merge the two frameworks for assessing data and information quality, we
propose a scale to determine the scores of the frequency weighted of each of the quality dimension
measurements. For the scoring calculation, we need to sum the number of occurrences from the
two frameworks (from Table 4.2 and Table 4.3) and determine the highest score with the greatest
value, namely, rank the dimensions. These ranks will be used as the basis for calculating the score
scale between 0 and 10, with 10 - the highest score. In Table 4.4 we can see the frequency score
of the quality dimensions based on the two frameworks, so that made for each of the quality
dimensions, the weighting of their grades according to the number of occurrences. This provides
us a measurement scale for the quality dimensions with the frequency score.

Normalized Score (NS) uses the following formula:

NS, = (%) %10, NS, = (%) £10, ... NS, = (*25) « 10 (4.0.6)

Where: (NS) = Normalized Score, X; and Y; the sum of the first value, X, and Y, the sum
of the second value, Z = the max value, X,, and Y,, = the sum of the last value and n = the number
of the values. Alternatively, we can find the average of the Normalized Score of the two (or more)
frameworks. Average Normalized Score (ANS) uses the following formula:

X1+Y;1+Ny,

ANS; = (4.1.7)

Where:
ANS = the average score for the characteristic, X; = the first normalized score of the first
framework, Y; = the second normalized score of the second framework, X, = the last normalized

score of the last framework, n = the number of the values.

127



Quality dimensions and the frequency score

Table 4.4

Quality Average |Frequency | Quality dimensions Average |Frequency |Quality dimensions| Average |Frequency
dimensions Frequency score Frequency score Frequency | score
score score score

Accuracy 10.0 10.0 Usability 2.50 1.21 Interpretability 0.80 1.21
Timeliness 8.18 7.88 Efficiency 2.48 1.82 Content 0.60 0.91
Reliability 7.53 8.18 Useful 2.48 1.82 Importance 0.60 0.91
Completeness 6.13 6.06 Amount of data 1.88 0.91 Sufficiency 0.60 0.91
Consistency 5.98 4.55 Believability 1.88 0.91 Useableness 0.60 0.91
Relevancy 5.70 6.06 Navigation 1.88 0.91 Clarity 0.40 0.61
Security 4.38 2.12 Reputation 1.88 0.91 Comparability 0.40 0.61
Concise 3.53 2.12 Value-Added 1.88 0.91 Freedom from bias 0.40 0.61
Understandability 3.53 2.12 Currency 1.80 2.73 Informativeness 0.40 0.61
Accessibility 2.50 1.21 Flexibility 1.00 1.52 Level of detail 0.40 0.61
Availability 2.50 1.21 Precision 1.00 1.52 Quantitativeness 0.40 0.61
Obijectivity 2.50 1.21 Format 0.80 1.21 Scope 0.40 0.61

Source: Developed by the author
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We can represent a graph in Figure 4.8. that shows the quality dimensions with the average
normalized frequency score [157].
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Figure 4.8. Quality dimensions average normalized frequency score
Source: Developed by the author in [157](Page 93)

In Figure 4.9, the graph represents the 15 quality dimensions from the two frameworks,

which got the highest score.
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Figure 4.9. The 15-quality dimension normalized highest frequency score
Source: Developed by the author in [135](Page 50)
In Figure 4.10, the graph represents only the 10 quality dimensions which are common and
shared in the two frameworks [157].
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Figure 4.10. The 10 shared quality dimension normalized frequency score

Source: Developed by the author in [157](Page 93)

4.2. A model for improving information projects quality

Quality models are useful if they are understood by users, both in their constitution and

intent, because:

The intent of a measure gives hints on how to understand and interpret results. This
somehow prevents the counter-use of metrics.

Software quality concerns are at the very heart of what the developers, and the
foundation, are doing. In some contexts (or projects) this may be a very delicate subject
to deal with.

Critics are very easy, especially in this domain: software engineering is not mature
enough to have certitudes. As a consequence, a common agreement has to be found with

users to really get the most out of such a work.

The fields for improvement:

Defining practically usable quality models (quality attributes to be improved);
Adapting quality models to specific organizations and application contexts;

Integrating quality models into life-cycle development processes, for example Agile;
Simple, transparent and unique definition form quality characteristics;

Quantifying quality/measuring of primitive — input data directly from PMO, which
support IPs development technological process.
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4.2.1. Two level approach: metamodel and tailored quality model

In Chapter I11, several quality models were presented, among which Call and Boehm early
quality models to the ISO 9126, ISO SQuaRE (25010, 25012) models for system software and
data quality, ISO 15504/SPICE or CMMI for quality processes. Since quality varies according to
the domain (safety, testability, usability etc. do not always have the same importance in each
software product), some quality models have been published for specific domains, like
aeronautics, navigation etc.

In present section we define an explicit metamodel formally for quality models, which is
more general and allows more degrees of freedom. This metamodel includes some basic models
(McCall [101], Boehm [102], ISO 9126 [108], ISO 25010 [33], 1SO 25012 [158] models) and
some enriched models (Dromey [106], FURPS [104]) with the possibility to generate other
particular quality models based on the adaptation of one of them. The specific model is developed
according to the metamodel and user requirements. Adaptation consist in eliminate some
characteristics and/or add other characteristics, including individual characteristics, defined by the
developing organization and stakeholders for concrete use-case. The resulting specific particular
model is built under the subset of the most common quality characteristics and organization needs.
In resulting model all relations between characteristics — subcharacteristics — metrics and the
formula calculus are inherited from the metamodel, and have two variants of realization: simple
media or multicriterial calculus.

This two-tier approach offers the possibility to compare similar products based on a
particular manufacturer's model as well as different products and different manufacturers based on
the basic features included in globally accepted and recommended 1SO standards. The particular
model allows systematic control and product quality monitoring over the entire lifecycle.

In favor of approach metamodel« specific model in the previous Chapters I1-111, several
arguments have been made, among which it is necessary to be mentioned:

e Software systems share some characteristics, but may really differ according to other,

such application field, size and complexity of project, number and type of user, etc.

e Developing organizations also differ, ranging from size (small — to medium and/or
large) and ending with specialization in certain fields, type of IS, culture, traditions,
competitive environment etc. They may not be consistent in conventions, patterns used,
process followed etc.

e For IPs/IS some characteristics, as maintainability, error resistance simplicity in use,

etc. has a strong importance since the resulting product is intended to be used for
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longtime, adapted or modified by anyone. So, some characteristics can be added in the
model and others — can be deleted.

According to Software Quality Model Requirements for Software Quality Engineering, a

quality model shall meet the following requirements [159]:

e It should be usable from top to bottom: users shall be able to understand how quality is
decomposed down to metrics used.

e It should be usable from bottom to top: quality shall be assessed from the retrieved
metrics up to the quality characteristics.

e It should include the different perspectives on quality, for example five points of view,
defined by D. Garvin [36].

Among the principle requirements for building a particular quality model we add:

e The quality measurement should be open and transparent, because on last resort quality
comes from people themselves.

e The extraction of input data and analysis process should be as much as is possible

automated (ideally fully).

4.2.2. Metamodel and particular/tailored models

The complete quality model is broken into three main parts:

1. The core quality model (metamodel), is compose of a series of quality characteristics
attributes of included basic models and user added characteristics. All the attributes are described
in these respective models and standards. Terminology and definition of quality characteristics are
in according with 1SO 25010:2011 [33]. All of the definitions of characteristics, subcharacteristics,
metrics, and measurement function are including in the repository file of application (fragment of
Quality Knowledge Database is shown in Annex 1 and Annex 2). All of the formulas were taken
from the respective standards: ISO/IEC 25022:2016, Systems and software quality requirements
and evaluation (SQuaRE), Measurement of quality in use; ISO/IEC 25023:2016, SQuaRE,
Measurement of system and software product quality; ISO/IEC 25024:2015, SQuaRE,
Measurement of data quality. The templates of the quality metrics and the calculation functions,
including the generalization of the results of the measurements in the values of the characteristics
and their integration in a single value, are made in Excel, they are competently self-defined,
explicit and full described according to the respective standards.

2. The quality characteristics and subcharacteristics are mapped to some type of IS, e.g.

web application and applied standards from company, like 1SO 9126, ISO 25010, etc.
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3. Measurement concepts are in turn mapped to one or more metrics, e.g. ,,code size”,
which is measured through source lines of code, and ,,control-flow complexity”, measured through
cyclomatic complexity. List of metrics can be extended/ added to the user's need and desire. The
metrics are defined in ISO 25022 [60], 1ISO 25023 [38], ISO/IEC 25024:2015 and other.

The whole model structure (i.e. links between quality characteristics, subcharacteristics and
metrics) are defined in the ,,Models file repository”. By default, this file contains basic models
defined in ISO 25010:2011 (quality in use and quality of product) and the built tailored models for
seven groups of IS.

The implicit model of project quality/project success includes six competing
characteristics: Duration, Cost, Scope, Quality, Risk and Customer satisfaction. Each of these can
be evaluated as 1 or 0: Yes — the requirement constraint is satisfied, or No — isn 't present, is not
satisfied). The simplified structure of the model of project success for six factors is presented in
Figure 4.11.

The Customer is
satisfied?

The Scope (product) is
the one promised? No
The Quality is good
enough? No Yes 0
|
The Duration was
admissible? Yes No o
—— |
The Costwas
admissible? Yes No 0
I_I_| I
The value of Riskis
acceptable 7 Yes No o

Figure 4.11. The simplified model of project success for six factors

ploion

Source: Developed by the author

The case when all of the factors have the value 1 (111111), = (64)10is considered a total
success, when the product, results, requirements and constraints are those expected, and the
expectations of the stakeholders are met. The case when all of the factors have the value 0
(000000)2 = (0)10 is considered a total failure, when nor of the product, results, requirements and

limitations are not these expected, and the stakeholder’s expectations aren’t fits.
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Any intermediate value between 0 and 64 can be interpreted according to the mutual
agreement between the beneficiary and the executor. The appreciation of the project is proportional
to the obtained value, and it is desirable to maximize it. Apart from the interpretation of the zero/
one values a weighted value can be evaluated. At the same time, it is worth mentioning that in
reality the interpreted alternatives are much less, as rule, not more than 5-8.

