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Abstract. High maturity in software development involves statistically controlling the
performance of critical subprocesses and using the predictability thus gained to manage
projects with better precision and control. Maturity models such as CMMI mention sta-
tistical and other quantitative methods, techniques and tools supporting high-maturity
project management, but do not provide details about their use or available types. Thus,
knowledge is lacking on this area. The goal of this study is to identify methods, tech-
niques and tools which can assist in high-maturity software project management. By
conducting a systematic literature mapping, we identified 108 papers describing 153
contributions. We describe the contributions identified, classifying them by their type,
their software technology maturation phase, the method by which they were evaluated,
the development methods and characteristics which they support, and the process/in-
dicator areas to which they were applied. We hope this work can help fill the knowledge
gap on the statistical and other quantitative methods, techniques and tools actually being
proposed, evaluated, experimented with and adopted by organizations to support quan-
titative high-maturity software project management.

Keywords: Quantitative project management, high maturity project management.

Resumo. A alta maturidade no desenvolvimento de software envolve controlar o de-
sempenho dos subprocessos criticos e utilizar a previsibilidade adquirida para gerenciar
os projetos com melhor precisdo e controle. Modelos de maturidade como o CMMI men-
cionam métodos, técnicas e ferramentas estatisticas e quantitativas que apoiam a gerén-
cia de projetos na alta maturidade, porém nao fornecem detalhes sobre sua utilizagdo ou
tipos disponiveis. Portanto, existe uma demanda por conhecimento na area. O objetivo
deste estudo é identificar métodos, técnicas e ferramentas que possam auxiliar na gerén-
cia de projetos na alta maturidade. Através de um mapeamento sistematico da literatura,
foram identificados 108 artigos descrevendo 153 contribui¢des. As contribui¢cdes foram
descritas e classificadas por tipo, fase de maturagdo tecnolégica, método pelo qual foram
avaliadas, métodos e caracteristicas de desenvolvimento que apoiam, e processos e areas
de medicdo nas quais foram aplicadas. Esperamos que este trabalho possa contribuir
com informacdes sobre os métodos, técnicas e ferramentas estatisticas e quantitativas
sendo propostas, avaliadas, experimentadas e adotadas pelas organizacdes para apoiar
a geréncia de projetos na alta maturidade.

Palavras-chave: Geréncia quantitativa de projetos, geréncia de projetos na alta maturi-
dade.
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1 Introduction

Software development companies seek capability and maturity models such as CMMI
(CMMI PRODUCT TEAM, 2010) as a way to improve their processes maturity and their
products quality. To achieve high maturity levels (such as levels 4 and 5 of CMMI), soft-
ware organizations must statistically control the performance of their critical subpro-
cesses and apply the predictability thus gained to perform quantitative project manage-
ment with better planning precision and monitoring control (CMMI PRODUCT TEAM,
2010).

Project management involves applying knowledge, skills, tools, and techniques to the
activities of a project to meet its requirements, achieving quality and performance goals,
usually regarding defects, schedule, resources and cost restrictions (PROJECT
MANAGEMENT INSTITUTE, 2017).” Traditional” project management practices, found
on project management bodies of knowledge, methods, standards, and maturity models,
such as PMBOK - Project Management Body of Knowledge (PROJECT MANAGEMENT
INSTITUTE, 2017), PRINCE2 - PRojects IN a Controlled Environment (AXELOS, 2017),
ISO 21500 (ISO, 2012) and PMMM - Project Management Maturity Model (CRAWFORD,
2006) - which consist of preparing project plans and analyzing collected measures, and
comparing the obtained results against the plans - are not enough to achieve the pre-
dictability needed for high maturity (FENTON et al., 2004). Instead of reactively making
action plans when the values obtained do not match the planned ones, high-maturity
project management avoids the problems proactively by predicting them before they
occur (BHARATHI; SHASTRY; RAJ, 2012).

To achieve high maturity in software development, software organizations need to
analyze their historical data and understand and control their critical subprocesses to
gain knowledge about their statistical stability, performance limits, and capability, and
to establish feasible organizational improvement goals for those subprocesses. Project
managers must evaluate whether quality and performance project goals are in accord-
ance with the performance, capability and improvement goals of the organization’s sub-
processes, and build the project process taking into consideration the performance of its
subprocesses, in order to better meet quality and performance project goals. Likewise,
project managers must monitor project process performance against the performance
and capability of the organization’s subprocesses (CMMI PRODUCT TEAM, 2010).

There are several methods, techniques and tools which can support software organi-
zations in analyzing and controlling their critical subprocesses and in performing quan-
titative high-maturity project management. Maturity models such as CMMI provide
some guidance in this matter, suggesting several of them. Regarding statistical tech-
niques, the model cites process performance models, process performance baselines, sta-
tistical process control charts, regression analysis, variance analysis, prediction intervals,
hypothesis testing, simulation, sensitivity analysis, and time series analysis. Regarding
other quantitative techniques, the model mentions scatterplots, histograms, box and
whiskers plots, Ishikawa diagrams, and Pareto analysis (CMMI PRODUCT TEAM,
2010).

However, many companies report difficulties in achieving high maturity and quanti-
tatively managing projects. The most commonly reported difficulties are: the effort to
gather, understand, analyze, and scrub data to ensure its integrity (GONCALVES, L. et
al., 2012; LEE, Dalju; BAIK; SHIN, 2009; SCHOTS et al., 2014; SHARMA, D. et al., 2016;
TAKARA et al,, 2007); the amount of historical data needed to achieve confidence in
statistical analysis (GOU et al., 2009; LEE, Dalju; BAIK; SHIN, 2009); the need for solid
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correlation between organizational and project goals, critical subprocesses that support
those goals, and the things being measured to provide insight into the performance of
subprocesses (GROSSI; CALVO-MANZANO; SAN FELIU, 2014; LEE, Dalju; BAIK;
SHIN, 2009; SHARMA, D. et al., 2016; TAKARA et al., 2007); and the need for project
managers and process groups to consult specialists for appropriate guidance on statisti-
cal knowledge (CARD; DOMZALSKI; DAVIES, 2008; GONCALVES, L. et al., 2012; GOU
etal., 2009; LEE, Dalju; BAIK; SHIN, 2009; SCHOTS et al., 2014; SHARMA, D. et al., 2016;
TAKARA et al., 2007).

Therefore, high-maturity project management is not a trivial task and one related
problem is the absence of more detailed information about statistical and other quanti-
tative methods, techniques and tools (e.g., control chart types and simulation algorithms
available). In technical report, we use the systematic literature mapping (SLM) method
(KITCHENHAM; CHARTERS, 2007, PETERSEN et al, 2008; PETERSEN;
VAKKALANKA; KUZNIARZ, 2015) to identify available studies to answer research
questions regarding different methods, techniques and tools which can assist in high-
maturity project management. We believe this knowledge can help software process im-
provement initiatives to choose and use statistical and other quantitative methods, tech-
niques and tools more appropriate to their context and needs.

The remainder of this paper is organized as follows. Section 2 describes basic princi-
ples of project management in high maturity. Section 3 describes the SLM method used
in this review. Section 4 describes the execution of the review, including quality assess-
ment of papers. Section 5 presents the analysis of the results of the review including an
overview of the papers found. Section 6 describes related work. Section 7 discusses the
threats to the validity of this work. Finally, Section 8 presents conclusions.

2 Project Management in High Maturity

The first step towards high maturity levels (Level 4 - Quantitatively Managed, and Level
5 - Optimizing of CMMI) is to identify organization’s critical subprocesses which impact
the achievement of the organization’s goals, and statistically control their performance.
Statistical process control (SPC) is a methodology for controlling process quality and
performance, assisting in identifying problems, and taking actions in order to stabilize
process performance (CMMI PRODUCT TEAM, 2010; FLORAC; CARLETON, 1999).

A process can have two possible types of variation. Common-cause (or chance cause)
variation, characterized by a stable and consistent pattern of measured values over time,
is the result of normal or inherent interactions among the people, machines, materials,
environment, and methods of a process. Special-cause (or assignable cause) variation,
characterized by sudden or persistent abnormal changes in one or more process compo-
nents, involves events that are not part of the normal process (FLORAC; CARLETON,
1999; WHEELER, 2000).

There are several techniques which can be used to support statistical process control,
with the most popular one being control charts as proposed by Shewhart (SHEWHART,
1931). These charts show data collected from process executions ordered by time, mak-
ing it possible to analyze process performance, stability and capacity. A typical control
chart contains a center line representing the mean value of the process attribute, and two
horizontal lines: the upper control limit (UCL) and lower control limit (LCL).
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Nelson proposed eight rules which have been frequently adopted to help identify
special-cause variations (FLORAC; CARLETON, 1999; NELSON, 1984, WHEELER,
2000). Each special-cause variation should be analyzed to identify its causes. Action
plans should then be developed to address those causes and avoid (in the case of worse
performance) or ensure (in the case of better performance) the abnormal behavior. This
cycle goes on until there are no special-cause variations in a considerable number of ex-
ecutions and the process is under control or stable. A stable process is a process with
predictable performance, costs and quality and measurable change effects (CMMI
PRODUCT TEAM, 2010; FLORAC; CARLETON, 1999).

The second step towards high maturity levels is generating performance baselines for
critical subprocesses using data from past executions to manage future executions. Sub-
process performance baselines can be used in project planning and monitoring in many
ways, e.g. to avoid accepting or establishing unfeasible project quality and performance
objectives; to decide which subprocesses will be combined into the project process in
order to achieve project quality and performance objectives; to select a resource alloca-
tion having better chances to achieve project quality and performance objectives; to as-
sess the risks in achieving project quality and performance objectives; to identify project
performance issues in a quantitative manner, and to monitor action plan results. Project
data alone can also be used to generate project performance baselines, which usually
present less variation than subprocess performance baselines with data from different
projects, allowing abnormal performance issues to be identified sooner (CMMI
PRODUCT TEAM, 2010; FLORAC; CARLETON, 1999).

The third step towards high maturity levels is creating performance models to assist
project management. A performance model allows identifying statistical correlations be-
tween different activities or project attributes and helps gaining better understanding of
the processes (CMMI PRODUCT TEAM, 2010). One example is finding the correlation
between time spent on requirements peer reviews and the number of defects found later,
in software tests. Performance models can be used in project management to predict and
estimate project outcomes, helping to develop more accurate plans to achieve project
quality and performance objectives, quantitatively predict project performance issues
before they occur, and predict the results of action plans.

Many different statistical and other quantitative methods, techniques and tools can
be applied in these three steps to support high-maturity project management, such as
the use of a specific control chart, or a specific method to generate process performance
baselines, or specific statistical performance models.

3 Research Method

A systematic literature review (SLR) is a means of identifying, evaluating and interpret-
ing the available research related to a research question, topic area, or phenomenon. The
main purpose for conducting a systematic literature review is to gather evidence on
which to base conclusions (KITCHENHAM; CHARTERS, 2007). A systematic literature
mapping (SLM) adopts the same rigor as an SLR but its main purpose is to map the
available evidence when no conclusions can be reached (PETERSEN et al., 2008;
PETERSEN; VAKKALANKA; KUZNIARZ, 2015).

To conduct this SLM, we used the guidelines proposed by Kitchenham and Charters
(2007) and Petersen et al. (2008; 2015). These guidelines define several steps grouped in
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three phases (Figure 1). It is important to note that this process is incremental, undergo-
ing iterations and adjustments as greater understanding is gained of the topic being
studied.

The following subsections detail important aspects of the research protocol related to
the steps involved in SLM. The first step in SLM is identifying a need, which in our case
is reinforced by the absence of any similar study providing a systematic mapping of the
methods, techniques and tools supporting high-maturity project management, and the
difficulties described by experience reports indicating that high-maturity project man-
agement is not a trivial task.

Papers search and results recording using

search engines and a reference manager
software;

Planning SLM Conducting SLM Reporting SLM

Duplicates removal;

# |dentification of the  « Comprehensive, * Report-writing
Selection of control papers though need for an 5Lm Q?i:::m:teuz‘?:;m fO'Q First filtering using selection and exclusion
free search and papers' full text * Formulation of a P ‘ v criteria by reading the title and abstract of
readings: research goal and » Quality assessment of each paper;
85; ; " g
research questions included studies
» Development of the s Data extraction to
) _ search protocol answer research Second filtering using selection and
Search ST elaboration and tests p *Search protocol questions exclusion criteria by reading the full text of
against control papers. testing and evaluation each paper.

Figure 1. Steps and phases of Systematic Literature Mapping (SLM), adapted from
(KITCHENHAM; CHARTERS, 2007)

3.1 Research goal and research questions

The next step in SLM is elaborating its goal to fulfill its need. The goal of the present
study, stated according to the GQM paradigm (BASILL; CALDIERA; ROMBACH, 1994),
is:

Analyze quantitative project and process management improvement proposals and experi-
ences in software engineering for the purpose of identifying methods, techniques and tools with
respect to managing projects and process quantitatively from the point of view of software
organizations in the following context: high maturity.

Based on the research goal, we formulated several research questions to be answered.
The primary research question can be seen in Table 1 as RQ1. To better characterize the
methods, techniques and tools identified, secondary research questions were also estab-
lished (RQ2 to RQ13 in Table 1).

Table 1. Primary and secondary research questions
RQ1. What are the methods, techniques and tools available which can assist in quantitative project management
in high maturity context?
RQ2. What is the type of the proposed/used methods, techniques or tools?
RQ3. What existing methods, techniques or tools are being used to compose the proposed methods, techniques
or tools?
RQ4. What adaptations or improvements were suggested in existing methods, techniques or tools?
RQ5. What are the expected inputs and produced outputs of the proposed methods, techniques or tools?
RQ6. What were the processes / indicators / metrics used with the proposed methods, techniques or tools?
RQ7. Do the proposed methods, techniques or tools assist in some area, domain or development method?
RQ8. In case the proposed methods, techniques or tools were developed based in historical data, what are the
data sources?
RQ9. What were the evaluation techniques applied to the proposed methods, techniques or tools?
RQ10. In case of performance comparisons, what other methods, techniques or tools are compared to the pro-
posed methods, techniques or tools?
RQ11. What are the conclusions about the proposed methods, techniques or tools?
RQ12. Were the proposed methods, techniques or tools used in ongoing projects?
RQ13. What are the observed results of applying the proposed methods, techniques or tools?

RelaTe-DIA: Methods, Techniques and Tools to Support Software Project Management in High
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3.2 Data sources selection, search period and languages

We initially selected as possible data sources the search engines: IEEE Xplore,! Scopus,?
ISI Web of Science,® EI Compendex,* and the ACM Digital Library.> Since many of those
search engines have repeated editors and papers, we evaluated their coverage though
previous studies (KITCHENHAM; CHARTERS, 2007, MATALONGA, Santiago;
RODRIGUES; TRAVASSQOS, 2017; OLIVEIRA et al., 2017; SILVA; COSTA VALENTIM;
CONTE, 2015) and decided to keep the first four ones.

We did not manually include any conferences or journals because none of them co-
vers the specific topics of statistical process control or quantitative high-maturity project
management.

We decided on a period of fifteen years, identifying the methods, techniques and tools
proposed, evaluated, experimented with and adopted during that period. We assume
that, if some method, technique or tool proposed before that period had good ac-
ceptance, it would probably be mentioned in experience reports of the last fifteen years.
Therefore, the search period is from 2003 to 2017.

We selected as languages Portuguese, English and Spanish, since those are the ones
which the authors can understand.

3.3 Search string

To start the research, we did some exploratory readings. A fellow researcher had a group
of papers selected on a previous research on statistical process control area (not neces-
sarily project management related). The first author of this research read those papers
and applied the same selection criteria and steps to select the ones that would become
part of a control group (marked with * in Table Al in Appendix A), used to evaluate
the search string coverage.

The purpose of these exploratory readings was to become familiar with the type of
information reported by the papers, in order to provide guidance on inclusion and ex-
clusion criteria and refinement of the research questions. In addition, the keywords of
the selected papers were used to help expand the search string with equivalent terms.

The defined search string can be observed in Table 2, in ISI Web of Science format.
We based our search string definition on the PICOC (Population-Intervention-Comparison-
Outcome-Context) methodology (PETTICREW; ROBERTS, 2006). Our population is quan-
titative project and process management improvement proposals and experiences in
software engineering. Our intervention is the available methods, techniques and tools
which can assist in quantitative high-maturity project management. Since these might
be of several types, such as tools, processes, control charts, performance models, or
frameworks, we decided not to include their types in the search string, simply mapping
all types found. Comparison is not usually performed in SLM, since the purpose of SLM
is to map the available evidence when no conclusions can be reached. Our outcome is the
results obtained by the intervention. Since our goal is to identity interventions and their

http:/ /ieeexplore.ieee.org

http:/ /www.scopus.com

http:/ /apps.webofknowledge.com
http:/ /www .engineeringvillage.com
5 http://dlacm.org
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results, we decided not to restrict the search to a specific type of outcome, simply map-
ping them as well. Our context is high maturity.

Therefore, we defined our search string strongly based on the population and the
context. The first part of the search string (before the AND) has the purpose of limiting
the results to the area of Software Engineering. The second part of the search string (after
the AND) has the purpose of limiting results to the high-maturity context, by narrowing
the papers to those involving quantitative project management (since they might ad-
dress the high-maturity context), quantitative process management (since they might
apply to project management in the high-maturity context), high maturity levels and
statistical process control (since they might describe some approach that can assist in
high-maturity project management).

Whenever the search engine offered the possibility to filter data by type, we used that
to narrow down the population to articles from journals and papers from conference
proceedings. Whenever the search engine offered the possibility to filter data by research
area we used that to narrow down the population as close as we could to Software En-
gineering.

Table 2. Search string in ISI Web of Science format
(("software process" OR "software development" OR "software maintenance" OR "software engineering” OR
"CMMI" OR "CMM")
AND
("quantitative project management" OR "quantitative process management" OR "quantitative management" OR

"high maturity" OR "statistical process control" OR "statistical control" OR "statistical management" OR "con-
trol chart" OR "level 4" OR "level 5"))

We did not restrict papers to ones addressing project management explicitly. Papers
which did not address project management, but which did present a method, technique
or tool at the organizational level which could also assist in quantitative high-maturity
project management, were selected.

3.4 Paper selection and quality criteria

Selection of papers followed the guidelines proposed by Kitchenham and Charters
(2007) and Petersen et al. (2008; 2015), using the steps shown in Figure 1. Before perform-
ing the present study, the established protocol was reviewed and approved by the sec-
ond author, who has more experience in SLR.

After the exhaustive search on the data sources using the search string, the papers
found were recorded and analyzed. We defined selection criteria to help in identifying
those papers which provide direct evidence about the research questions, and to reduce
the likelihood of bias (KITCHENHAM; CHARTERS, 2007). The first filtering considered
only the title and abstract of the papers. The second filtering considered the full-text
reading of the papers. In both filters, papers were included if they matched one of the
inclusion criteria (Table 3) or excluded if they matched certain exclusion criteria (Table
4). The selection criteria evolved during the selection process, as the understanding of
the search area improved.

RelaTe-DIA: Methods, Techniques and Tools to Support Software Project Management in High
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Table 3. Inclusion criteria
IC1. The paper addresses high-maturity project management.
IC2. The paper addresses quantitative project management which can be applied to high-maturity project man-
agement.
IC3. The paper addresses statistical process control (SPC) mentioning methods, techniques or tools which can
be applied to high-maturity project management.
IC4. The paper addresses statistical methods, techniques or tools which can be applied to high-maturity project
management.

Table 4. Exclusion criteria
EC1. The paper does not address high-maturity project management or present any statistical methods, tech-
niques or tools that can be applied to high-maturity project management.
EC2. The paper does not have an abstract.
EC3. The paper is only an abstract.
EC4. The paper is not written in English, Portuguese or Spanish.
ECS5. The paper is a copy or older version of an already considered paper.
EC6. The paper is not peer-reviewed (such as editorials, summaries of keynotes, tutorials).
EC7. The full text of the paper could not be accessed.
EC8. The paper is not about the area of software engineering.

To evaluate the selected papers, we defined quality criteria (Table 5), based on re-
views and guidelines found in (IVARSSON; GORSCHEK, 2011; KUHRMANN et al.,
2015; SHAW; SHAW, 2003). We adapted the criteria found in those studies to better clas-
sify the papers identified.

Table 5. Quality criteria
QC1. Does the paper state its goal or research goal clearly? (1. No; 2. Yes)
QC2. What is the study design? (1. Empiric; 2. Experience report; 3. Theoretical)
QC3. What were the scientific methods used to evaluate the proposed methods, techniques or tools? (1. None;
2. Example; 3. Experience; 4. Evaluation with feasibility and pilot studies; 5. Analysis.)
QC4. What research methods are used by the paper? (1. None; 2. Survey; 3. Action research; 4. Case study; 5.
Experiment)
QC5. Which describes best the paper? 1. Reports an experience; 2. Reports an opinion without fundamental
research; 3. Proposes a method, technique or tool; 4. Proposes and uses a method, technique or tool in aca-
demia; 5. Proposes and uses a method, technique or tool in one industry case; 6. Proposes and uses a method,
technique or tool in more than one industry cases.

We believe one information that is helpful to guide the selection of which methods,
techniques and tools to assist on high-maturity project management is their technologi-
cal maturity. Redwine and Riddle (1985) proposed a model for the way software engi-
neering technology evolves from research ideas to widespread practice. They defined
six software technology maturation phases, as can be seen on Figure 2.

Quality criteria QC3, QC4 and QC5 were used together with RQ12 as evidence to
classify the methods, techniques and tools identified in one of the maturity maturation
phases. The classification rationale can be seen on Figure 2 and involved only the phases
possible to identify by the information papers provide. Therefore, only the phases “Con-
cept Formulation”, “Development and Extension”, “Internal Enhancement and Explo-
ration” and “External Enhancement and Exploration” were considered.

RelaTe-DIA: Methods, Techniques and Tools to Support Software Project Management in High
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» Investigation of ideas and concepts.
» General recognition of problem.

B » Discussion of problem scope and nature.
Basic Research

Appearance of a Key Idea Underlying the Technology or a Clear
Articulation of the Problem.

+ Informal ciculation of ideas

* Convergence on a compatible set of ideas
Concept » General publication of solutions to parts of the problem.
Formulation

Clear Definition of Solution Approach wia a Seminal Paper or a
Demonstration system.

~
» Trial, preliminary use of the technology.
= Clarification of the underlying ideas.
DLl * Extension of the general approach to a broader solution.
Extension
S

Usable Capabilities Becames Available

* Major extension of general approach to other problem domains.-\
* Use of the technology to solve real problems.
= Stabilization and porting of the technology.

Internal + Development of tranining materials

Enhancement and
Exploration

« Derivation of results indicating value

5hift to Use Outside of Development Group.

» Extension of "Internal Enchancement and Exploration” but with &
External broader group, including non-developers.

Enhancement and

The identified method, technigue or tool is described and
explained in the paper, but it is not evaluated. Usually, in
those cases, the authors provide several examples to further
explain it.

The identified method, technique or tool is described,
explained and evaluated in the paper with historical data
Usually, in those cases, the authors conduct case studies with
historical data to evaluate the results obtained by its
application.

The identified method, technigue or tool is described,
explained and evaluated in the paper with an experiment.
Usually, in those cases, the authors conduct experiments and
report the results obtained from its use.

The identified method, technique or tool is described,
explained and evaluated in the paper, along with its use in a
real project or organization. Usually, in those cases, the
authors conduct case studies and report the results obtained
from its use.

Exploration /

Substantial Evidence of Value and Applicability.

~
» Development of production-guality supported versions of the
technology.
= Comercialization and marketing of the developed product.
Popularization = Expansion of user community.
"y

Propagation Throughout 40% of the Community.
Propagation Throughout 70% of the Community.