The implicit models of the product and of data quality are those defined in standards
ISO 25010:2011 and ISO 25012:2008. But all of these models can be adapted according to the
user's requirements based on metamodel.

While the quality attributes and measurements concepts are not supposed to change
(accepted for the evolutions of the measurement process), quality metrics may change according
to some specific characteristics, like the programming language used and the availability of data.

The following picture (Figure 4.12) exemplifies a fragment of metamodel, from quality
attributes to measurement concepts and metrics. Quality attributes are on the left (blue
background), measurement concepts are in the middle (green), and metrics are on the right

(orange).
Metrics
Metrics
Sub-Char.
/ Metrics
Char. — Sub-Char.
Metrics
Quality
Model Char. Sub-Char.
Char.
Metamodel
Char.
/ Sub-Char.
Quality
Model Lo
Sub-Char. Metrics
Char.
Sub-Char. Metrics
Sub-Char Metrics
Metrics
Metrics

Figure 4.12. A fragment of the metamodel of quality

Source: Developed by the author
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Metrics for quality in use and are defined in ISO 25022, and metrics for product quality are
defined in ISO 250223. The relationships between models, characteristics, subcharacteristics and

metrics were defined in database of applications (Figure 4.13).

Quality Models

DB Tables Characteristics
Relation

\_// SubCharacteristics

Database

N~ Metrics

Figure 4.13. Relations between models, quality factors and metrics

Source: Developed by the author

4.2.3. Improving information quality

Organizations who realize that information is a part of the organizational quality process
will get superiority over the competitors [160]. Therefore, organizations should determine who is
responsible for quality improvement and quality assessment of the information. Moreover, it is
important to determine the quality evaluation system, using machine-based methods and user-
based assessment, to monitor and measure quality improvement over a time period and compare
it to previous periods. To ensure information quality, organizations must comply in accordance
with clearly defined quality dimensions, like quality control in the manufacture of other products,
which are provided and are valued in accordance with the specific quality characteristics.

Information Quality literature has provided a great amount of proposals for assessing the
quality of information, but there is still a need to develop frameworks for assessing and improving

the quality of information from the information consumer and the organizational point of view in
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the perspective of the information project classification. Moreover, for each dimension there must
be set a clear definition what it represents, in order to be able to compare it for any type of
Information Project (i.e. information system) throughout its lifecycle. In this paper, we prefer to
base on the Data quality dimensions scale proposed initially by Wand and Wang [136] and the
Information quality dimensions proposed by Shirlee-ann Knight and Janice Burn [143]. Both are
strong and well validated. There are some basic differences in the theories of both models since
data and information are not the same (as we presented in the introduction). However, most of the
dimensions used, and especially the most frequent ones, are very similar. In this work, we tried to
combine the two models and built a shared set of dimensions. Hopefully, this will give a starting
point for the further research.

In order to prepare an assessment scale and give the appropriate weight for each of the
quality indicator for certain project information, we revealed that quantifying information quality
involves two main stages: first, identifying which dimensions are important and relevant to the
information project and second, determining how these dimensions affect the customers’ needs
when they consume the information. This will enable to perform more accurate assessment of the

quality, identifying discrepancies, and determining the necessary actions for improvement.

4.2.4. Proposed scenario for improving information project quality

In order to improve the quality of information projects, it is required to present an
information project quality improvement model that can be iterative measured and improved,
during a period of time. Quality improvement is an iterative process that requires planning,
execution, checks and feedback from the information consumers (IS users) in the organization. By
this process, during a certain time frame, the quality of the project can be improved and reach
higher business performances [161], [162] (presentation), [163] (poster) [164] (presentation).

Therefore, the quality activities are performed on a time scale, all along with the project's
lifecycle, in order to achieve an effective improvement of the Project quality. During each activity,
the quality measurements' results will be tested and further recommendations for improvements
will be given, by feedback and controlling. This type of process will enable to compare, along with
the time periods on the time scale, the quality improvement from iteration to iteration and produce
a quality improvement scale for that period.

Since that information project owns unique characteristics and specific quality
measurements, they are the core parameters of the proposed model. The main relevant parameters

that take part in the model are:
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1. Project classification, such information project type (CRM, ERP, BI, etc.), end-user
quantity, information volume, budget, project content, etc.

2. Information quality dimension required according to the decisions making type and
the information needs within the organization.

During the progress of the project, the quality activities will be carried out according to the
quality measurement scale and the input parameters that were set in advance. The end user of the
information system, will feedback the received quality and those will be are turn parameters used
for quality improvement during the next interactions (namely, the next quality activities). As well
as the user’s feedback on the information system quality, this will be used as additional quality
parameters for quality improvement in the model. Scenario for continuous improving information
project quality along the lifecycle is shown in Figure 4.14.

Quality
Improvemen

Business IT
Performance

Experience
and
Performance

Information Quality Dimensions
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Information Project Lifecycle
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Figure 4.14. Scenario for continuous improving information project quality

Source: Developed by the author in [135](Page 52)

The basis assumption of the scenario is that by constant improvement, iteratively, it will be
possible to increase the quality measurements and quality itself, required by the project
stakeholders, which will result in increasing the performances of the system.

The described metamodel is a general model and does not represent the characteristics of
a specific project. Therefore, in order to activate this model, it should be adjusted to the specific

private case of each individual project.
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Implementing an Enterprise QMS (standards + procedures + templates) in according
ISO 9001, CMMI, AGILE is a major effort, which needs a Policy, Engagements, Involve
personnel, stakeholders, etc. Project managers, sponsors, stakeholders and team members need to
receive some level of training on how to play their roles. Organizations also face the problem of
,cleaning out the pipeline” of in-process projects that have not been managed according to the new
assessment of quality. Often times the best approach is to simply let these projects wash themselves
through the pipeline, which means the presence of many projects with the need to increase their
quality.

And other major implementation issue is the sophistication of the project management
processes. The temptation is to go too far and insist on more project management processes than
necessary and many functions of product. Principle KISS (Keep it Simple, Stupid) and YAGNI =
,, You Aren't Going to Need It”’, which means “have the courage to say no, to prevent a functional
overload . By this principle we are encouraged to implement only the elements, requested by the
client, nothing more!

It is better to adopt a simple system that requires relatively little additional time from
sponsors, project managers and team members.

Since a project is a private case of a certain information system foundation, time frame
dependent, budget, contents and quality dependent in order to achieve a certain business
improvement, it is required to determine, for each project, its own relevant characteristics, quality
measurements and quality demands from the information system, according to its specific type.

In this research, quality and software characteristics were presented, that are relevant to a
model, according to the project type. For the realization of the model, it is required to make certain
adjustments according to the organization, the project and the information quality type needed.

This is done in order to fit the model into the private case of the project.
4.3.  Numerical methods for quality assessment

4.3.1. Linear calculation of quality factors values

As a rule, quality evaluation according to the quality models McCall, Boehm, FURPS,
Dromey, I1SO 9126, 1ISO 25010 etc. uses a set of values/metrics and linear expressions of calculation

for each factor, such as:
Fq =YY", Ai*Mi (4.3.1)

Where:

138



Fq = is the quality factor,
Ai, i=1,...n are the coefficients of regression,
Mi, i=1,... n are the metrics corresponding to the quality factor,

Then the general quality is determined as the weighted sum of the factor values.
Q=2q-1Fq*Pq (4.3.2)

Where:

Fq, g=1,... mare the calculated values of the factors,

Pg, g=1, ... m are the corresponding weights of the quality factors.

All metrics of the attribute are summed up and form a quality indicator. When all attributes
are evaluated for each of the quality indicators, a total assessment of a separate indicator is made, and
then an integral quality assessment taking into account the weighting factors of all software indicators.

This plot is only appropriate when the factors do not depend on each other, which does not
correspond to reality. In the first chapter we discuss about interdependence between quality
characteristics and subcharacteristics, no matter what perspective they are viewed or grouped, there
are multiple relationships of interdependence, subordination, hierarchy, composition or aggregation
and the impacts of quality subcharacteristics on characteristics are not equivalent and it is hard to
determine. And we were talked that, models must be made more meaningful for different cases by
using coefficients which relate characteristics and subcharacteristics.

So, in complex systems such IS with the use of several indicators/criteria there may be several
criteria objectives/functions, often interdependent. Thus, during the creation, research, application
and development of complex software systems, the assessment of the quality of the relevant processes
becomes possible only with the use of several indicators (several target, criterion functions). This
leads to the emergence of multi-criteria choice tasks. Below is the specificity of the multicriteria
choice and some numerical methods that can be used successfully to evaluate the quality of the

processes/products.

4.3.2. Multicriteria numerical methods to evaluate the quality

In order to evaluate the quality, it is necessary to identify which characteristics are most
closely related to this software product. Therefore, the characteristics that must be taken into account
should be selected based on the type of software product (e.g. embedded, real-time, etc.). In addition,
the subcharacteristics (in the case of internal and external software products) and the measures also
need to be identified. Under these conditions, the problem of a multi-criteria choice is reduced to

finding a vectorx, such that:
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fi(X) > extr ; f5(X) > extr;...; f,(X) > extr
XGASﬂ XGASﬂ )_{EAS'B (433)

The condition for the existence of a solution (4.3.3) can be written as a condition for the
coincidence of the solution of m-particular problems of searching for an extremum for each i-th

quality indicator on the set Asy:

* * * *
Xp =X2 =X3=-=Xnm (4.3.4)
There:
XT =arg extr f;(X),i=1,...m
XeAsp (4.35)

The fulfillment of condition from formula (4.3.4) is possible only in the case of the
consistency of the particular indicators of the quality of the software development. However, as the
information analysis in previous chapters, these characteristics can be contradictory and optimization
of the software development parameters for each of them leads to alternative (non-coincident)
solutions.