Figure 2. Software Technology Maturation Phases, adapted from (REDWINE; RIDDLE,
1985), and methods, techniques and tools classification rationale

4 Execution

After the approval of the protocol, we performed the search on selected search engines
and found 793 papers. All papers found were recorded using the Mendeley® software
and analyzed in a Google Sheet” spreadsheet. Figure 3(a) shows the number of papers
selected in each step of the selection process. Figure 3(b) shows the distribution of the
108 selected papers among the search engines, and Figure 3(c) shows the distribution of
the papers for each selection filtering step for each year.

EI Compendex found 95 papers out of 108, which was the best coverage (87.96%).
Scopus found 89 papers out of 108, which was the second best coverage (82.41%), but
only 8 papers found by Scopus were not in the 95 ones found by EI Compendex. To-
gether, EI Compendex and Scopus found 103 papers out of 108. ISI Web of Science found
45 papers out of 108, but only two of them were not included in the 103 papers found by
EI Compendex and Scopus. IEEE Xplore found 38 papers out of 108, but only three of
them were not included in the 103 papers found by EI Compendex and Scopus. The

6 https://www.mendeley.com

7 http://sheets.google.com
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spreadsheet with all the steps and extractions performed can be found at
https://goo.gl/edNsl6.

The search string has a precision of 28.20% (108 papers selected from 383 papers),
thus selecting between one quarter and one third of the papers. The sensitivity of the
search string is equal or less than 100%, since all control group papers were found.

The first analysis we performed was the quality analysis, with the purpose of evalu-
ating the quality of the 108 selected papers. Table Al in Appendix A shows the IDs,
references and answers to the five quality criteria for the selected papers. We decided to
sum up the answers into a quality score. Although this approach gives more impact to
the criteria with more possible answers, we merely wanted to identify those papers that
had extremely low scores. The result can be seen on Figure 4(a).

We found 11 papers with a score of less than 10 (marked with 4 in Table Al). Those
papers propose or report some experience with a method, technology or tool that could
assist high-maturity project management, but they do not evaluate it as expected aca-
demically. It is interesting to note that seven of those 11 papers with low quality score
were published between 2006 and 2003, which demonstrates that this period has more
papers without appropriate evaluation. After some consideration, we decided not to ex-
clude those 11 papers because we want to include experience reports. Instead, we de-
cided to use QC3 and QC4 to analyze the papers to identify the method applied to eval-
uate each method, technology or tool, highlighting the ones lacking better evaluation.
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Figure 3. Distribution of papers selected

RelaTe-DIA: Methods, Techniques and Tools to Support Software Project Management in High
Maturity 12


https://goo.gl/edNsl6

The second analysis performed was the software technology maturation phase of
each identified method, technology or tool, according to the criteria on Figure 2, also
shown in Table Al in Appendix A, and on Figure 4(b). A great amount of papers pro-
vides evidence of their adoption, therefore being on the External Enhancement and Explo-
ration phase, although this does not mean they were appropriately evaluated.

5 8 9 1011 12 13 14 15 16 17 18 19 20

Quality score

(a)

Internal Enhancement and Exploration Coneent Formulation

External Enhancement and Exploration

Development and Extension

(b)

Figure 4. Quality score and software technology maturation phase of papers selected

5 Analysis of Results

The 108 selected papers were classified and analyzed against all the research questions.
The first characterization is author affiliation. Authors were classified by country, and
by whether they were from academia (universities or research organizations) and/or
from industry (either companies developing software or consultancy companies serving
them). A single paper could be classified in multiple categories. The results are shown
in Figure 5(a). The USA and India are the countries with the most papers selected (31
and 19, respectively), and they have close numbers of papers from academia and indus-
try, which suggests a strong collaboration between practitioners and researchers.

The second characterization is publication type. Figure 5(b) shows that 55 papers out
of the 108 selected papers (50.9%) were published at conferences or symposiums, 2 pa-
pers (1.9%) were published at workshops, and 51 papers (51%) were published in jour-
nals. Figure 5(c) details the number of papers published per journal. The journals with
more publications are IEEE Software (with 9 selected papers), followed by Cross-Talk
(with 6 selected papers), and Software Quality Journal (with 5 selected papers).
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Figure 5. Author affiliation, publication type and journal distribution

RQ1. What are the available methods, techniques and tools which can assist in quantitative pro-
ject management in high maturity context?

From the 108 selected papers, we identified 153 contributions (methods, techniques
and tools) which can assist in quantitative high-maturity project management. We clas-
sified them by type (answering RQ2) over the years, as shown in Figure 6. The great
majority of contributions identified are related to statistical performance models, control
chart specifications and process performance analysis methods. Together they total 107
contributions, about two thirds of the total number identified. If we include statistical
performance model building methods, since they are related to statistical performance
models, the four types together total 119 contributions.
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Figure 6 shows that statistical performance building methods and statistical perfor-
mance models are the research topics where the level of interest has been maintained
during the entire period of this search. Process performance analysis methods and tools,
either automated or not, are topics showing lower interest in recent years. Control chart
specifications is a topic showing interest during the entire period, with special attention
in 2006. The year with most contributions identified is also 2006 (with 19 contributions),
followed by 2003 and 2014 (with 15 contributions), and 2009 and 2010 (with 14 contribu-
tions).
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Figure 6. Types of methods, techniques and tools identified over the years

The remaining research questions are qualitative and are intended to characterize the
identified methods, techniques and tools supporting quantitative high-maturity project
management. Appendix B provides short versions of the answers to the remaining re-
search questions RQ3 to RQ13 for all the contributions identified, classified by type (Ta-
bles Bl to B13. The spreadsheet with the steps and extractions performed has the ex-
tracted complete answers to all research questions for all contributions identified. We
encourage anyone to check them on the spreadsheet using filtering options to better find
the interesting ones.

Using the answers to research question RQ7, we classified the contributions by the
development methods and characteristics which they support, as shown in Figure 7.
Most of the contributions (112 out of 153) do not specify which development methods
and characteristics they support. The supported development methods and characteris-
tics which were cited most often include: maintenance/evolution and agile/iterative de-
velopment.

Similarly, we used the answers to research question RQ6 to identity the process/in-
dicator areas in which the identified methods, techniques and tools were applied to sup-
port quantitative high-maturity project management, as shown in Figure 8. In this case,
we extracted the process/indicator areas used in examples or case studies, which does
not necessarily mean that the contribution is targeted to support that area. In most cases,
this information merely indicates which process/indicator area was used to evaluate or
exemplify the application of the contribution.

We consider this information less important for the methodological types, where
steps are proposed to support a task, since the method can usually be applied to any
process/indicator area. We emphasize that information on types related to statistical
techniques (statistical performance building methods, statistical performance models
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and control chart specifications), where process/indicator areas might be used to char-
acterize and select appropriate contributions.

As we can observe in Figure 8, the majority of contributions were applied to the de-
fects area (87 out of 153), followed by the effort area (22 out of 153). Some contributions
do not detail in which process/indicator area they were applied (17 out of 153).

Automated process performance analysis method
Automated process performance analysis method and
Control chart specification

Process performance analysis method

Process performance analysis method and tool
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Project estimation method

Project management method

Project management method and toal
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Figure 7. Types of methods, techniques and tools, classified by the development meth-
ods and characteristics which they support
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Figure 8. Types of methods, techniques and tools, classified by the process/indicator ar-
eas in which they were applied

Finally, we classified all the contributions based on their software technology matu-
ration phase according to criteria shown in Figure 2, to assist in identifying which ones
are already adopted by industry, versus ones which are still being experimented with or
evaluated, or which have merely been proposed. This classification is shown in Table Al
in Appendix A. Since papers might present evidence of the contribution being adopted
by industry, but without a rigorous academic evaluation of its utilization or results, we
combined the answers to quality criteria QC3 and QC#4 to identify the method applied
to evaluate the contribution. Figure 9 shows the methods, techniques and tools which
can assist in quantitative high-maturity project management, classified by their technol-
ogy maturation phase, and by the method applied to evaluate them.
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Figure 9. Types of methods, techniques and tools classified by their technology matura-
tion phase and the method applied to evaluate them

As can be observed, most of the methods, techniques and tools identified are at the
software technology maturation phase Development and Extension (63 out of 153), mean-
ing they were evaluated with some data in a case study analysis or were applied to some
context in a case study experience report. Figure 10 shows that most of the cases they

were evaluated through a case study analysis.
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Figure 10. Types of methods, technigques and tools at the technology maturation phase

Development and Extension and the method applied to evaluate them
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The second software technology maturation phase with most contributions identified
is External Enhancement and Exploration (54 out of 153), meaning they presented evidence
of being adopted by industry. In this case, as can be seen in Figure 11, the evaluation
methods vary from being adopted by an organization and analyzed in a case study anal-
ysis (21 out of 54), being adopted by an organization and described in a case study ex-
perience report (17 out of 54), to not even being evaluated at all and just being adopted

by an organization and being described (15 out of 54).
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Figure 11. Types of methods, technigues and tools at the technology maturation phase

External Enhancement and Exploration and the method applied to evaluate them

The third software technology maturation phase with most contributions identified
is Concept Formulation (33 out of 153), meaning they were proposed or described but not
evaluated academically or adopted by industry. Figure 12 shows that most of them il-
lustrated the contributions providing examples (23 out of 33), while others just described
the contributions (9 out of 33). One of them was classified as a case study analysis but it

was partially evaluated on the academy, so it was not completely evaluated.
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Figure 12. Types of methods, techniques and tools at the technology maturation phase

Concept Formulation and the method applied to evaluate them

The last three contributions identified are at the software technology maturation
phase Internal Enhancement and Exploration, meaning they were evaluated through some

experiments.

RelaTe-DIA: Methods, Techniques and Tools to Support Software Project Management in High
Maturity

18



6 Related Work

This section describes related work. We did not find a previous systematic literature
mapping (SLM) on the subject, but we did find studies providing knowledge and sup-
porting implementation of high-maturity practices. Dong et al. (2016) propose an organ-
izational process asset library (OPAL) architecture for process improvement, especially
for high-maturity process improvement. The authors describe the OPAL architecture
components, and its use for high-maturity process improvement in an actual enterprise,
stating that the architecture supports easy maintenance and extension. Although this
OPAL architecture can support high-maturity project management, such an architecture
is expected to be provided by organizations for projects. Therefore, this study was con-
sidered to be only at the organizational level, not assisting directly in project manage-
ment.

Barcellos et al. (2013) present a strategy to help software organizations prepare them-
selves regarding measurement aspects in order to implement SPC. The strategy is made
up of three components. The first component is a reference software measurement on-
tology, which provides a common vocabulary and relevant knowledge about the soft-
ware measurement domain, including traditional and high maturity measurement as-
pects. The second component is an instrument for evaluating the suitability of a meas-
urement repository for SPC, which is used to evaluate existing measurement repositories
and to determine their suitability for SPC, identifying corrective actions that can be taken
as a means to obtain measurement repositories suitable for SPC (if it is necessary and
feasible). The third component is a body of recommendations for software measurement
suitable for SPC, which provides guidelines on how to prepare a measurement program,
how to define measures, and how to perform measurements suitable for SPC. Since this
strategy helps organizations prepare for SPC, this study was considered to be only at the
organizational level, not directly assisting in project management.

7 Threats to Validity

This section describes threats to validity which were identified for the present study,
along with the strategies applied to mitigate them, as well as aspects which should be
considered before generalizing any of its findings. They are organized according to
(PETERSEN; VAKKALANKA; KUZNIARZ, 2015).

To mitigate threats concerning theoretical validity and potential bias, we involved three
researchers in this study. The first author applied both the first and second filter steps.
The second author, with more experience in performing systematic literature mappings
(SLM), performed the first filter step and discussed with the first author the inclusions
and exclusions proposed for the second filter, reading the full text of any papers where
there was any disagreement. A third researcher also verified some of the decisions made,
but since he was a third person, we judged that it was enough for him to check only the
papers which one of us decided to exclude, so that he had to read a smaller amount of
papers. If any paper was not selected to be excluded by all three researchers, it was con-
sidered as included and further analyzed.

To mitigate threats regarding the search string, we followed a search string elabora-
tion process, applying a control group for the papers as well as PICOC, thus arriving at
acceptable precision and sensitivity. In addition, to minimize this threat, the present
study closely followed generally accepted practices for SLM (KITCHENHAM;
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CHARTERS, 2007; PETERSEN et al., 2008; PETERSEN; VAKKALANKA; KUZNIARZ,
2015).

To mitigate threats concerning descriptive validity, the data extraction fields were dis-
cussed and defined by both authors prior to the research and refined during it. However,
the data extraction was performed only by the first author of this research and may con-
tain errors since some of the papers do not provide clear descriptions or comprehensive
information, making data extraction difficult. In addition, after reading some of the pa-
pers more than once, we noticed that as we gained more knowledge about the subject,
we were better able to analyze the papers for which data had already been extracted.
Therefore, some data extraction may have issues related to the lack of statistical
knowledge of the first researcher regarding the reported contributions. To mitigate this
threat, the second author read the extractions to evaluate their understandability, and to
verify their applicability on software engineering area, and their type classification.

Regarding the degree of generalizability of the findings, the first identified threat con-
cerns the limitation of this study to four search engines, although experience shows that
those search engines do provide good coverage of the area of Software Engineering
(KITCHENHAM; CHARTERS, 2007, MATALONGA, Santiago; RODRIGUES;
TRAVASSQOS, 2017; OLIVEIRA et al., 2017; SILVA; COSTA VALENTIM; CONTE, 2015).

Another threat concerns the limitation of the search period to fifteen years. To miti-
gate this threat, we included experience reports in our scope. Thus, we identified meth-
ods, techniques and tools proposed, evaluated, experimented with and adopted in this
period. Moreover, if some method, technique or tool proposed before that period had
good acceptance, reaching External Enhancement and Exploration technology maturation
phase, it would probably be mentioned in the experience reports from the last fifteen
years.

It is interesting to note that papers found on the first years of the period (2003 to 2006)
are usually smaller, and present weaker evaluations. Figure 13 shows that 18 methods,
techniques and tools out of the 24 identified ones, which do not present any evaluation
of their application, are on that period. Some of them just present methods, techniques
and tools well known on the area, but that by that time were starting to be applied on
software development, such as Six Sigma. Furthermore, Redwine and Riddle (1985) says
that a technology usually takes between 11 to 23 years from an idea to the point it can be
popularized and disseminated to the technical community at large. Therefore, the search
period may cover some of those cases.

003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 20714 2015 2016 2017
B none @ Experiment analysis Example M Case study experience report
B Case study analysis

Figure 13. Number of methods, techniques and tools classified by the method applied to
evaluate them over the years
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8 Conclusions

This paper presents the findings of a Systematic Literature Mapping (SLM) which iden-
tified and characterized methods, techniques and tools which can assist in quantitative
high-maturity project management. Maturity and capability models such as CMMI men-
tion various methods, techniques and tools (such as control charts or simulations), but
they do not provide details about them and do not present the available types of those
methods, techniques and tools (such as control chart types or simulation algorithms).
Thus, practitioners and researchers usually report a lack of statistical and quantitative
knowledge or guidance on how to implement high-maturity practices (CARD;
DOMZALSKI; DAVIES, 2008; GONCALVES, L. et al., 2012; GOU et al., 2009; LEE, Dalju;
BAIK; SHIN, 2009; SCHOTS et al., 2014; SHARMA, D. et al., 2016; TAKARA et al., 2007).

We identified 153 methods, techniques and tools which can assist in quantitative
high-maturity project management, and classified them into 13 types. Since most of the
research questions to characterize those contributions are qualitative, Appendix B pro-
vides a table for each type of contribution with short versions of the answers to research
questions RQ3 to RQ13. Those tables can be used by practitioners and researchers to get
information about the methods, techniques and tools that can be interesting for a partic-
ular organizational context or need, like a catalog. Table A1 in Appendix A presents the
ID of the paper where the contribution was found, allowing readers to identify papers
where the answers are of interesting quality and technology maturation phase. This way,
practitioners and researchers can better analyze the contributions identified, and select
the ones which best fit their needs. More details about each contribution can be found in
the Google spreadsheet and by consulting the papers themselves. The extracted data can
also be used as examples to guide the application of the method, technique or tool.

We provide analysis regarding which development methods and characteristics are
supported by the contributions identified. In addition, for all the contributions identi-
fied, we provide analysis regarding their software technology maturation phase and the
method used to evaluate them.

We can summarize some of the findings of our analysis:

(i) Most of the methods, techniques and tools identified are statistical performance
models, control chart specifications, and process performance analysis methods,
which can be interpreted as an indication that these three types are the ones most
used to assist in quantitative high-maturity project management;

(ii) Most of the methods, techniques and tools identified do not specify which devel-
opment methods and characteristics they support (112 out of 153), which suggest
that they could be applicable to any development context;

(iif) There is a trend in researching and adopting methods, techniques and tools
which support agile/iterative development, which is in accordance with the
trend of agile in software engineering in general and indicates the combination
of agile and high-maturity practices;

(iv) There is another trend in researching and adopting methods, techniques and
tools which support development for product maintenance/evolution, which in-
dicates the application of high-maturity practices to product evolution, and can
be interpreted as high-maturity practices being applied to the area of IT Services;
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(v) About half of the methods, techniques and tools identified were evaluated by
being applied to historical data in a case study analysis (73 out of 153), which
indicates room for improvement in the academic maturity of this research area.

It is our hope that this information can help fill the knowledge gap regarding the
actual types of statistical and other quantitative methods, techniques and tools actually
being proposed, evaluated, experimented with and adopted by organizations to assist
in quantitative high-maturity project management.

Other analysis regarding each type of method, technique and tool, including their
descriptions, are going to be provided on papers submitted to journals and conferences,
in order to assist on identifying the methods, techniques and tools most appropriate to
specific development methods or characteristics, which are in a good technology matu-
ration phase and have been evaluated.
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Apéndice 1

Quality criteria, quality score and software technology maturation phase of selected
papers

Table Al. IDs, references, answers to quality criteria (QC), quality score and software technology maturation phase of selected papers

ID Reference QC1 QC2 QC3 QC4 QC5 Quality score  Phase of Software Technology Maturation
2017.03 (DONG; REN; WANG, 2017) 1 3 4 4 3 15 Development and Extension
2017.04 (ZIE)IiI;)LMANN, T. M.; KRANICH, > 3 2 1 3 11 Concept Formulation
2017.11 (2%T7A)RMA, B.; NAG; MAKKAD, 1 3 2 1 3 10 Concept Formulation
2016.03  (KAMMA,; JALOTE, 2016) 2 3 5 5 5 20 Internal Enhancement and Exploration
2016.07 (NANDITHA et al., 2016) 1 3 5 4 3 16 Development and Extension
2016.10 (RAZA; FARIA, 2016a) 2 3 4 4 3 17 Development and Extension
2016.11 (RAZA; FARIA, 2016b) 1 3 4 5 4 17 Internal Enhancement and Exploration
2016.13 (SHARMA, D. et al., 2016) 2 1 3 4 1 11 External Enhancement and Exploration
2016.17 (YAMADA; YAMAGUCHI, 2016) 1 3 2 1 3 10 Concept Formulation
2015.09 (MARANDI; KHAN, 2015) 2 3 1 1 3 10 Concept Formulation
2015.10 (PAI; SUBRAMANIAN; 1 3 4 4 3 16 Development and Extension

PENDHARKAR, 2015)
2015.13  (WALLSHEIN; LOERCH, 2015) 2 3 5 4 3 17 Development and Extension
2015.14 (YAMADA; KII, 2015) 2 3 4 4 3 16 Development and Extension
2014.01 (ALHASSAN; JAWAWI, 2014) 1 2 4 4 5 16 External Enhancement and Exploration
2014.02  (BELOW, 2014) 2 2 2 1 3 10 Concept Formulation
2014.03 (BOEHM et al., 2014) 1 3 2 1 3 10 Concept Formulation
(SOUZA, DE; ROCHA; SANTOS, 2 3 4 4 3 16 Development and Extension
2014.06 DOS, 2014)
2014.08 (FEHLMANN, T. .; KRANICH, 2014) 2 3 5 4 3 17 Development and Extension
(GROSSI; CALVO-MANZANO; 5 5 3 4 5 16 External Enhancement and Exploration
2014.12 SAN FELIU, 2014)
(KUMARI; AMULYA; PRASAD, Development and Extension
201421  2014) 2 3 4 4 3 16
(MATALONGA, Santiago; SOLARI; 5 3 5 a4 3 17 Development and Extension
2014.24  SAN FELIU, 2014)
2014.29 (SCHOTS et al., 2014) 2 3 2 1 3 11 Concept Formulation
2013.04 (CHANG, C.-W.; TONG, 2013) 2 3 2 1 3 11 Concept Formulation
2013.08 (FERNANDEZ-CORRALES; 5 5 3 4 5 16 External Enhancement and Exploration
JENKINS; VILLEGAS, 2013) *
2013.12  (KIM, 2013) ¢ 1 2 2 1 3 9 Concept Formulation
(BHARATHI; SHASTRY; RAJ, 1 3 5 4 3 16 Development and Extension
2012.05 2012)
(BIJLSMA; CORREIA; VISSER, 1 3 5 4 5 18 External Enhancement and Exploration
2012.06 2012)
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ID Reference QC1 QC2 QC3 QC4 QC5 Quality score  Phase of Software Technology Maturation
2012.10 (CUNHA et al., 2012) 1 2 3 4 5 15 External Enhancement and Exploration
2012.14 (GONCALVES, L. et al., 2012) 1 3 2 1 3 10 Concept Formulation
2012.15 (HALE, C.; ROWE, 2012) 1 2 2 1 5 11 External Enhancement and Exploration
2012.16  (HALE, J. E.; HALE, 2012) 2 3 5 4 5 19 External Enhancement and Exploration
2012.20 (LEE, Donghun; CHA; LEE, 2012) 1 3 5 4 5 18 External Enhancement and Exploration