Thus, the formalization of problem such in formulas (4.3.3-4.3.4) is not correct within the
framework of the axiomatics of the classical theory of extremal problems and for its solution it is
necessary to define the problem by invoking additional qualitative and quantitative information about
the properties of criterion functions, alternatives, principles of optimality, etc.

As a rule, the main source of additional information when searching for the best alternatives
are experts, who know the given subject area well and the decision maker who has a specific goal in
order to achieve which the problem under consideration is being solved. Obviously, sometimes
additional information in such problems of multi-criteria choice can be obtained from other sources,
for example, based on the analysis of the results of system modeling.

But there are some solutions for solving the condition from formula (4.3.3).

The Method ,, Elimination Et Choix Traduisant La REalit¢é” (ELECTRE) [165], [166] was
proposed by Bertrand Roy (France, 1967) and provides the possibility of arranging variants of quality
criteria in descending order of preference criteria. Today is known five versions of ELECTRE, of |
to IV and IS versions, used in the most diverse fields. But only a few criteria involved in 7 steps taken
to solve the problem using ELECTRE method. The idea of using ELECTRE method for quality
assessment consists in elimination of the various alternatives/quality criteria that do not meet the

concordance.
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The Combinex® method [167], [166], aims to sum up the contributions of the various
characteristics or criteria of appreciation of the variants to the merit or overall performance. These
inputs are appreciated by the utility of the criteria seen from the point of view of the interests related
to the realization and use of the analyzed object (product, service, program) by means of utility
expression. According to the specialized literature, in a matrix table the options (variants) are switched
on the lines, and the columns are affected by the characteristics.

The method is called ,,Combinex not only because it sums up all the merits of different
characteristics, but also because it is used in the design process, combining qualities and costs in a
balanced way. It starts from the idea that the beneficiaries of products and services would want
maximum qualities for each criterion what designers might do at excessively high prices, which
usually do not agree with customers. On the contrary, low prices usually correspond to poor
performance. Combinex therefore means ,,combination of expenses with quality”.

A risk in engineering software requirements is to increase the level of a quality characteristic
to the detriment of another at least or as important (for example diminuend a cost/expenses often is in
detriment of performance or quality of product). Any software projects have been abandoned because
they had a poor set of quality requirements, even though they had well-specified interface and
functional requirements. Developing software with a level of quality that meets user expectations
requires a balance between quality characteristics. However, as mentioned above, linear patterns do
not always adequately reflect the relationships between the quality characteristics.

To achieve quality is possible only in the case of consistency of quality indicators. However,
as shown by the analysis in sections 1 and 3, these indicators are often contradictory and optimization
of parameters for each of them leads to inadequate solutions.

The ELECTRE and Combinex methods present serious inconveniences on the credibility of
the conclusions reached. Indeed, the coefficients of importance of the criteria are intuitively fixed as
the notes for each criterion in each variant. Consequently, all these methods may be subjected to
subjective influences (two distinct groups of experts can reach different values of the coefficients and
grades that are given).

ROMPEDET Method (ROmanian Model of PErformance DETermination), designed by
I. Stancioiu, [166] could partly solve this problem.

ROMPEDET allows to greatly eliminating the subjectivity of quality level appreciation. Thus,
the Hi performance of a product variant Vi (i = 1, 2,..., m) is obtained by adopting a variant Vkas the
basis and by reference to its characteristics the values of the variants Vi, taking into account the

importance of each characteristic, according to the formula
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4 N
Hi=a ] “T] (X—kj) , (4.3.6)
J€S1 ij jeSe Xij

Where:

a — is a scale factor (is proposed 1000 for a more conclusive differentiation of the variants);

S1 —the subset of characteristics, that are desirable to have the highest values for performance
to be as high as possible (e.g. usability);

S> — the complementary subset of characteristics, that are desirable to be as small as the
performance to be as high as possible (e.g. cost);

Xij— the values of the technical characteristics of the variant Vi (i e m);

Xj — idem for the variant Vi (k € m),

Ifin (4.11) i = K, will result Hk = a, so the performance of the given reference product equal
to the scale factor a.

The weight occupied by the j characteristic in defining the level of Hi performance is

normalized as follows:

0<yi<l; Dri=1 vy (4.3.7)

‘ &c de
Where:
C =f (X) represents the function of the expenses for ensuring the characteristics, including
the exploitation, and X— the set of characteristics X; (j = 1, 2,... n).
If there is a lack of information about expenditures or their reporting on the qualitative
characteristics of the IS, the weights y; can be established with the formula:
-THE
J: : : i
N=h=ca . . 0<u <L 2=l j1j2=12,...,n
22.3j.j-
J2]: (4.3.8)

ajuj2 represent the elements of the square matrix Anxn = llaj1j2Il, having the values:

1, C,IC,, if characteristic C;; is of equal importance with C,),

. 2, C,,PC;, if characteristic C;, is more preferred than C,,,

A 4, C; PPC,, if characteristic C;, is much more important than C,,
0, in rest of cases

(4.3.9)
Where:
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I —is a logical operator of indifference (characteristic Cj1 is of equal importance with Cj),

P —is a logical operator of preference (Cj1 is more preferred than Cj»),

PP —is a logical operator of preference (Cjz is much more important than Cj,).

The ROMPEDET method is essentially similar to the selection and hierarchy methods of
the above-described variants in that they call these methods as two elements that define the overall
quality (overall performance) of a product: the notes or utilities of each feature in each variation
of the formula and the coefficient of importance of each characteristic (weights y;).

However, there are fundamental differences in determining the usefulness of the features.
Thus, the ,,notes” will result from the reporting of characteristics to those of the reference variation.
The linearity that occurs in the definition of ,,notes” by this process is acceptable, because for most
products and technical characteristics, the differences in the values of the characteristics have low

rates, in those portions being allowed the approximation of the curves with the straight lines.

4.4. The summary description of applications tool.

4.4.1. Requirements for the application

General requirements. To estimate the values of quality indicators, four methods can be
used: measurement, registration, calculation and expert (as well as combinations of these
methods).

The measuring method is based on the use of measuring and special software for
obtaining information about software characteristics, for example, determining the volume, the
number of lines of code, operators, the number of branches in the program, the number of entry
(exit) points, reactivity, etc.

The registration method is used when calculating the time, number of failures or failures,
the beginning and end of the software operation in the course of its execution.

The calculation method is based on statistical data collected during testing, operation and
maintenance of software. The estimated methods are estimated indicators of reliability, accuracy,
stability, reactivity, etc.

The expert method is carried out by a group of experts (users-specialists) who are
competent in solving this problem or the type of software. Their assessment is based on experience
and intuition, and not on the direct results of calculations or experiments. This method is carried
out by viewing programs, codes, accompanying documents and contributes to the qualitative
assessment of the created product. For this purpose, controlled signs are established that are

correlated with one or several quality indicators and are included in the expert questionnaire cards.

143



The method is used in assessing indicators such as analyzability, documentation, software
structuring, etc.

The primary goal of application IPMS (Information Project Management System)
according to the thesis results is to manage quality of project along lifecycle, assess and visualize
measurement values and trends. Often, they also give a high-level overview of the quality of the
analyzed system. Thus, they incorporate aggregation of measurement values. Since the first
version use linear functions to compute the quality according to the hierarchical quality models as
foundation for an aggregating, the application tool is considering the weights of the characteristics
for each quality model.

The software application IPMS must be simple, transparent and with intuitive interface in
English language, but all the knowledge and database objects (terminology, definitions,
explanations, measurement functions) must be possible to be displayed/edited including in
Romanian and Russian languages.

Taking into account the particular character of quality models for different organizations
and types of projects, the application must be universal, suitable for any tailored quality models.

Taking into account different evaluating methods and measurement functions for each
quality characteristic, the application must be independent of assessment method:

1. Objective evaluation. In this case, the value of each quality factor is calculated based on
specific measurement function and objective initial data. Inputs/measurements can be extracted
directly from PMO or can be manually introduced in Excel template. Excel template realize all of
the calculus in according of the measurement functions and return the value of quality factors. All
templates according 4.2.2. Metamodel and particular/tailored models are actually usage examples
and are recorded on the CD attached to the thesis. All three templates (ISO/IEC 25010:2011
Quality in use_Template_v02.xlsx, ISO 25010 Quality _of Product_Template v02.xlsx, ISO/IEC
25012:2008 Quality_of Data Template v01.xIsx) are actually usage examples and are recorded on
the CD attached to the thesis, Some fragments of Quality Knowledge Database was sown in Annex
1 and Annex 2.

2. Subjective evaluation. The values of quality factors are obtained as feedback from
users and/or from expert subjective assessment. In this case value of each quality facto can be
manually introduced directly in application

3. Combined evaluation method. Some of the values of quality factors are obtained by
objective evaluation, some — by subjective evaluation.

All of the measurement functions are described in the Knowledge database of the

metamodel and are programmed in the Excel template in according with their ISO definitions.
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Functional requirements. The application must allow the introduction and updating of
the database about the organizations, projects, assessments, quality metamodel, tailored quality
models, quality characteristics, quality subcharacteristics and quality metrics.

The quality metamodel contains all of the definitions of quality characteristics, quality
subcharacteristics and quality measurements (calculation formulas) and evaluation methods.

The build of private model is done by simply selecting of the quality factors.

Each new assessment is saved in the database, after which the results can be displayed in
the desired form. It is required to display the dynamics of several consecutive evaluations of
project (sprints).

Technical requirements. This program will run on Windows Operating systems, starting
from windows 7 up till windows 10.

Computers may not run this program unless they have dot net 4.6 installed.

A RAM of 4 GB or above will be enough to run the program.

A Processor of 2.0 GHz will run the program without lags.

Microsoft SQL Server 2012 or newer is required to use this program across many
computers in Local Area Network (LAN). This option allows all computers on the LAN to use a

central database. Other details can be found in the application description (Annex 9).