(MATALONGA, S; SAN FELIU, > 3 4 4 5 18 External Enhancement and Exploration
2012.22  2012)
2012.24 (NGUYEN et al., 2012) 1 3 5 4 3 16 Development and Extension
2012.27 (SESHAGIRI, 2012) 1 2 1 1 5 10 External Enhancement and Exploration
2012.30 (TARHAN; DEMIRORS, 2012) * 1 3 4 4 3 15 Development and Extension
2011.01 (BHARATHI; SHASTRY, 2011) 1 3 5 4 3 16 Development and Extension
(HATAMI HARDOROUDI et al., Development and Extension
2011.06  2011) 2 3 4 4 3 16
(JAKOBSEN, C. R. ; 1 2 o 4 6 15 External Enhancement and Exploration
2011.10 POPPENDIECK, 2011)
(MONTEIRO; OLIVEIRA, DE, 2011) 5 3 4 4 5 18 External Enhancement and Exploration
2011.14 %
2011.17 (NAKAMURA et al., 2011) * 2 2 4 4 6 18 External Enhancement and Exploration
(RAVI; SUPRIYA; KRISHNA 5 3 4 4 3 16 Development and Extension
2011.20 MOHAN, 2011)
2011.23 (SCHNEIDEWIND, 2011) 2 3 2 4 3 14 Development and Extension
2010.02  (YAHYA, AL; AHMAD; LEE, 2010) 2 3 5 4 3 17 Development and Extension
2010.03  (AMAN; OHKOCHI, 2010) 1 3 5 4 3 16 Development and Extension
2010.07 (BARRETO; ROCHA, 2010) * 2 3 4 4 4 17 Concept Formulation
2010.09 (BEZERRA et al., 2010) 1 3 5 4 5 18 External Enhancement and Exploration
2010.12 (CHEN; ZHOU; LUO, 2010) ¢ 1 3 1 1 3 9 Concept Formulation
2010.14 (FERREIRA et al., 2010) 2 3 5 4 5 19 External Enhancement and Exploration
2010.19 (MOHAPATRA, 2010) 1 3 2 1 3 10 Concept Formulation
(ROESELER; PECAK; SHIFFMAN, 1 2 3 4 5 15 External Enhancement and Exploration
2010.21  2010)
2010.26  (VIJAYA; ARUMUGAM, 2010) * 1 2 3 4 3 13 Development and Extension
2010.29  (ZHANG, H.; KIM, 2010) 2 1 2 4 3 12 Development and Extension
(BALDASSARRE, Maria Teresa et 5 3 4 4 3 16 Development and Extension
2009.02  al., 2009)
2009.07 (GOU et al., 2009) * 1 3 4 4 5 17 External Enhancement and Exploration
(JAKOBSEN, C. R;; 1 5 3 4 5 15 External Enhancement and Exploration
2009.09 SUTHERLAND, 2009)
2009.11 (KIMURA; FUJIWARA, 2009) 1 3 2 1 3 10 Concept Formulation
2009.12  (LEE, Dalju; BAIK; SHIN, 2009) 2 3 4 4 5 18 External Enhancement and Exploration
2009.17 (RAMASUBBU; BALAN, 2009) 2 3 5 4 3 17 Development and Extension
2009.18 (SANCHEZ-ROSADO et al., 2009) 2 3 4 5 4 18 Internal Enhancement and Exploration
(ZHANG, S. . b; WANG; RUAN, Development and Extension
2009.26  2009) 1 3 4 4 3 15
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ID Reference QC1 QC2 QC3 QC4 QC5 Quality score  Phase of Software Technology Maturation
2009.27  (ZHAO; PENG; ZHAO, 2009) 1 3 2 1 3 10 Concept Formulation
2009.28  (ZHU et al., 2009) 1 3 4 4 3 15 Development and Extension
2008.03 (BASAVARAJ; SHET, 2008b) 2 2 3 4 1 12 External Enhancement and Exploration
2008.04 (BASAVARAJ; SHET, 2008a) 2 3 4 4 3 16 Development and Extension
(CARD; DOMZALSKI; DAVIES, 1 5 3 4 1 11 External Enhancement and Exploration
2008.07  2008)
2008.09 (CHANG, C.-P.; CHU, 2008) 2 3 4 4 3 16 Development and Extension
(GONGALVES, F. M. G. S. . etal., Concept Formulation
2008.14  2008) 2 8 1 1.3 10
2008.20 (KOJIMA et al., 2008) 2 3 5 4 3 17 Development and Extension
2008.21 (KOMURO; KOMODA, 2008) 1 3 5 4 3 16 Development and Extension
2008.25 (MOHAN et al., 2008) 2 3 4 4 3 16 Development and Extension
(MOHAN; SRIVIDYA; GEDELA, 2 3 4 4 3 16 Development and Extension
2008.26  2008)
2008.29 (RAMASUBBU et al., 2008) 2 3 5 4 3 17 Development and Extension
2008.31 (SARANG; SANGLIKAR, 2008) 2 3 5 4 5 19 External Enhancement and Exploration
2008.39 (WENJIE et al., 2008) 1 3 1 1 6 12 External Enhancement and Exploration
2007.01 (AGRAWAL; CHARI, 2007) 1 3 5 4 3 16 Development and Extension
2007.09 (FRENZ, P J, 2007) 1 2 3 4 1 11 External Enhancement and Exploration
2007.13 (ZJC;OC\)LYC))TE, MITTAL; PRAJAPAT, 5 3 5 4 3 14 Concept Formulation
(KIRBAS; TARHAN; DEMIRORS, 1 2 4 4 3 14 Development and Extension
2007.14  2007)
(KITCHENHAM; JEFFERY; 1 2 3 a4 1 11 Development and Extension
2007.15 CONNAUGHTON, 2007)
2007.19  (PANG,; ALlI, 2007) 1 3 2 1 3 10 Concept Formulation
2007.26 (TAKARA et al., 2007) ¢ 1 1 1 1 1 5 External Enhancement and Exploration
(WEBB; MILUK; BUREN, VAN, 1 2 3 4 5 15 External Enhancement and Exploration
2007.29  2007)
(BALDASSARRE, Maria Teresa; 5 3 1 1 3 10 Concept Formulation
2006.03 CAIVANO; VISAGGIO, 2006)
2006.05 (BOFFOLI, 2006) ¢ 1 3 4 4 5 17 External Enhancement and Exploration
2006.09 (FRENZ, Paul J; GURVIN, 2006) 1 2 3 1 1 8 External Enhancement and Exploration
2006.12 (GORDEA; ZANKER, 2006) 1 3 5 4 3 16 Development and Extension
2006.16 (KOMURO, 2006) ¢ 1 2 3 1 1 8 External Enhancement and Exploration
2006.22  (MILLER et al., 2006) 2 3 4 4 3 16 Development and Extension
2006.24  (SARGUT; DEMIRORS, 2006) 2 2 3 4 1 12 Development and Extension
2006.27  (WANG et al., 2006) 1 3 4 4 6 18 External Enhancement and Exploration
2006.28 (ZHANG, Y. F.; SHETH, 2006) ¢ 1 2 3 1 1 8 External Enhancement and Exploration
2005.01 (BALDASSARRE, M Tetal., 2005) 2 3 4 4 3 16 External Enhancement and Exploration
2005.11 (Ll etal., 2005) ¢ 1 3 1 1 3 9 Concept Formulation
2005.14  (WANG; LI, 2005) 1 3 2 1 3 10 Concept Formulation
2004.01  (ANIL et al., 2004) 1 3 2 1 3 10 Concept Formulation
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Table labels:
* Control group paper

4 Low quality score paper

ID Reference QC1 QC2 QC3 QC4 QC5 Quality score  Phase of Software Technology Maturation
(ANTONIOL; GRADARA; > 2 4 4 5 17 External Enhancement and Exploration
2004.02 VENTURI, 2004)
2004.04  (BIEHL, 2004) ¢ 1 3 1 1 3 9 Concept Formulation
2003.02  (CANGUSSU, Joao W, 2003) 1 3 2 1 3 10 Concept Formulation
(CANGUSSU, J.W.; DECARLO; 1 3 2 1 3 10 Concept Formulation
2003.03 MATHUR, 2003)
(LUCIA, DE; POMPELLA, 2 3 5 4 3 17 Development and Extension
2003.05 STEFANUCCI, 2003)
2003.07  (EICKELMANN; ANANT, 2003) 1 3 2 1 3 10 Concept Formulation
2003.11 (HONG; GOH, 2003) ¢ 1 3 1 1 3 9 Concept Formulation
2003.12  (JACOB; PILLAI, 2003) ¢ 1 2 3 1 1 8 External Enhancement and Exploration
2003.16  (MC NELLIS; HARRINGTON, 2003) 2 3 4 4 5 18 External Enhancement and Exploration
2003.17 (MURUGAPPAN; KEENI, 2003) 1 2 3 4 5 15 External Enhancement and Exploration
2003.18 (NARAYANA; SWAMY, 2003) ¢ 1 2 3 1 1 8 Concept Formulation
2003.19 (RAFFO; SETAMANIT, 2003) 2 3 4 4 3 16 Development and Extension
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Apéndice 2

Answers to research questions (RQ)

Table B1. Statistical performance model building methods: Answers to research questions

ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
Time series The solution worked out
Ar'lnalysyls, Holt- They deal with prob- Inputs: Historical data. for the stated problem. It
Winter's . . . Not spe- can lead to the solution to
2017. method. Holt's lems related to time se- Outputs: Number of defects Number of defects arriv- cified ) Example ) similar problems using ei- No _
11 . ries and build process  arriving per week estima-  ing per week. ' pie. probi 9 '
smoothing ’ ther regression technique,
performance models.  tion. A
method, Solver Bayesian network or other
tool in Excel. models.
Queuing theor The solution worked out
Poissor? ueuiz’ They deal with prob- Inputs: Historical data on for the stated problem. It
q 9 lems related queuing  queuing data. Not spe- can lead to the solution to
2017. system, Holt- d X . o . . I o X .
A theory and build pro- Outputs: Mathematical rela- Wait time, service time. cified. - Example. - similar problems using ei- No. -
11  winters method, N o . :
- cess performance mod- tion between the wait time ther regression technique,
Solver tool in L h
els. and the service time. Bayesian network or other
Excel.
models.
They use Markov . -
- o . 18 program- A task process for High-productivity
. chains to model a task Inp_uts. Video recordings of ) - mers’ videos of model-based unit- High-productivity pro- programmers’ task
Markov chains, process. their tasks. Testing productivity, task Not spe- - , o
2016. Eucl ; . . ! . S o at least 2 tasks  testing was cre- grammers’ task processes processes are simi-
03 uclidean dis-  They use Euclidean dis- Outputs: Markov cha}lns for steps, probabilities be-  cified. in 3 model ated and the steps can be used to teach low- Yes. lar while low-
tance. tance to measure the  each programmer, differ- tween steps. : o - - -

' . based unit-test- were verified with productivity ones. productivity ones
difference between task ence between the chains. ing proiects the programmers are different
processes. 9 proj ) prog ) :
They use Pearson cor- Difficulty, unique oper- A software de- ;Zegci%r?e?carz? With exist-
relation and ANOVA to  Inputs: Dataset of project  ands, unique operators, : : Y ing classifi- Proposed model shows

Pearson correla- ) S : ; . Not spe- fect dataset with their model with .
2016. tion. ANOVA select the attributes. historical data. intelligence, blank lines, cified 2109 records  naive Bayes and cation mod- more accuracy than No _
07 ! ! They use control charts Outputs: Prediction model  design complexity, cy- ’ ! . Ves ar els Naive benchmark classification '
SPC. h : . / and 22 attrib- J48 for predicting .
to generate rules for the with derived rules. clomatic complexity, utes defects on the Bayes and  algorithms.
model. branch count. ) J48.
same dataset.
Inputs: Data from one agile Development / test / test They achieved better They could predict
. They use DES to model project. P - sprint velocity, more re-  Yes, the number of story
Discrete event h : - perf d. case development time, ) | ints likel b
2016. simulation the sprint process. Outputs: Performance mod- defect density, number ) Data from each They used itin a quirements per release, ~ one points likely to be
’ ' .. Theyuse CAR els to statistically predict L Agile. - ; lower production defect large completed during
13 causal analysis ) . . of user stories / story sprint. project. ) - . b f
: to refine and improve  the number of story points h / density, productivity gain  agile each sprint and re-
and resolution. ] h . points, resource availa- . .
the process. that will be delivered in the bilit and better team satisfac- project. lease and perform
sprint. Y- tion. what-if analysis.
Correlation, re- Density of injected de-
h . e fects, percentage of de- .
gression, logic Inputs: Historical data. Project managers use
regression, Thev sugaest when to Outputs: Performance mod- ifﬁdzf;i?qe%ed/ /d:;g]c?v- predictive models to con-  Yes,
2014. ANOVA, ¥ suggest w els using statistical tech- 9 etlic y Not spe- . solidate the process de-  but they
use each statistical ap- . - correction effort by ! No detail. None. - . -
12 MANOVA, niques for predictive / out- o cified. fined and to control the do not
. proach. - ) phase, injected / re- - ) o
dummy variable put continuous / discrete d/ d def probability to achieve the detail it.
regression, chi- variables moved / escaped defects objective
Lo ’ by phase, total effort by '
square and logit.
phase.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
Inputs: Defect complexity, Accuracy is 75% and sen-
team experience, analysis Effort spent on bug fix Dataset from With real sitivity is 67%.
2012. Bayesian belief Its use in software pre- effort. bu conpw lexit te%m éx- Not spe- telematics area Accuracy and sen- values from They performed what-if No
05 networks. dictions. Outputs: A network that can e?iencepanaly ’sis effort cified. of Automotive  sitivity. the organi-  analysis regarding analy- '
predict bug-fix effort after P ! Y ’ domain. zation. sis effort and team experi-
learning the parameters. ence.
) They use cumulative Inputs: Actual or predlc_ted
Taguchi meth- ) cumulative software fail- .
ods, Schneide- failure data‘to compqte ures, target values of cumu- ) !‘OSS funqtlons s'holw there
S a loss function and sig- S : Shuttle failure  They used the is excessive variation be-
2011. wind software ) ) lative software failures. ) Not spe- L }
o nal-to-noise ratio. K . . Defects over time. o data from method with histor- — tween desired and target No.
23 reliability model They use SSRM to Outputs: Loss function, sig- cified. NASA ical data values. Signal-to-noise ra-
(SSRM), regres- Y - nal-to-noise ratio, two re- ’ ’ ’ ->19
- - compute predicted cu- ! - tios are high.
sion equations. . ; gression equations to pre-
mulative failure. ) )
dict failure.
Client-specific Data from 11.2 They use Projects that adopted a
. . knowledge, extent of cli- software project The model’s chi- t_he m_od_el to non-standard develop-
They model the varia-  Inputs: Historical data. . ! . processes and o find similar
- . . entinvolvement, design square statistic ) ) ment processes per-
. bles that influence the  Outputs: A model that esti- performance ST projects in
2009. Regression decision between agile mates the probability of a and technology new- Not spe- from two differ- value is significant, roun and formed better on produc- No
17 analysis. - 9 ] P 'y ness, estimated project cified. indicating that the group tivity, reuse and effort to '
or traditional methodol- project team adopting a ent CMM and ] L compare .
h effort, allocated team model is statisti- . fix defects. However, they
ogies. non-standard process. size, estimated code People CMM cally valid their perfor- showed an increase in de-
e level 5 compa- y ' mance indi- .
size. f fect density.
nies. cators.
Inputs: Data from the first Scatterplot of t_he L .
RATS risk sys- month related to quality, cumulative eSF:.' To ap;;]ly th'i‘ fIert estlf—
tem, multiple re- They propose trans- productivity, risk. mated probabi |_ty mate € rsk 0 _Yorg or
h f : . h vs. the cumulative each project to identify
2008, dression analy- forming the continuous Outputs: A model that pre- Not spe- 48 data projects observed fre- With real va- those at higher risk. Then
" sis, central limit  endpoint, such as profit, dicts risk failure of a project Productivity, profit rate. .o PE from RATS da- _ gner rsk. " No.
20 . ! ) cified. quency of Yore = lues. perform any action to re-
theorem, non-  to a binary variable based on the profit rate tabase. 1. Values agreed duce risk and re-evaluate
parametric per- such as "Yore". (Yore = 1 when a project - values ag )
mutation fails and Yore = 0 other- well, |nd_|cat|ng the using data collected after
’ wise) appropriateness of the treatment.
) the model.
2008. Inputs: Historical data on Percentage of the effort An analysis was They compare the With values
26 requirements, design, cod- spent on Require- performed on initigl estirgates obtained A close match between
RUP, Fuzzy lo- They used them to- ing, unit testing, IST testing. ments/Design/ RUP three different against the real during test- the experimental results No
gic. gether. Outputs: The expected Coding/Unit testing/ IST ' modules over ngmber of defects in ?oce- from and the fuzzy predic- '
number of defects before ~ Testing, the expected three cy- for one module dugrs tion approach.
the beginning of the project. number of defects. cles/builds. ) )
2005. They have integrated Simulation of the  The error in
01 SPC with DC, as deci- Inputs: A baseline estima- approach on a leg- reverse en- DC-SPC was able to point
A previous pro-  sion support tool for tiopn mbdel of the expected Renewal acy data setof a  gineering out not only all the known
posed Dynamic identifying process per- effort P Developer’s perfor- project renewal project, and restora- process performance No
Calibration (DC) formance changes, and out l-.ItS' Model with recali. mance in LOC/hour. develop- where the induced tion project, changes, but also further '
approach. for suggesting when to bratri)on és needed ment. process improve- DC and DC- changes that we don’t
recalibrate the estima- ' ments made were SPC during know of.
tion model. known. simulation.
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Table B2. Statistical performance models: Answers to research questions

ID RQ3 RQ4 RQ5 RQ6 RQ7 RQS8 RQ9 RQ10 RQ11 RQ12 RQ13
They removed sev- PSP dataset from Pearson and
- ; Spearman correla-
. eral factors with SEI with 31,140 - -
Literature re- . . . . - tion coefficients. Model-based auto-
view. PSP wgak correlation Inputs: PSP hlstqncal d'ata. ) projects con- A case study with matic analysis can
e with the top-level Outputs: Pls, their relationships, The three top-level Pls cluded by 3,114 : )
2016. specifications, L . : o ; . 7 projects per- point out problem-
10 previous ver- Performance indica- recommended ranges, approxi- refer' to predlctabllltly,‘ PSP. engineers during formed by a PSP atic areas 1o focus No.
. tors (Pls) and added mate statistical distributions and quality and productivity. 295 classes of ; .
sion of the ; o . h developer during on in subsequent
model new attributes _to sensitivity coefficient. PSP for Engl—l the PSP Funda- manual analysis
' support a ranking neers | / 1l train- ’
. mentals and Ad-
approach. ing courses. L
vanced training.
They applied it to . . i They can estimate
NHPP Loga- defects found in is- _Inputs. Dat_a on defects in th_e - Dat_a from An the additional de-
il ! . issue tracking system over time. Number of defects in is- Open-source droid and Thun- )
2016. rithmic Pois-  sue tracking sys- Outputs: Additional develop- sue tracking systems  software derbird open- One example - velopment time for No
17 son execution tems for open- puts: o p- . 9 Sy op pe. attaining the soft- '
; ment time for attaining the fail-  over time. (0SS). source issue : .
time model.  source product de- . . ; ware failure inten-
ure intensity target. tracking systems. . S
velopment. sity objective.
Inputs: Number of defects in- Averages below
jected in previous phases, num- Number of defects in- Several projects 95% in cumulative
Least-squares . ber of defects detected during . Not speci- from various ser- statistical analysis
2015. None, merely its jected, detected, re- ) )
0o Minimumre- - o the phase,_count of defects re- moved and remaining in fied. vice-based and  None. - of def_ect removal No.
gression. ’ moved during the phase. product-based or- effectiveness are
. . each phase. o :
Outputs: Number of defects in ganizations. not adequate in
the released software. software quality.
Reported actual effort = Estimated peak staff, Second tion
22.1 + 2.44 * estimated peak reported actual effort Pearson and :r(;grmseggielr)
staff hours in thousands. Spearman correla- Fhan the third
2015 Least-squares None. merely its In(reported actual effort) = Estimated new KLOC, Not speci- 30 projects from  tion, Mean magni- With real ef- However the.third
13 * minimum re- use ! Y 1.61 + 0.662 * In(estimated new reported actual effort fied P DoD developers tude of relative er- fort values. one is us’eful for No.
gression. ’ KLOC) hours in thousands. ’ at CMMI level 5. ror (MMRE) and ) comparison to
In(reported actual effort) = Estimated total KLOC, Prediction (PRED publipshed litera-
1.14 + 0.579 * In(estimated total reported actual effort 25) accuracy. ture
KLOC) hours in thousands. )
NHPP growth
curve models . Five datasets of
(exponential, They tested models Inputs._lmplemented develop- Implemented develop- actual agile soft- Mean-squared er- All reliability
; .~ ment size, number of test cases ment size, number of rors (MSE) and .
2015. delayed and variables to dis- executed executed test cases Agile ware develop- Akaike's infor- With real ef- growth models No
14  S-shaped), cover the best ones oy . : ' grle. ment projects - L fort values. presented good '
. v Outputs: Cumulative number of cumulative number of mation criterion
Moranda geo- to predict reliability. detected faults, reliabilit detected faults from three devel- (AIC) results.
metric Pois- ! Y- ' opment genres. ’
son model.
Over 2,000 re- ilijclt?prlgocdoer:frvo‘fmh
Rayleigh . Inputs: Log of peak staff, log of Log of peak staff, log of - cently completed
2014. curve or distri- None, merely its ESLOC, log of production rate. ESLOC, log of produc- NOt spect software projects None. - charts_, can be No.
02 . use. . - fied. used in large pro-
bution. Outputs: Log of defects. tion rate, log of defects. from the QSM h . )
jects, with multiple
database. :
testing phases.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
Density of injected de- Proiect managers
Inputs: Density of injected de-  fects, percentage of de- useJ redictiveg
fects, percentage of defects re- fects removed / re- P )
. e . models to consoli-
2014 Correlat'lon, None, merely their moved / removal efficiency / de- moval gfflmency / defect Not speci- They do not de- date the process Yes, but
" regression. ! fect correction effort by phase.  correction effort by ) S None. - ) they do not —
12 use. T o fied. tail it. defined and to S
Outputs: Injected / removed / phase, injected / re- detail it.
control the proba-
escaped defects by phase, total moved / escaped de- o '
bility to achieve
effort by phase. fects by phase, total ef- L
the objective.
fort by phase.
They de-
oL - ) - Data from 5 pro-  Student’s t-test. signed 3 .
Systgm dy- Inputs: Sk_llls training factor, pro- Skills tralnlng factor, jects from a They presented scenarios Investmgnt in pro-
namic, control h } . cess training factor. process training factor, ! : cess training re-
2014. Their use in combi- X Not speci- CMMI level 3 the model to a with the .
charts and ca- - Outputs: Software defects, pro- number of non-con- ) sults in a process  No. -
24 ” nation. . fied. software factory panel of three ex- same val- - T
pability calcu- ject non-conformances, product formances, product . : with less variation
- : - with about 140 perts. ues for in-
lations. size. size, total defects. and fewer defects.
developers. dependent
variables.
Accuracy is 75%
and sensitivity is
Inputs: Defect complexity, expe- Effort spent on bug fix, Dataset from With real 67%.
2012. Bayesian be- None, merely its rience of the engineers, analy-  bug complexity, experi- Not speci- telematics area in Accuracy and sen- values from They performed No _
05 lief networks. use. sis effort. ence of engineers, fied. Automotive do-  sitivity. the organi- what-if analysis re- '
Outputs: Bug-fix effort. analysis effort. main. zation. garding analysis
effort and team ex-
perience.
Total / major production defects
in current month = a + x (total /
A . A The model was ap-
major defects in previous A .

: . plied across six .
month) + B1 (total / major unit- R d prod imul Thi del The resulting causal
test defects in current month) + Number of (total / ma- _eporte proguc- simu taneous IS modef can analysis and resolu-

) . . ; . tion defects and maintenance pro- serve as a reliable - . ; >
Time-series B2 (total / major unit-test defects jor) defects per month, . . - Yes, in six tion action plan illus-
. . ! : } . maintenance ac- jects. tool for predicting .
2012. cross-section None, merely its in previous month) + B3 (total / number of (total / major) Not speci- tivity 100S Dro- Various statistical — temporal patterns mainte- trate the value of the
16 regression use. major system defects in current (unit test / system /re-  fied. Y 109S p p p nance pro- model results as in-
: ] ) duced by a tests (F test and of production de- . f
analysis. month) + B4 (total / major sys-  gression) defects per CMMI-DEV level Lagrange Multiolier fects across multi- jects. puts to organiza-
tem defects in previous month) month. . grang p - tional process im-
) ) 3 organization. test) and a root ple projects.
+ 35 (total / major regression cause analysis of provement efforts.
defects in current month) + 36 Y
A . reported problems.
(total / major regression defects
in previous + ¢
Inputs: Effort to reproduce, Effort to reproduce,
knowledge level of the devel- knowledge level of the They computed
oper, code complexity, changes developer, code com- Dataset from the fit of the model With real The model with
2011. Artificial neu- None, merely their  to design, dependency on other plexity, changes to de- Not speci- telematics area of to the data and the values from dataset C yielded No _
01 ral networks. use. modules, testing effort, impact  sign, dependency on fied. Automotive do-  correctness of the the organi- an accuracy of '
on code base. other modules, testing main. prediction in per-  zation. 70%.