4.4.2. Description of the application

IPMS is a desktop application which enable organizations to manage quality of information
projects, by performing quality assessments, in accordance with the tailored models for each type
of information project, obtained from metamodel (knowledge about quality models, quality
characteristics, subcharacteristics and metrics) and using a linear calculation of quality factors
values [162] (presentation). The application is independent of the tailored model applied; it is
suitable for any type of organization and/or any type of project.

The main menu displays some options for initial introducing/editing of the data, such
Organizations, Assessments, Tables settings of the application, which define for each information
project type a list of quality characteristics with a quality factor according to the thesis results
databases tables’, Quality concepts of the metamodel and tailored models, a List of existing
information projects, to choose and manage and to display the Information project quality
assessment reports, graphs, statistics etc. (Annex9).

Using the data input screens, it is possible to create a new organization, new project, new
assessment and/or update any database objects, including metadata about quality models, quality

characteristics, quality subcharacteristics, quality metrics etc. Metamodel can be extended/
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adapted from organization needs: user can add some characteristics, subcharacteristics and
metrics, can modify some measurement functions in the knowledge database and/or in the Excel
templates for collecting of primary data and calculation of value of quality factors.

In addition, it is possible to create or maintain quality assessments or quality activities.

Each information project relates to quality characteristics in accordance with the project
type, in order to perform the relevant quality assessments. Each project assigned to a specific
organization in order to manage the projects of the organization.

The application has a built-in help with detailed description of operation. Install kit and
applications scenario, help text and others print-screens of the IPMS are shown in Annex 9 and,
along with the entry templates, are written on the CD. The application is installed on Microsoft
Azure cloud server and can be verified from the Web, without installing it on the desktop. To
access IPMS application, send an e-mail to the author's address to receive information regarding

the updated Login and Password.

Conclusions on chapter 1V

The misconception that 1SO standards or quality models are enough to evaluate the
systems/software or informational projects quality is fully supported by the field research which
testify, that each area in which was conducted the test that has different quality characteristics.
As a result, the general, abstract quality assessment models have to be adapted for each type of
project separately: and we need to adjust the quality characteristics according the project
classification, user quality requirements, company quality policy, etc.

So, neither 1SO standards are performance standards. They do not address quality itself;
they address only the management processes necessary to achieve quality. Standards say what
needs to be done, but they do not say how to do it for concrete case of company, project etc.
Because quality is strongly dependent of context — quality management system must be ,,born”,
»grow” and ,,mature” inside the company through tailored models, build in according with
organization culture, strategy, needs, type of project etc.

The developed generic metamodel of quality and the corresponding application,
incorporates all the known quality factors (characteristics, subcharacteristics and metrics) of the
basic I1ISO quality models, which today reflect the best practices and the best international
experience in the domain of software systems quality. In fact, the duration of all project activities,
cost, project quality, project risks etc. are probabilistic, not deterministic. These cannot be perfectly
anticipated, cannot be determined accurately, as the project is nearing completion. So, we must

accept the variability of the parameters of a project quality, cost, risks etc. This is inherent in any
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process. Over time, as the project nears completion, the variability can be reduced, but it can never
be eliminated. And the main purpose of a project manager is trying to reduce of risks to which a
project is subjected or to minimize their effects to obtain required quality in accordance with the
preset constraints. This it is possible using developed application along development lifecycle.

Application can be easily customized-adapted to the needs of a particular company, its
own quality policy, quality culture etc. The metamodel are flexible and extensible. The definition
of quality factors can be adapted to the concrete organizations and project context. The high
adaptability and extensibility of the application in terms of defining/refining the metamodel and/or
tailored models allows its use for other types of projects and organizations. The elaborated model
of project success (project quality) respect requirements for quality models, as it is simple,
transparent, and it is easy to extend, to calculate, to understand, to interpret.

The proposed approach and realized application open up the possibility to define the
quality of IPs at the conceptual level, creating the basis for the subsequent formal assessment of
the degree of compliance of the developed IPs with the quality requirements. The current version

of application uses linear calculation of quality factor values.
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GENERAL CONCLUSIONS AND RECOMMENDATIONS

The important scientific solved problem in the research is a new approach for
continuous assessment and improvement of the quality of information projects through the
lifecycle. This approach opens up the possibility to define the quality of IPs at the conceptual level,
creating the basis for the subsequent formal assessment of the degree of compliance of the
developed IPs with the quality requirements.

The new approach is composed by following obtained results: (1) generic metamodel of
quality, which includes the best knowledge about quality factors, extracted from known basic
models and quality standards; (2) tailored quality models built from metamodel, based on field
research, which permit providing quality of some type of IPs; and (3) on an original support
application; with the extraction of the some initial data directly from the Agile PMO.

The results were published in 10 scientific papers, among which 8 by a single author, with
a total volume over 4 sheets of author, including 2 in magazines recognized abroad, 2 in journals
category B, were reported in 4 international and 2 home conferences. On page 189 are listed all
own publications, which are referred in the thesis in about 20 references.

The main research result is core/generic quality metamodel, adaptable, flexible and
extensible, which contain the quality characteristics of included basic models (McCall, SO 9126,
ISO 25010 etc.) and user defined characteristics, what absorbs the best of the moment from the
ISO 9001 standards and the 1SO 25000 family, which meet current trends in quality management
of software. Obtained metamodel is based on an extended literature review, qualitative and
quantitative analysis methods, detailed survey questionnaire for different kind of people and
different type of IS.

Some of these ideas can be seen in: [44], pages 59-60, 125-130; [100], pages 125-130;
[135], pages 45,47-50, 52; [157], pages 89-93.

A second obtained result— was established the tailored quality models for some of the
most important types of IS and values of corresponding weights of these quality factors, which
allows a more accurate quality assessment for these type of IS. The research area was mainly oriented
for information systems, such ERP, CRM, BI, etc. Weights were determined based on experts’
answers. The most important result of this experts’ survey says that there is a variance in scaling the
characteristics of quality, depending of the type of project, the fitting quality scale according to
information needs of the customers both inside the organization and out of it. A well-established QMS
quickly develops business and offers advantages such as: simplifying and optimizing processes,
increasing customer satisfaction, motivating employees, lowering costs and increasing productivity,
creating or adjusting specific quality tools, quality standards and others.

The different IS use different quality characteristics with different weights. One can see
about their choice and justification in: [135], pages 45,47-50, 52; [157], pages 90, 89-93; also
was presented on MITRE 2015 and MITRE 2016 international conferences [138] (presentation),
[161].
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The third obtained result is universal application for continuous quality assessment. The
quality activities should be carried out in an iterative way of measurement and improvement. This
fact requires a quality model that, on the one hand, gets the suitable parameters that fit an
information project and, on the other hand, allows measuring, in a unified scale, the quality
improvement results, along with the project lifecycle.

Proposed scenario for improving information project quality and functionalities of the
IPMS application were presented at 2 local (Israel) conferences [163] (poster), [164] and at 3
international conferences (MITRE 2015, MITRE 2016, MITRE 2029 [138 (presentation), [161],
[162] (presentation)).

In a proposed application for quality assessment was used a tailored model, which is
flexible, adaptable and extensible. End user can select the basic quality model depending of type
of applications and then adapt this according to user requirements, define and add some new
characteristics and measurement functions. Universality of application was achieved by the
separation of the initial input data from the application and from measurement, registration,
calculation and expert methods. All of these are programmed in the Excel templates, and permit
to determine the values of the quality factors, defined in according of the users’ needs. The Excel
files also serves as a data-collector, extracted from various PMO instruments, used along lifecycle
of development of IPs.

Considering the volume of routine operations, software evaluation and management can be
effective only under automation conditions. The proposed application can extract many of the
input data directly from collaborative PMO instruments in the Excel files/templates, which serves
as a data-collector. So, the application is promising because it saves costs, avoids many routine
operations by directly importing of input data, excludes data mismatch, etc. Adaptability and

The scientific novelty and originality are reflected in a new approach for continuous
assessment and improvement of IPs quality along lifecycle based on combination between modern
Agile development methodology and tailored quality models, obtained from generic quality
knowledge metamodel, which is extensible, flexible and adaptable and which is supported by
software application with primary data extraction directly from the PMO tools.

The presented approach is new, even if we were using the classical models of software
engineering and standardized best practices. The modification we respect is integration of existing
quality models and best practices with user-oriented quality conception, in according with users’
needs, users’ requirements, using the new more suitable quality assessments models at conceptual
level, mix of traditional evaluation methods and modern development methodology, such Agile.
This approach permits to build the tailored quality models, more suitable to the concrete
organization and project contexts; fits the quality characteristics, metrics with users’ needs; realize
a combination of quality models with modern development methodology Agile and tools for
assessment and improvement of quality. That’s mean the quality of IPs can be carried out in an
iterative way of measurement and improvement along the lifecycle.
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The theoretical significance is supported by analyze, synthesis, specifying and defining
the theoretical principles, generic metamodel and tailored models for personification of the quality,
continuous assessment process of the quality of IPs through the project lifecycle, based on
connection between several well-known basic models, tailored models, Deming quality wheel,
Plan-Do-Check-Act cycle, Agile development methodology and PMO tools for quality
assessment.

The applicative value of the research. The new assessment approach, generic metamodel,
tailored models, measurement functions — all of these have been realized in a software universal
application tool IPMS for support of mangers. The research outcomes can be directly used for 12
type of IS, such ERP & CRM, GIS & Map Library, Enterprise Portal & Knowledge Management,
Business Intelligence & Big Data, Internet Site & Web Application, Document Management
System and Mobile Application. The new assessment approach and the realized software tool are
implemented in ,,WGS”, Israel (Annex 5) and in the study process of the Moldova State University
(Annex 6). But the results could be used by researchers and students in software engineering
disciplines, could be easily implemented in any organizations that use IPs, in according to the
specific criteria of that project. The applications can save the inputs and outputs of quality
assessment results to the database, in order to compare between the quality activities over time.

Recommendations and suggestions for future research. The present research can be
expandable. Building a framework for measuring, assessing and improving quality requires both
methodological support and technology support with the right tools. Also,
developing/implementing this tool as a software application designed to support quality
management, more theoretical and empirical research, including expert opinion surveys are
required.

In particular, research could be continued in several directions, but not only:

(1) Quality modeling along the lifecycle, investigation of characteristics and related metrics,
measurement functions to determine correlation, significance, the degree of overlap,
dependencies and degree of automation is the most important way to increase the quality,
inclusively using a formal, mathematical modeling, such set theory, graph theory, etc.

(2) Refinement of many quality factors, metrics that, in aggregate, adequately reflect the
quality of software along the lifecycle.

(3) Because quality indicators and expert opinions often can be contradictory, identification
of these parameters and their importance for each of IPs require adequate solutions,
which can be identified among multicriterial quality assessment methods.

(4) The most qualitative input data for quality evaluation are the objective data, collected
directly from the outputs of the technological processors. Corroboration of
inputs/outputs of technological development processes and of quality assurance can offer
a good basis for improvement of quality.
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ANNEXES

Annex 1. Quality models according to the 1SO 25000 family of standards

(Fragments of Quality Knowledge Data Base)

A | B & D
1 [Name of characteristics Name of subcharacteristics
o 1. Effectiveness 1. Effectiveness
372. Efficiency 2. Efficiency
4_3. Satisfaction 3.1. Usefulness
5_ 3.2. Trust
67 3.3. Pleasure
77 3.4. Comfort
B_ 4. Freedom from risk  |4.1.Economic risk mitigation
9_ 4.2. Health and safety risk mitigation
1[; 4.3.Environmental risk mitigation
1: 5. Context coverage 5.1. Context completeness
1; 5.2 Flexibility 5.2. Flexibilitate
- » ‘ Terminology @n use Model (IS0 25010) ] Qof product model (ISO 25010) ‘ QProduct Measure ... (3 @ 4
A | B [ D
1 Name of characteristics Name of subcharacteristics

> 1. Functional suitability 1.1. Functional completeness
1.2. Functional correctness

2 1.3. Functional appropriateness
> | 2. Performance efficiency 2.1. Time behavior

2.2. Resource utilization

2.3. Capacity
3 | 3. Compatibility 3.1. Co-existence
) 3.2. Interoperability
0 4. Usability 4.1. Appropriateness recognizability

4.2 Learnability

4.3. Operability

4.4. User error protection
4.5. User interface aesthetics
5 4.6. Accessibility

16 5. Reliability 5.1. Maturity

17 5.2. Availability

« » .| Qualityinuse Model |[Quality of product model ] QProduct Measures | QUse Metrics | Quality0... @ : <

AAAAAA
IS ISR b 'l e

c D E F G H |
Clause |[NameSubchar I:T;: Id_Measure |Name_of_Mesure Explanation Measurement_function
8.2. |1.1. Functional completeness 111 FCp-1-G  |Functional coverage What proportion of the specified coverage |X = 1-A/B; A = number of functions n
1.2. Functional correctness 121 FCr-1-G  |Functional correctness What proportion of functions provides the X = 1-A/B, A = Number of functions t

X =1-A/B, A = Number of functions r
1.3. Functional appropriateness 131 FAp-1-G  |Functional appropriateness of usage obiective What proportion of the functions required Hamong those that are required for ac
objective; B = Number of functions r

132 | FAp-2-G  |Functional appropriateness of system What proportion of the functions required §X=7 (i=1 to n)[Ai/n]; Ai = Appropriate
8.3. |2.1. Time behavior 211 PTb--G  |Mean response time How long is the mean time taken by the sy| X=%(i=1 to n)[Ai/n]; Ai = Time taker
212 PTb-2-G  |Response time adequacy How well does the system response time nX= A/B, A = Mean response time me
213 PTb-3-G  |Mean turn around time What is the mean time taken for completion X=3 (i=1 to n)(Bi-Ai), Ai = Time of ste
214 PTb-4-G | Turnaround time adequacy How well does the turnaround time meet thX=A/B, A = Mean turnaround time m:
hMaan thranahmut \Ahat is tha maan numhar of inkhe latd V=Sri=1tA n\T{Ai T/RiV/n Ai = Kumb,

odel (ISO 25010) l Q.Product Measures (1ISO 2502_3) I QUse Metrics ‘ Quality of da ... @ P
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Annex 2. Fragment of Data quality model

= [NEE) -
» () * podw sadA} ejnwiioy sOURA Deled || (Z10SZ 0S1) s DeIRq (Z205z OSI) sABW asND | = 4
'8sN JO X8jU0J J12ads B Ul Ajljen
< ()3 ejep o} Bupe|al sa|nJ Jejiwis pue 82J0} Ul suopenbal Jo suopusAuod X X aoueldwo) | 'ZZeS
- ‘splepue)s 0} alsype Jey} seynquue sey ejep Yaym o} esibep sy
i 81qe Aualayip sy} JBUL Bl1ep Jo JIaqUINN=Y 'g/v=X Juspuadsp Wa}sks jo X3
Ayngesip swos jo esnedsq uolelnByuod
@) ,punos, se L|uo palols ejep 10 Jaquinu = ‘g/y=X Jenb ejep juslsyul jo x3 |e1aads 1o ABojouyas) Buioddns pasu oym sjdoad Aq Apenaiped X X AqIsse2y| '1L'2'€'S
‘asn Jo a0 Jidads e Ul passedde 8¢ Ued elep Yajym o} ssibsp syl
P BU) aleym suopradsu| elep Jo Jaquinu=y g/v=X Hep PIsy B J0 Ssauuslng © Ul 9B 1Bl 59U J0 BB JeU) SSINGUE SBY mymwﬂwﬁzﬁmﬂy“%@wﬁowm X sssUjusLIND| §1'E'G
NSl Jpald
2 Jipne |euwlsiul Aq psiius? elep Jo JsquinnN =V ‘8/y| Buienjeas Joy jueq e Agpg pue sni se pspiebsi ale jey) ssinguie sey elep yaym o} saibsp syl X Aaipeln| v Les
pasn eep jo ANiqipalD
us a|qeledwod Joy
) ) ejep Jejiwis ssooe pue Aljus suo BuipieBel ejep Buowe yjoq Jo Jeyye o
INU=g ‘a[l} SU} U] JUSISISUO BIEP JO JaquINU=Y 'g/¥ |8l BIep B Jo Adusis|suoD 50 UB3 J| -55N 10 IXBJU03 JU198dS B Ul BIEP JOUI0 UIM JUSISU03 BB PUE X AausysisuoD | €1°€'G
UORIIPBILOD WOl 881} 8k Jeu} ssinguie sey eyep yajym o} saibsp syl
"8SN JO JUSJU0D
gsvpus Joj painbal ‘eyep jo Jsquinu=y gy eIeD 10 mmmm“h_w M “____.uma. aioeds e Ul seJue)sul AJijus peje|el pue sejnquie psjdedxe |je o} X ssaus)e|dweo) | 'Z'1'e'S
1eP J td 2 sanjeA sey fus ue yum pajeldosse ejep 1aalgns yaiym oy saibsp syl
gsVE au} Yum spiodal Jo Jaquinu=y ‘g/v=X nuEwWES Emc%hﬁ%%m_m
Koeinaoe 85N JO Jx&jUaD
gSVE 8U} UM spiodel Jo Jequinu=y ‘g/y=X a2E1UAS pjal 5 pioasy 2198ds B U JusAs 10 }daduod e Jo sSInguie papusiul U} Jo anjeA aniy X foeinday | LLe's
’ ' au} Jussaldal Kjoa110 Jey) sSINquUue Sey elep Yaym o} ssibsp syl
uonepien ‘vejea | Auend
e1eg uopauny JuawaInsealy jo ojdwexy| aunsea jo ajdwesy u uag uspuadag| ejeq@ |opsualoeiey)|asne|d
weysAs |jusieyul
H o 4 3 a b} q v

ol

163



Annex 3. Field Research Questionnaire

Quality of Information Projects Questionnaire

Questions:

1. What is your area of expertise in the organization you are working in?

Finance/Controlling
Logistics/Distribution
Production
Procurement

Maintenance/Service

Quiality Assurance
Engineering and Infrastructure
Sales/Customer Service
Information Technologies
Human Resources

Other:

AT S@oho o0 o

2. What kind of information project you participate in?
Transaction Processing System (ERP/CRM)

GIS & Map Library

Enterprise Portal & Knowledge Management
Bl & Big Data

Internet Site & Web Application

Document Management System

Mobile Application

Other:

SQ Hhd oo o

3. For how long are you working within the information project?
Less than one year

Between 1 to 3 years

Between 3 to 6 years

Between 6 to 10 years

Over 10 years

®o0 o

4. Are you interested to participate in an interview about quality of information project?
Yes O No o

If Yes, please leave your contact information or give your business card with this
guestionnaire:

Name: Phone:

Email: Company:
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5. Please rank the Importance of the Quality characteristics regarding the information project
types begins with the most importance characteristic (1-Very Important) to the most
unimportance characteristic (5-Unimportant). Please do not use the same importance level
more than 5 times, for each information project.