Outputs: Total effort required for effort, impact on code cent.
a bug fix. base.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
NHPP reliabil- The proposed
ity growth . .« With Xie et
models, Maxi- Imperfect debugging Inputs: Time between failure They used histor- Thgy “?ed 80 his al. (2002) Mean Value Chart
o models where new X . . . torical time be- detects out of con-
2011. mum likeli- buas can be added Outputs: Mean Value chart with Time between failure Not speci- ical data to test tween failure control trol situation atan No _
20 hood, Newton 9 . the differences between cumu- © o fied. the approach: 30 ) chart (time - '
while removing oth- - . : points to test the earlier instant than
Raphson, lative failure data. points. control AR
Mean Value 'S approach. chart) the situation in
’ time control chart.
Control chart.
. ) New PMAT esti-
COCOMO Il still re- PM = a = size® * [T}, EMi é(:\/l(:walt?;tleélssfrlog ?Reilza)‘mﬁaE:i?J de of \évg:ﬂg(?l mated effort closer
2010. COCOMO ll, lieson SW-CMMto E = b+ 0.01 * 21-5=15Fj , with . Not speci- . » Mag to the actual effort
02 CMMI assess its PMAT new values for PMAT scale fac- Effort, size. fied level 4, yvnh 8 Relative Error and actual than generic CO- No. -
’ scale factor ’ data points each (MRE), and effort val- COMO Il estima-
: tor. level. PRED (30%). ues. tions
NHPP growth They _performed )
curve models . . expgrlments tv;[)1 They C(;m— Inflictlon |
(exponential, They teste_dt e Inputs: Code churn history. Code churn (includes . pr_ed|ct c_ode churn pared the 3 S-shaped mode_
2010. models to identify . . o~ : Open-source 12 packages in- with the inflection NHPP showed better fit
delayed Outputs: Cumulative code churn code addition, deletion ) ] No. -
03 the best one to pre- . P development. cluded in Eclipse. S-shaped model. model types to the real code
S-shaped and . estimate. and modification). ) ) )
inflection dict code churn. Mean magnltude to the actual churn in Eclipse
S-shaped) of relative error values. than other models.
ped). (MMRE).
o ) Percentage of defects
?efect density in systemic tests in technical revisions, With the
=1.8955 - 0.5087 * percentage . . - )
. . L. unit-test coverage, de- percentage The model is a Productivity estima-
of defects in technical revisions o . . . . .
P fect density in systemic They tested the difference  good way to obtain tion using the mod-
- 1.6020 * unit-test coverage ) h . . PR
- tests. model on five pro- between the more precise esti- Yes, in5 els is significantly
Six Sigma General project productivity = Defect density in sys-  Not speci- jects of the organi- planned mations, to im- projects at more precise than
2010. DMAIC, multi- None, merely their 32.087 - 3.637 * defect density temic tests, level of re-  fied. Data from the zation to verify its  productivity prove client satis- a CMMI traditional tech-
09 plelinearre- use. ; . . . . i~ company. . . . - h
ression in systemic tests + 11.71 * level quirements instability, efficacy in predict- atthe be-  factionandtore- level 3 niques such as, for
9 ’ of the requirements instability -  level of continuous inte- ing final productiv- ginning of ~ duce variability of company. example, the use of
9.451 * level of continuous inte- gration utilization, level ity. the project timeline, cost and organization histori-
gration utilization - 0.8187 * of experience, develop- and atthe  productivity. cal average.
level of experience * develop-  ment environment, gen- end.
ment environment eral project productivity.
The average review
’ . . R-square, Fisher ~ With real ) rate changed from
\L/Ienr(segrvc;zad- ;—igiyatr?;t;sdisr ?ngg?r?- Data from 45 test and ANOVA.  values. The study is useful Li;élgtigzs 800 LOC / hour to
2010. ratic, cubic ods to identify the Inputs: Code inspection rate. _Code mspectlon_rate, NOt Speci- code inspections - They use_d the The pilot re- _to understanq the performed 215L0¢/ hour W.'th
) - . inspection effective- fied. performed by de- model to improve  sults were impact of review a standard deviation
14 and power re- best one to predict Outputs: Defect density. | h d d by 3 re- f46. Th
ression anal- inspection effective- ness. Vvelopers on the process an compared  rate on process viewers in 4 ° 6. The average
gre 3 projects. performed 39 in-  to the previ- performance. } value for defect den-
ysis. ness. ’ projects. S i
spections. ous ones. sity improved signifi-
cantly.
They use multiple % fixing effort = A * % defects Defect injection rates of Qf::rz:g?glzgvtgreal V\:g'r;z?f\t/l;?—l Eggg:ﬁ::;eé\_/ed: Fixing models were
Multiple re- regression analysis injected during requirements + cting . ) proj 9 9
20009. . . .0 L . requirements, design, Iterative de- years, they con- ues and or- ment of process coherent and cov-
o7 gression anal- to specify parame- B ./o defects injected d_urmg coding, and testing ac- velopment Company data. ducted interviews ganization data and quantita- Yes. ered the entire de-
ysis, F test. ters and F test to design + C * % defects injected [ .. 2" " . ’ A M- ; .
’ f tivities, % fixing effort. and analyzed his- historical tive control of pro- velopment lifecycle.
evaluate them. during coding + D : h
torical data. data. jects.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
They used Project managers
L : . Data from 112 the model :
Developmen_t process _ch0|ce = Client-specific software project  The model's chi-  to find simi- could use this
a0 + al * (client specific knowledge, extent of o . model, at the start
! . knowledge) + a2 * (extent of cli- client involvement, de-  Offshore sof- processes and square stgtls}[c !ar projects of the project, to
2009. Regression None, merely its . N . ) ' performance from value is significant, in group S -
- ent involvement) + a3 * (design sign and technology tware deve- N S decide if changing No.
17 analysis. use. . B two different indicating that the and com-
and technology newness) + a4 * newness, estimated lopment. CMM and People model is statisti- are their  S°0Me of the pro-
(estimated project effort) + a6 * project effort, estimated P f P cesses would re-
; . . CMM level 5 soft- cally valid. perfor- .
(estimated code size) + €1 code size. ware companies mance indi- sult in better pro-
P ’ ject performance.
cators.
Initial and final function
) .- points, estimated / real They com- Documentation ef-
Estimation l:e()e/rﬁ::rq:gltledvzif gs\éﬁ:Opgfiw;g%r;g;Zﬁ;;n lines of code, estimated An experiment was pared their fort fluctuated be-
methods (CO- the?de ree of)\l/alid-y (ED) :ga * (product size in thou- / real effort per develop- Not speci- One experiment  developed and proportional tween 12.34% and
20009. . 9 . P ment phase, documen- _. P including devel-  performed in a value to the 34.67% of total ef-
COMO I, ity of the estimation sands of lines of code) *b * (ad- . _.: fied. ) No.
18 NASA and methods and to pro- iustment factor for software doc- tation number of ver- opment and doc- course inthe 5th  onesused fort. COCOMO II
FP) ose a correctior? Jumentation d) sions / estimated size / umentation. year study in Com- in estima-  documentation va-
’ ?actor where, d = [1.01, 1.31] versions size / real size puter Science. tion meth-  riable is within the
’ ! T / (estimated / real) ef- ods. calculated range.
fort.
. This approach is
New values for With Inter- .
2008 Intermediate  some cost drivers Effort = a *x KLOCP * EAF, with Projects of D:)t.aeg(\);;soﬁze d Etit:rfr??et(\:’;’;) was mediate \L,jviif ililgrlg;?sjfﬁ;
04 ’ COCOM(_) Il, adequate to projects new values for software devel- Effort, size. size less Fo c{erive new used ,['2) vJaIidate COCOMO I 10 PM. They had No.
FP counting. ?f;tressgr?n?gnlthI;M opment effort multipliers. than 10 PM. proposed values. the values. ?ielfizlrjg mul- 30% improvement
p ) P ) in effort variance.
o . To apply this, first
Inputs: (client reviews returned - ] Scatterplot of the . h
RATS risk + specifications changed in the nggtu ::él\\//ig\’/spigiﬁrfézy cumulative esti- $§:S%Ség§: 'SIr(o?f
system, multi- They proposed first month) / PM estimate, the in the first month. speci- mated probability iect to identif P
ple regression transforming the sum of the scores for eight risk- fications chan ec’j ir?the 48 data proiects VS the cumulative Jthose at hi h)vler
2008. analysis, cen- continuous end- related items and seven admin- first month e?son- Not speci- from RAPI'SJdata- observed fre- With real risk. Then 9 erform No
20 tral limit theo- point, such as profit, istrative items. month estir’nr;te sum of fied. base quency of Yore =  values. an .action’ t% re- '
rem, non-par- to a binary variable Outputs: Risk failure of a project the scores for e‘i ht risk- ’ 1. Values agreed duge risk and re-
ametric per-  such as "Yore". based on the profit rate (Yore = ) 9 well, indicating the .
h ) ) related items and seven ) evaluate using
mutation. 1 when a project fails and Yore dmini A appropriateness of d I d af
= 0 otherwise) administrative items. the model ata collected af-
) ) ter the treatment.
. This model can be
ngégg)s jtetasgj?gog;;zesgn?” They performed used to evaluate
stant) * (defects getected at Large pro- linear regressions the effect of peer
phase / all the defects at phase Numbgr of defects de- jects with Performance on project da_ta. review, make re-
. . . tected in the phases, rigid waterfall The second linear . view plan and set
2008. Rayleigh mo- None, merely its or later or defect removal rate)) data from 17 : With real L
defect removal rate, de- development regression equa- objectives for val- No.
21 del. use. completed pro- values.

(Defects at testing phases / de-
velopment size or defect den-
sity) = A * (defects at testing
phases / all defects) + B

velopment size, defect
density.

phases.

jects.

tion showed sev-
eral outliers related
to project charac-
teristics.