Importance levels: 1. Very Important, 2. Important, 3. Moderately Important,
4. Of Little Importance, 5. Unimportant

Information projects | ERP& | GIS& | Enterprise Bl & Internet Document Mobile
CRM Map Portal & Big Site & Web | Management | Application
Characteristics Library | Knowledge Data Application | System
Management

1. Accuracy 12345 | 12345 | 12345 12345 | 12345 12345 12345
2. Availability 12345 | 12345 | 12345 12345 | 12345 12345 12345
3. Changeability 12345 | 12345 | 12345 12345 | 12345 12345 12345
4. Correctness 12345 | 12345 | 12345 12345 | 12345 12345 12345
5. Efficiency 12345 | 12345 | 12345 12345 | 12345 12345 12345
6. Flexibility 12345 | 12345 | 12345 12345 | 12345 12345 12345
7. Functionality 12345 | 12345 | 12345 12345 | 12345 12345 12345
8. Interface facility 12345 | 12345 | 12345 12345 | 12345 12345 12345
9. Integrity 12345 | 12345 | 12345 12345 | 12345 12345 12345
10. Interoperability 12345 | 12345 | 12345 12345 | 12345 12345 12345
11. Maintainability 12345 | 12345 | 12345 12345 | 12345 12345 12345
12. Modifiability 12345 | 12345 | 12345 12345 | 12345 12345 12345
13. Performance 12345 | 12345 | 12345 12345 | 12345 12345 12345
14. Portability 12345 | 12345 | 12345 12345 | 12345 12345 12345
15. Reliability 12345 | 12345 | 12345 12345 | 12345 12345 12345
16. Reusability 12345 | 12345 | 12345 12345 | 12345 12345 12345
17. Robustness 12345 | 12345 | 12345 12345 | 12345 12345 12345
18. Scalability 12345 | 12345 | 12345 12345 | 12345 12345 12345
19. Security 12345 | 12345 | 12345 12345 | 12345 12345 12345
20. Supportability 12345 | 12345 | 12345 12345 | 12345 12345 12345
21. Testability 12345 | 12345 | 12345 12345 | 12345 12345 12345
22. Transferability 12345 | 12345 | 12345 12345 | 12345 12345 12345
23. Understandability | 12345 | 12345 | 12345 12345 | 12345 12345 12345
24. Usability 12345 | 12345 | 12345 12345 | 12345 12345 12345
25. Visibility 12345 | 12345 | 12345 12345 | 12345 12345 12345
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10.

11.
12.

13.
14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24,

25.

The definitions of the main quality characteristics are presented in ltalic font below:

Accuracy The capability of the software product to provide the right or agreed results or
effects with the needed degree of precision.

Availability The degree to which a work is operational and available for use as a product or
to users.

Changeability The characterization of the amount of effort to change a system.

Correctness The ease with which minor defects can be corrected between major releases
while the application or component is in use by its users.

Efficiency The capability of the software product to provide appropriate performance,
relative to the amount of resources used understated conditions.

Flexibility The effort required modifying an operational program.

Functionality The capability of the software product to provide functions meet stated and
implied needs when the software is under specified conditions.

Interface facility. The degree to which two software products can be connected successfully.
Integrity The extent to which access to software or data by unauthorized persons can be
controlled.

Interoperability The capability of the software product to interact with one or more specified
systems.

Maintainability The capability of the software product to be modified.

Modifiability Corrections, improvements or adaptations of the software to changes in
environment and in requirements and functional specifications.

Performance The degree to which timing characteristics are adequate.

Portability The capability of the software product to be transferred from one environment to
another.

Reliability The capability of the software product to maintain a specified level of
performance when used under specified conditions.

Reusability The ease with which an existing application or component can be reused.
Robustness The degree to which an executable work product continues to function properly
under abnormal conditions or circumstances.

Scalability The ease with which an application or component can be modified to expand its
existing capabilities.

Security A system is secure if it protects its data and services from unauthorized access and
modification.

Supportability The ability to extend the program, adaptability and serviceability, in addition
to testability, computability, configurability, the ease with which a system can be installed
and the ease with which problems can be localized.

Testability The capability of the software product to enable modified software to be
validated.

Transferability The cost of transferring a product from its hardware or operational
environment to another.

Understandability The capability of the software product to enable the user to understand
whether the software is suitable and how it can be used for particular tasks and conditions of
use.

Usability The capability of the software product to be understood learned, used and attractive
to the user, when used under specified condition.

Visibility A process-related quality meaning that all steps and the current process status are
documented clearly.
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Annex 4. Survey results

Test of the importance of quality characteristics for ERP & CRM group, GIS, Enterprise
Portal & Knowledge Management Group, Bl & Big Data.

Table A4.1
Field Research Average of ERP & CRM Group
ERP & CRM
Characteristics Mean score No. of answers Standard deviation
1. Accuracy 4.7143 21 0.5606
2. Availability 4.3182 22 0.8387
3. Changeability 3.0455 22 1.2141
4. Correctness 4.1818 22 0.7327
5. Efficiency 3.6364 22 1.2553
6. Flexibility 2.9565 23 1.3307
7. Functionality 4.0000 23 1.2060
8. Interface facility 3.5652 23 1.3425
9. Integrity 4.0435 23 1.3973
10. Interoperability 3.4545 22 1.2622
11. Maintainability 3.7391 23 1.1762
12. Modifiability 3.3636 22 1.1358
13. Performance 3.6087 23 1.2336
14. Portability 2.8261 23 1.5271
15.Reliability 4.0870 23 1.0407
16. Reusability 2.8182 22 1.4683
17. Robustness 3.8182 22 1.6224
18.Scalability 3.0909 22 1.1916
19. Security 4.4091 22 0.9591
20. Supportability 4.0435 23 1.0215
21.Testability 3.6818 22 1.2105
22. Transferability 2.3043 23 1.2590
23.Understandability 3.9500 20 1.3563
24.Usability 3.9545 22 1.2527
25. Visibility 3.6818 22 1.1705

Painted green - characteristics which pass through grade 3.5
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Table A4.2
Field Research Average of the Geographic Information Systems Group (GIS)

GIS & Map Library

Characteristics Mean score No. of answers Standard deviation
1. Accuracy 4.4667 15 1.0601
2. Availability 4.3077 13 0.7511
3. Changeability 2.7692 13 0.8321
4. Correctness 3.6429 14 1.2157
5. Efficiency 2.9231 13 1.0377
6. Flexibility 2.8333 12 1.2673
7. Functionality 3.8333 12 1.2673
8. Interface facility 3.7273 11 1.3484
9. Integrity 3.3636 11 1.2060
10. Interoperability 2.3333 9 1.2247
11. Maintainability 3.1667 12 1.5859
12. Modifiability 3.0000 11 1.0954
13. Performance 3.9091 11 1.1362
14. Portability 3.3000 10 1.5670
15.Reliability 4.2500 12 0.8660
16. Reusability 2.5455 11 1.4397
17. Robustness 3.2000 10 1.5492
18.Scalability 3.1000 10 1.1972
19. Security 4.0000 13 1.1547
20. Supportability 3.3571 14 1.2774
21.Testability 3.2500 12 0.9653
22. Transferability 2.6923 13 1.1094
23.Understandability 3.7273 11 1.7939
24.Usability 4.3333 12 1.2309
25. Visibility 4.0000 12 0.9535

Painted green - characteristics which pass through grade 3.5
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Table A4.3
Field Research Average of the Enterprise Portal & Knowledge Management Group

Enterprise Portal & Knowledge Management

Characteristics Mean score No. of answers Standard deviation
1. Accuracy 3.5385 13 0.9674
2. Availability 3.6667 12 1.0731
3. Changeability 3.2500 12 1.2154
4. Correctness 3.3636 11 0.9244
5. Efficiency 3.8000 10 1.0328
6. Flexibility 3.0000 12 1.5954
7. Functionality 3.5000 10 1.4337
8. Interface facility 3.2222 9 1.2019
9. Integrity 3.0000 10 1.4907
10. Interoperability 3.3750 8 1.3025
11. Maintainability 3.5556 9 1.3333
12. Modifiability 2.8889 9 1.0541
13. Performance 4.3000 10 1.2517
14. Portability 2.8750 8 1.2464
15.Reliability 4.2857 7 1.2536
16. Reusability 3.0000 9 1.1180
17. Robustness 3.1429 7 1.7728
18.Scalability 3.2500 8 1.1650
19. Security 3.8182 11 1.2505
20. Supportability 3.8333 12 0.8348
21.Testability 3.3000 10 1.4181
22. Transferability 3.0000 11 1.1832
23.Understandability 4.2222 9 0.9718
24.Usability 4.2000 10 1.2293
25. Visibility 4.4444 9 0.8819

e Painted green - characteristics which pass through grade 3.5

o Painted yellow- characteristics which reach the grade 3.5
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Table A4.4

Field Research Average of the Bl & Big Data

Bl & Big Data
Characteristics Mean score No. of answers Standard deviation
1. Accuracy 4.0000 18 1.5339
2. Availability 3.6000 15 1.3522
3. Changeability 3.5000 14 1.0190
4. Correctness 3.6154 13 1.1209
5. Efficiency 3.8333 12 1.3371
6. Flexibility 3.0000 13 1.4142
7. Functionality 3.4545 11 1.5725
8. Interface facility 3.0833 12 1.5050
9. Integrity 3.6364 11 1.5015
10. Interoperability 3.2000 10 1.5492
11. Maintainability 3.0000 10 1.4142
12. Modifiability 3.1818 11 1.0787
13. Performance 3.4545 11 1.3685
14. Portability 2.8000 10 1.6193
15.Reliability 4.1818 11 1.4013
16. Reusability 3.1818 11 1.3280
17. Robustness 2.9000 10 1.7920
18.Scalability 2.7778 9 1.3944
19. Security 4.1667 12 1.1146
20. Supportability 3.0000 12 1.2060
21.Testability 3.4167 12 1.0836
22. Transferability 2.9167 12 1.1645
23.Understandability 3.8182 11 1.1677
24.Usability 4.0909 11 0.9439
25. Visibility 3.2727 11 1.3484

Painted green - characteristics which pass through grade 3.5

Painted yellow- characteristics which reach the grade 3.5
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Table A4.5
Field Research Average of the Internet Sites & Web Application Group

Internet Sites & Web Application
Characteristics Mean score No. of answers Standard deviation
1. Accuracy 3.4706 17 1.3747
2. Availability 3.6250 16 1.4549
3. Changeability 2.9375 16 1.4361
4. Correctness 3.4375 16 1.0308
5. Efficiency 3.6000 15 0.8281
6. Flexibility 2.6000 15 1.0556
7. Functionality 3.6000 15 1.4041
8. Interface facility 2.6429 14 1.3363
9. Integrity 3.0714 14 1.3281
10. Interoperability 2.6154 13 1.0439
11. Maintainability 3.5000 14 1.1602
12. Modifiability 3.0000 15 1.0690
13. Performance 3.6000 15 1.5024
14. Portability 3.6154 13 1.3868
15.Reliability 4.1667 12 0.8348
16. Reusability 3.3077 13 1.6013
17. Robustness 3.0833 12 1.5050
18.Scalability 3.0000 13 1.1547
19. Security 4.0000 16 1.2111
20. Supportability 3.4118 17 1.3257
21.Testability 2.7500 16 1.1255
22. Transferability 3.0000 15 1.1952
23.Understandability 3.9333 15 1.0328
24.Usability 4.2667 15 0.9612
25. Visibility 3.8571 14 1.4601

Painted green - characteristics which pass through grade 3.5

Painted yellow- characteristics which reach the grade 3.5
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Table A4.6
Field Research Average of the Document Management Systems Group

Document Management System

Characteristics Mean score No. of answers Standard deviation
1. Accuracy 3.9286 14 1.4392
2. Availability 3.3846 13 1.1929
3. Changeability 3.0769 13 1.1152
4. Correctness 3.1818 11 1.0787
5. Efficiency 3.2500 12 1.4222
6. Flexibility 2.4545 11 1.1282
7. Functionality 3.2727 11 1.4206
8. Interface facility 3.1000 10 1.1005
9. Integrity 3.6667 9 1.1180
10. Interoperability 3.2222 9 1.3944
11. Maintainability 3.3000 10 1.2517
12. Modifiability 2.6000 10 1.2649
13. Performance 3.6364 11 1.1201
14. Portability 2.6000 10 1.5055
15.Reliability 3.7778 9 1.2019
16. Reusability 2.8000 10 1.4757
17. Robustness 3.6667 9 1.4142
18.Scalability 3.1250 8 1.6421
19. Security 3.6154 13 1.5021
20. Supportability 3.1429 14 1.3506
21.Testability 3.3636 11 1.2863
22. Transferability 2.9167 12 1.3790
23.Understandability 3.2727 11 1.6787
24.Usability 3.6364 11 1.6293
25. Visibility 3.0000 10 1.4907

Painted green - characteristics which pass through grade 3.5
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Table A4.7
Field Research Average of the Mobile Application Group

Mobile Application

Characteristics Mean score No. of answers Standard deviation
1. Accuracy 3.6471 17 1.3201
2. Availability 4.2353 17 1.2515
3. Changeability 3.3529 17 1.2217
4. Correctness 3.3529 17 1.1695
5. Efficiency 4.3125 16 0.7932
6. Flexibility 2.8235 17 1.2862
7. Functionality 3.9375 16 1.4818
8. Interface facility 3.9333 15 1.0998
9. Integrity 2.9231 13 1.4412
10. Interoperability 3.6154 13 1.3253
11. Maintainability 4.0714 14 1.0716
12. Modifiability 3.3846 13 1.3868
13. Performance 3.9333 15 0.9612
14. Portability 3.2143 14 1.4239
15.Reliability 3.4286 14 1.3986
16. Reusability 3.3077 13 1.1094
17. Robustness 3.5000 14 1.5566
18.Scalability 3.1538 13 1.4051
19. Security 4.0000 17 1.1726
20. Supportability 3.2941 17 1.3117
21.Testability 3.4706 17 1.4194
22. Transferability 3.7333 15 1.2228
23.Understandability 3.3750 16 1.5864
24.Usability 3.7647 17 1.3477
25. Visibility 3.4000 15 1.5492

Painted green - characteristics which pass through grade 3.5

Painted yellow- characteristics which reach the grade 3.5
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Table A4.8
Field research average of the experts

Experts
Characteristics Mean score No. of answers Standard deviation
1. Accuracy 4.0769 13 1.6053
2. Availability 3.7692 13 1.4806
3. Changeability 3.5000 12 1.1677
4. Correctness 3.9231 13 1.3205
5. Efficiency 3.7692 13 0.9268
6. Flexibility 3.6667 12 0.7785
7. Functionality 4.3846 13 1.2609
8. Interface facility 3.5833 12 0.7930
9. Integrity 3.1818 11 1.1677
10. Interoperability 2.9091 11 1.0445
11. Maintainability 3.6154 13 1.2609
12. Modifiability 3.0000 11 1.2649
13. Performance 3.1538 13 1.2810
14. Portability 2.6154 13 1.5566
15.Reliability 4.1538 13 1.1435
16. Reusability 3.1538 13 0.9871
17. Robustness 3.3846 13 1.0439
18.Scalability 3.1667 12 1.0299
19. Security 3.5000 12 1.3143
20. Supportability 3.2000 10 1.2293
21.Testability 2.2727 11 1.0090
22. Transferability 2.4545 11 1.4397
23.Understandability 3.4545 11 1.3685
24.Usability 3.5000 12 1.6787
25. Visibility 2.9167 12 1.3114

Painted green - characteristics which pass through grade 3.5

Painted yellow- characteristics which reach the grade 3.5

174



Field research average of the mean scores

Table A4.9

Average of the mean scores

Characteristics Mean score Standard deviation
1. Accuracy 3.9803 0.4398
2. Availability 3.8633 0.3675
3. Changeability 3.1790 0.2662
4. Correctness 3.5874 0.3299
5. Efficiency 3.6406 0.4140
6. Flexibility 2.9168 0.3600
7. Functionality 3.7478 0.3600
8. Interface facility 3.3572 0.4197
9. Integrity 3.3608 0.3915
10. Interoperability 3.0906 0.4392
11. Maintainability 3.4935 0.3382
12. Modifiability 3.0524 0.2574
13. Performance 3.6995 0.3462
14. Portability 2.9808 0.3597
15.Reliability 4.0414 0.2924
16. Reusability 3.0143 0.2736
17. Robustness 3.3370 0.3119
18.Scalability 3.0830 0.1425
19. Security 3.9387 0.2918
20. Supportability 3.4103 0.3546
21.Testability 3.1882 0.4556
22. Transferability 2.8772 0.4321
23.Understandability 3.7192 0.3273
24.Usability 3.9683 0.3076
25. Visibility 3.5716 0.5228

Painted green - characteristics which pass through grade 3.5
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Annex 5. Implementation Act at WGS

Wide Geographic Systems (WGS LTD), Israel, is a company with extensive knowledge
and experience in GIS mapping and GPS navigation systems.
During the Implementation three quality assessments were performed for the chosen
project. The improvement in quality score can be seen and compared between the assessments.
1 2"P2 NMMTENR APDWMIRD AR

October 30, 2019

To whom it may be of concern:
This is to certify that Ran Bergmann implemented a pilot of his software application “IPMS™ in our
company WGS LTD. during October 2019.

It is confirmed that Ran Bergmann presented his model for improving information quality and demonstrated
his software application of “IPMS™ (Information Project Management System) in our company.

We used his “IPMS™ software application, in one of our projects. We found it very useful to manage and
monitor our project quality using his software application, in compare 1o other projects. We also kad 2n
excellent user experience.
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Annex 6. Implementation Actin MSU

Annex 6
MINISTERUL EDUCATIEI MUHHUCTEPCTBO ITPOCBEILEHHA
al REPUBLICII MOLDOVA PECITVBJIMKU MOJIJTOBA
UNIVERSITATEA DE STAT MOJIJABCKHM .
DIN MOLDOVA T'OCYIOAPCTBEHHBIU
YHUBEPCUTET
MD-2010, Chisindu M/1-2010, Kumunés
str. A. Mateevici, 60 yn, A. MareeBuu, 60
tel: 57-74-01, fax (373-22) 24-42-48 Ten: 57-74-01, dakc (373-22) 24-42-48

ADEVERINTA

Prin prezenta se confirma:

Ran BERGMANN, cetiitean al Statului Israel, doctorand al Departamentului Informatici a
Universititii de Stat din Moldova, in cadrul tezei de doctorat ,,Asigurarea Calititii Proiectelor
Informationale” a elaborat un Sistem de Management al Proiectelor Informationale (IPMS) destinat
evaludrii si controlului calitatii sistemelor/produselor software,

Care a fost implementat in procesul de instruire la Universitatea de Stat din Moldova,
Departamentul Informatica, Specialitatea Management Informational, disciplina Managementul
Calitatii Software, anul de studii 2019-2020, titular de curs conf.univ., dr. T. Bragaru

Sistemul elaborat IPMS este folosit in procesul de instruire in calitate de:

1. Metamodel de calitate software adaptabil §i extensibil, ce intruneste bazi generalizatad de
cunostinte privind calitatea software, caracteristici, subcaracteristici si metrici de calitate,
inclusiv modele de calitate de baza §i particularizate, metode de masurare si formulele de
calcul a indicilor de calitate conform ISO 25022, ISO 25023;

2. Instrument de simulare a proceselor de masurare, evaluare, raportare si interpretare grafica a
calitatii sistemelor/produselor software in cadrul activitatilor practice si de laborator.

Adeverinta este eliberatd pentru a confirma relevanta teoretica si aplicativd a rezultatelor obtinute
de doctorandul Ran BERGMANN in cadrul tezei de doctor susnumite.

Prorectorul Universititii de Stat din M

Pentru activitatea didactici G0
Otilia DANDARA, 7

Prof.univ. dr.

Tel. +373 67 56 00 49

2 g/r
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Annex 9. Description of the software application

Software application name: IPMS - Information Project Management System.

Development environment: Visual Studio 2013 and Microsoft Visual Studio 2017.

DB versions: Microsoft SQL Server 2014 database and can be accessed with SQL Server

2014 and later.

Reports: The reports for this program were built using Report viewer for Visual Studio.

= General Overview

5-How To

Figure A9.1. Help Window and main menu of IPMS

When the user creates a new project, he enters the project classification data.

The application identifies the appropriate quality model according to the type of project
that the user selects. Then user creates new assessment and the application load the quality
characteristics factors of the model. The user inputs the assessment characteristics values or import
from external Excel file. The application calculates the assessment score. The application analyzes
the project data with the assessments score and display the project quality graph.

BD structure, main menu, and some applications print screens are displayed below:

-Login Screen
-Main Window
-Organisation

- Organisation Lists
- Manage Organisation
- Organisation's Details

-Projects

- Project List
- Manage Project
- Project's Details

- Assessment

- Project Assessment Lists

- Manage Project Assessments
- Assessment's Details

- Quality Characteristics

- Activity

- Activity List
-Manage Activities
- Activity Details

- Activity Steps

-Links
-Quality Statistics
- Admin

User Management
- Settings
= Quality Characteristic
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Figure A9.3. Main Screens Wireframe
% Remote Desktop Connection == 2%
Remote Desktop
~¢) Connection
Computer: 40.114.238.102 -
Username: Test\|IPMS-TEST
You will be asked for credentials when you connect.
'\: Options [ Connect ] [ Help ]
L

Figure A9.4. Remote Desktop Connection to launch the IPMS application on the
cloud
To access IPMS application, send an e-mail to the author's address to receive information

regarding the updated Login and Password.

184



Adrmin Window

Exit | Logout MainWindow Settings | Help
User Name: Password:
[ \ |
Language User Role
[En . ‘ 7
Remove Save Update
Username Language Role Date Deleted Update History
Administrator \ EN \ Admin | \ False \ Historv
Newl RU | Manager 109.12.2019 0:00:00 |False [ Historv
| Ne New I RU | Member 109.12.2019 0:00:00 |False | Historv
Figure A9.5 Admin window
B Information Project Management System (Administrator, EN, Admin) —— | =@ =
Exit | Settings | Lists | Refresh | LogOut | Help About
View Projects For: Organization 1 -
=-Project 10001 - Project 1
Assessment 10001 - Test 1 Eleaicieweagisation
Assessment 10002 - Test 2
-Assessment 10003 - Test 3
Assessment 10010 - Test 4 .
-Project 10004 - Project 2 Ceaiofenioiect
’ Create New Assessment l
Figure A9.6 Main menu window
Information Project 10001 Details o | @ -
Exit | EditProjectData | Tools | Quality Statistics | Print | Help
Item Value . . . Lines -
Number Project 10001 Information Project 10001 Quality Graph
Name: Testl
D i @ Assessment Score
eserpton + Required Quality level
Organization Name: Testl +* * —— Average Assessment Score
Quality Model Matix s
Project Type: =] @
Classification: Modification [}
Department: Production 8 45
Phase: Project Initiation (g
Priority: High I 30
Total Users: 1 £
n 15
Volumn: o
Content @
Quality A it Cycl < 0
uality Assessment Cycle: K ) )
Project Manager. ran Q{LQ e\q‘? e{b“
Crealed Dale 12/10/2019 o & o
Established Date: 12/10/2019
Modified Date: 231012019 Time
Active True

Show Average Assessments score

Show Required Quality Level

Quality Required Quality Level Last Assessment Score: Average Assessment Score:
80 88.00 7667
'WBS Bement No.: WBS Element Completed: WBS Element Completed %:
Scope
100 50%
Project Budget: Project Actual Cost: Project Budget Balance:
Cost 100000 50000 50000
Time Required Delivery Date: Actual Delivery Date: Remaining Delivery Date:
317107219 3171072019 o

Figure A9.7. Information project details
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BB Information Project Quality Statistics

(=@ = |

Exit | InformationProjectData | Project Assessmentlist | Help

Information Project Quality Graph

Project Graph | Project's Assessment Graph

Assessment 10001 Characleristics Quality Graph

[
;%‘;%%

Cp,
26
R,
L
%

Quality Characteristics Name
@,

Assessment Characlerislic Values

12/10/2019 - Assessment 10001

-8

B Assessment Score
[ Required Quality Level

Figure A9.8. Information project quality statistics

Information Project 10001 Assessment 10001 Quality Characteristcs (Matri) = |0 s
Ext | Save | AssessmentDetails | View Quality Characteristics Factors External Tools | Help E
Quality Charactenstics: Factor Value: Assessment Charactenstic Values
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Figure A9.9. Value of assessment quality characteristics

Information Project 10001 Assessment 10001 Details — = |- ]
Exit | Edit AssessmentData | Quality Characteristics | Print | Help
tom Vol A t 10001 Characteristics Quality Graph
Number Assessment 10001 ssessmen aracteristics Qua Ity rap
Name: Assessment 1
Description: Assessment 1 for test ®
Quality Model: Matrix 2
Project Type: BI Z
Assessment Type: Technical B
Group: Internal Assessments %
o

Project Phase: Project Initiation E
Status: Open o
Reference Number E
Assessment Date 01/01/2020 @
Summary: ﬁ
Score: 56.64 <
Awuditor: Quality Characteristics Name
Reviewer:
Approver:
Created Date: 12/01/2020
Modified Date: 12/01/2020 ) TS r'—
User: ranib
Deleted: False Assessments Notes B

Create New Assessments E’

Proj Activities List

Create New Activity ﬂ
1 1 [

Figure A9.10. Information project assessment details

I3 Information Project Type and Quality Characteristics Matrix o @ =
Exit | Save | Help

Information Project Type: Bl

Bl [CRM [bms |Erp | Experts |ais | Mobile Appiication | Portal | web Appiication |
Quality Characteristics ID Quality Characteristics Name Factor Value Is Active =
» Accuracy 4.00
2 Availability 3.60
3 Changeability 350
4 Correctness 3.62
5 Efficiency 383
6 Flexibility 3.00
7 Functionality 345
8 Integrity 3.08
9 Interoperability 364
10 Maintainahility 320
1 Modifiability 300 E
12 Performance 318
13 Portability 345
4 Reliability 280
15 Reusability 418
16 Robustness 318
17 Scalability 290
18 Security 278
19 Supportability 417
20 Testability 3.00
21 Transferability 342
22 Understandability 292 L
23 Usability 382
24 Visibility 409 Il

Figure A9.11. Information project type and quality characteristics matrix
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=@ = |

[ Organisations List e o S =
Exit | Create New Organization | Information Projectlist | Settings | Help
Search for or Search Show inactive organizations
Organization ID O ization Name Organization Type Active Default
v [o] at Educational institutions £
Organization 10005 Orgal nB Educational instituti ]
Organization 6 Organization C Educational institutions E2)

Figure A9.12. Example of Organizations list

[ Information Project List o =
Exit | Create New Project | Help
Search for Information Projects Search Show inactive projects [#] Show default organization
Information Project No Project Name Infc tion Project Type Organi Name Active
» Project 10001 Bl |Orqanization 1 ]
Project 10004 Project 2 Portal Organization 1 e
B Information Project 10001 Assessment List =
Exit | Create NewAssessment | View Last Assessments | Quality Statistics | Help
ch fo Search Show Deleted Open ~ 04/01/2020 B~
A No Assessments Name A Type A Group A Date
4 Assessment 10001 Bl Internal A .. | 121102019
Assessment 10002 Test2 BI Internal A ... |23/10/2019
Assessment 10003 Test3 BI Internal A _.. | 24/10/2019
Assessment 10010 Test4 BI Internal Assessments ... | 18/11/2019
Figure A9.14. Example of Assessment list
{8 Information Project 10001 Quality Activity List =
Exit | Create New Activity | View Last Activity | Information Project Details |  Help
Project Search Open ~ 17/01/2020 @-
Activity Type Activity Purpose Activity Priority Status
Requil it Very High Open
Activity 10002 Req it Very High Open
Activity 10003 Req it Very High Open
Activity 10004 Req it Very High Open
Activity 10005 Requi 1t Very High
Activity 10006 equirement Very High

Figure A9.15. Example of Quality Activity list
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-
Information Project 10001 Quality Activity 10001 Details

NEI-E)

Back | Edit Activity Data Edit Activity Steps | Help
Iltem Value Activity Steps:
Activity Number: Activity 10001
Assessment Number: Assessment 10001
Description:
Activity Type: Requirement
Priority: Very High
Status: Open
Reference Number:
Purpose: -
Responsible: Activity Summary:
Reviewer:
Approver:
Budget:
Start Date: 12/01/2020
Due Date: 12/01/2020
Created Date: 12/01/2020
Modified Date: 12/01/2020
Deleted: False Activity Links
Activity Notes E,.
Figure A9.16. Example of Quality Activity details
[ Settings - ——— A —— % — =
Exit | Save | Quality Characteristics Matrix Quality Models |
Tables Settings Organization Types
Organization Types Organization Type ID Organization Type Name (EN) Organization Type Name (RU)
N copowtor KopnopaLn
B Educational instituti .. |OBpazoBaTen YUpeXOeHnA
C G MpaBuTenscTeO
_ E Non—proﬁtrmganization L pyecKan opraHM3auva
F Partnerships [NapTHepckKe oT
.
I
oSy
Qualty Charsctorisics
[erEyEERR R STy
(G2 e O T E 7R SRS T |
.
e
Assessment Graups |
AchiyTypes
N
00000
AttachmertCategoy
eoeres |

Figure A9.17. Tables Settings
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Exit |

Refresh O Bxcel |

Tailored Qu

Help

Tailored Quality Model (Administrator, EN, Admin)

Standard 1

Characteristics A
= Sub Characteristics A1
Matrics A1.1
= Sub Characteristics A2
- Matrics A2.1
Matrics A2.2
= Sub Characteristics A3
- Matrics A3.1
= Sub Characteristics A4
Matrics A4.1
= Sub Characteristics AG
- Matrics A5
Matrics A5.2
Characteristics B
= Sub Characteristics B1
Matrics B1.1
Characteristics C
- Matrics ©0.1

Create New Standard

Create New Quality Model

Add Characteristics

Add SubCharacteristics

Add Metrics

Figure A9.18. Example of Tailored Quality Model
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