ues for review ac-
tivities, and evalu-
ate the effect of
each peer review
activity.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQS8 RQ9 RQ10 RQ11 RQ12 RQ13
Inputs: (Total defects, review/  Total defects )
: - ; ) . They simulated a Results show
testing / rework time, failure / re- rework time, failure / re- Petri net with relia- number of defects
2008. ! None, merely their  pair rate, MTTF, MTTR) per pair rate, RUP-based Reliability data . . A
Petri nets. - . bility data for each — being significantly No. -
25 use. phase MTTF (= 1/ failure development. from one module. of the module cy- reduced in incre-
Outputs: Total defects, % relia- rate), MTTR (=1/re- Y
. . ) cles. mental cycles.
bility, % unreliability pair rate)
- . Investments in
task dispersion = - 0.732 Product|\_/|ty, quality, structured pro-
. — roductivity process |nvgstm§nts, 42 offshore soft- cesses and pro-
Literature Focus on a distrib- P - S .. task dispersion, integra-
; task dispersion = - 1.525 quality ... . ) ware develop- cess-based learn-
Seemingly un- uted development tion intensity, learning  Offshore ) S . . -
2008. related re- context subjected to investments, software  software de- ment projects of - Their built from - Ing routines miti- No -
29 ) ] learning investment = 0.630 . ! . a CMM level-5 data analisys. gate the negative '
gression the effects of work - size, team size, project velopment. ) ;
) : . productivity : software organi- effects of work dis-
technique. dispersion. S _ management invest- h o>
learning investment = 0.939 ) zation. persion in offshore
. ment, up-front invest-
quality software develop-
ment.
ment.
:-et:ts tr\jggnAugY]/i_\- Variations in the
tudé of Relativg The model holds  Yes, to esti- predictions for the 5
2008. GQM‘ linear None, merely their  Effort variance = -1.64 + S|;e in unadjusted FP’ Maintenance Project data col- Error (MRE), Me-  With real _true f_or tasks hav- mate 5 dif- - change requests
multiple re- } ) skill level, effort vari- ; lected over 5 ) - ing size between ferent were used to further
31 ’ use. 0.003895 size + 9.96 skill level projects. dian Magnitude of values. ;
gression. ance. years. Relative Error 100 UFPs and change field-test the model
3,877 UFPs. requests.  as an empirical vali-
(MAMRE) and dation of the results
PRED (0.25, 0.5). )
= * 1 . . 1 1,
Linear regres. ::Eegglritt) ) :4142{;3063; . mg'éi)) Size in KSLOC or FPs, Data collected gﬁ;i‘g_awﬁfts b _
! quality) = 2. : effort in person-days, from 37 CMM g ' High levels of pro-
sion, forward uality in number of de- ) White’s, and )
) . quality mber . level 5 projects at e . cess maturity re-
2007. stepwise re-  None, merely their fects, cycle time in Not speci- ; Cook's distance. ~ With actual | he eff f N
01 gression, two- use In(cycle time) = 4.23 + 0.27 * b f calend fied our organtza- Magnitude of rela- values uce the effects of No. B
stage least- ' In(size) ' : number of calendar ' tions in software tive error (MMRE) ' most factors in
9 slize days development out- software effort.
squares. - percentage for N
sourcing. o
estimations.
They applied a Inputs: Defect data. They used it in one ;C\?EuEsggceosrrib- Yes. in a
Defect density SWEEP tool used at Outputs: Number of defects re- Historical data project, with differ- uted to the suc- harciware Each set of defect
2007. curve, a CMMI level 5 maining in the software. The Number of defects. Not speci- ent defect sources With real data predicted that
- ) ; ) from the same . cess of the devel- develop-
09 SWEEP soft- company on a hard- predictive model is the inverse fied. roiect onl to improve the data. opment effort in ment pro- 50% of defects re-
ware tool. ware development  of the defect density curve used proj Y confidence level of pment € . p mained undetected.
. e h meeting its sched- ject.
project. by reliability engineers. the results. :
ule commitments.
u control Their use together  Inputs: The average cost of fix- In most situations
charts, design to model inspection ing defects in different stages, The average cost of fix- the optimum mod-
of experi- process. the cost of false alarm, mean ) g€ co - ule size is be-
hift wh ¢ ing defects in different Historical data bout 1.
2007 ments. Shiit when process goes outo stages, the cost of false Not speci- from the com- tween about 150
. control, amount of shift when ! . None. - and 500 LOC, and No. -
13 alarm, fied. pany, but they do
the process goes out of control, defect density. module not detail it as the process
control limits of defect density, . Y: . stability increases,
; - ) size. !
the inspection module size. the optimum mod-
Outputs: The cost. ule size increases.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
Inputs: The workforce size, the
average number of people
\thvl?arlll(i{;goﬁhi%::setnptrlgz::’stshethe They used a test- The controller is
A significant im- complexity of the software to be :2? ZC:gf?vr\lgr? ;ﬁgﬁ]ble’;hog geterro—_
provement over the developed, the software type mi?nufacturer The priategchangzg re-
2006 CDM model  previous version of beiqg developed, the defegt de- The number' of defects Not speci- test phase Ias.ted quired to drive the
29 " (Cangussu et the model. tection constant of proportional- detected/ eliminated per fied - 120 days over - model to the spec- No.
al., 2002). A new calibration al- ity, the quality impact constant day. ' which a number of ified desired be-
gorithm for the CDM of proportionality, an estimate of defects were dis- havior
model. the number of defects intro- covered and re- ’
duced into the software. moved
Outputs: The resulting control ’
values over actual and next
checkpoints.
Total effort of the work-packet =
0.12256 Number of software
code components Number of software
Total effort of the work-packet = code Components,
0.14109 Number of software _numb?r of car;)dldafte Using the |
code components + 8.925E-03 Itmpla_lc S, n:Jm er % ac—f sing te eave- i The results of the
Number of candidate impacts val impacts, numuer o A Y2K remedia- ON€-Out Cross vail- regression models
SPC, ordinary Total effort of the work-packet = Sggigl ﬁfggzrrdom_on- tion project for a ?haéygoﬁga?:gr:he demonstrate a
2003. multivariate Their use 3\[;562?3 diqc:(t)(rﬁugﬂlnljser:t;))f iOﬁ' standard actual im- Maintenance férgtfoﬁg’llg:nit_lon mean relative error With real gggdp:ggi?;ﬁ'ilt';y No
05 least squares ' 7.02285 s rt(NL?mber of actual pacts, number of test processes. osed of about MRE and the fol-  data. of the effort re- '
regression. . a cases, actual effort p lowing variants of .
impacts) measured as man- 40,000 software the measure qulred fora
Total effort of the work-packet = days, total number of components. PRED: PRED 15 mamtenance pro-
@jizgg diqcrgrgggﬂlnier:t:)f ion— employed m_aintainers, and PRED 50. lect.
actual duration meas-
4.66005 sqrt(Number of non- ured as number of cal-
standard actual impacts) + endar days.
4.66005 sqgrt(Number of actual
standard impacts)
Outcome o Oliputs: Delvered defectsto  number of defects i _ Acuwalproject  An example where <imuiation modets
2003. Based Control Their combination to the custbmer jected into the software Not speci- data used for a software devel- identify not only No
19 Limits, for- create the models. ' ' fied. model parame-  opment firm is be- '

ward/ reverse

There are 5 formulas on paper.

percentage of total de-
fects injected at phase

ters where possi- ing contracted to

when the project is
“Out of Control",
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQS8 RQ9 RQ10 RQ11 RQ12 RQ13
simulation i, number of defects in- ble. Specially, ac- do a 52 KLOC re- but also provide
models. jected at phase i, num- tual defect injec- vision to an exist- an indication of
ber of defects that es- tion and detection ing product. what magnitude of
cape detection at phase rates collected by improvement
i. percentage of latent the company. Process diagrams, needs to be made
Inputs: Collected data. defects in the code at model inputs, and in order to bring
Outputs: Number of defects al- phase i that are de- model parameters the project back
lowed to escape as set by the  tected and corrected, were reviewed by on track.
Outcome Based Control Limits. number of defects that members of the
are detected and cor- software engineer-
There are 5 formulas on paper. rected at phase i, in- ing process group
spection or test effec- as well as senior
tiveness required to developers and
achieve the Outcome managers for their
Based Control Limits at fidelity to the ac-
intermediate phase. tual.
Table B3. Automated process performance analysis methods: Answers to research questions
ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
SPC, data They extend the idea of the Modi- Inputs: Process historical data. They suggest us- Data mining method can be used to find the hid-
mining, Modi- fied Centered CUSUMS, and pro- Outputs: Dataset for mining the causes of the ing Leverage to den knowledge from the data, and to identify the
2007. fied Centered pose a new data selection proce- mean change of the process, dataset for min- Any indi-  Not spe- _ indicate the valid- _ causes of process failure or success for quality No _
19 CUSUMS dure so that the associative dis- ing the cause of the variance change of the cators. cified. ity and im- improvement. In addition, this information can be '
control covery technique can be used in  process, association rules in the form: “If C in- portance of the used for the cause-and-effect diagram in online
charts. retrospective SPC analysis. puts are used then R will happen.” rules generated. process control.
Table B4. Automated process performance analysis methods and tools: Answers to research questions
ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
Inputs: Performance model, data calibration file,
type and input file with performance data to be ana- Analysis
lyzed. It can work erfoyrmed
Outputs: Table view with detailed evaluation of all  with any in- . p The main advantage of
L - : Case study with seven by the tool _, . L .
h An automated  performance indicators (PIs) for all projects, Report dicator, but ; this analysis is to point
Their pre- . ; f . . ) projects performed by a  was com- ;
2016. . tool to support  view with an overall summary or project-by-project itneedsa Not speci- . out problematic areas
vious ) h ) - PSP developer during the pared to No. -
11 their complete  most relevant top-level performance problems and model with fied where subsequent man-
work. ) : - . PSP Fundamentals and  that per- .
approach. potential root causes, Indicator view with the behav- the neces- S ual analysis should fo-
! - - ) Advanced training. formed by
ior of each Pl across the projects under analysis sary infor- the stu- cus.
and associated model definition and calibration in-  mation.
A - . . - - dent.
formation, Diagram view with the same information
as the Report view plus additional details.
gggﬁgéous A method to au- LOC, dupli- They used a random One potential issue intro- \\A(/Z? it
. tomatically de- . - cated LOC, sample of 98 alerts from > P . Approximately 4% of
for moni- Inputs: Periodical snapshots of the source code. McCab h luati iod and ducing the alert service used dd .
2012. toring Fect events to Outputs: Indication of outstanding events, trends or crabe Not speci- t € eva uation period an in a new environmentis over 20 generate . _ata points
A improve the pre- ) . - " complexity, .. - interviewed the receivers — - were classified as
06 technical . thod’ other signs in the data that indicate potential prob- d d fied. f th | d choosing the thresholds months ing 876
uality of vious Metnod's o ms an alert email with this information. epena- 0 .t ese gens_to _c—_zter- for sustained and abrupt for a events, causing
q responsiveness ! ency mine their desirability and ; alerts.
software - event detection. subset of
and scalability. counts. expectedness.
products. systems.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
} They were able to mi-
EEEUM zzzgepgf?;_ Inputs: Data collected from continuous building and Histori- Simulations to decide is- With the grate their weekly or -rrnz‘?/{avrfg:titf)lfh?rg:n—
; °9 automated tests. sues such as the number monthly monitoring cycle .
control sion testing at X . . Database cal test X . manual ual overhead in detect-
2012. charts beginning of the Outputs: Pangls_ shpw_lng qnqsual pgrformance is- perfor- Stable data on of points under analys!s. procedure of several kgy perfor- ) ing anomalies and re-
’ ' sues and assisting in identifying their causes . software Case study and experi- mance metrics to a daily Yes. L
20 CUSUM- development I - ) . mance vari- . DBMS o estab- ) duce the analysis time
through data and differential profiler (comparisons evolution. ence of the organization . cycle, with faster feed- f L
Shewhart - cycle and auto- between a previous profile and the abnormal one to ables. evolu- when using the proposed lished pre- back to the developers for identifying the root
control mation of most - pre p e tion. 9 prop viously. elopers, causes by about 90
find code portions which were modified). framework. therefore reducing inves- -
charts of the work. L percent in most cases.
tigation cost.
An approach to Inputs: Strateglc, tactical and_ project needs. _ Use of strategic and tacti- The survey showed that Throu_gho_ut strategu:_
define and mon- Outputs. Steps _to help to deflng anq plan strategic, . cal planning phases in ac- professmna}s expected plannlng it was possi-
2010. SPC, ) . tactical and project goals, considering SPC and - Not speci- R good benefits from the . ble to identify issues
itor software im- - ) - ademia with a survey. - Partially.
07 agents. software measurement, alerts for real or potential fied. . . enactment of the strate- that could threaten the
provement deviati P lated I d duri The infrastructure is un- ic olanni hi fthe d
oals eviations from related measures collected during der development gic planning accom- achievement of the de-
9 ) project. ) plished. fined goals.
Table B5. Process performance analysis methods: Answers to research questions
ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
2017. SPC, Fishbone Theiruse on  Inputs: Business Objectives. Sales/ department  Not speci- - One example of its This architecture
03 analysis, correla-  an organiza-  Outputs: Process performance mod- revenue, labor utili-  fied. application. serves the high ma-
tion analysis, re- tional process els and quality and process zation rate, delay turity process improve-
gression analysis, asset library  performance objectives. rate, production effi- ments conveniently No _
Monte Carlo Simu- architecture to ciency, rate of re- and it is with the exten- '
lation and sensitiv- support high quirement change, sibility and easily im-
ity analysis tools.  maturity. defects density in plemented by software
the acceptance. enterprises.
Inputs: Historical data.
Outputs: Steps followed to analyze Th_e u;sagg Of. the anal- b
process performance including mean . h ysis ohoh Jlectlvrf S ap- \Les, ut
2014. SPC. Nor_1e, merely and standard deviation analysis, spe- — l\_lot speci- T ey c_io not None. proac fepst e com- they do o
12 their use. ) ; e S fied. detail it. pany during the pro- not detail
cial causes of identified variation, de- cess of achieving high it
mographic data analysis, data re- - g hig ’
maturity levels.
moval.
Inputs: Historical data. Percentage of de-
metics elated to rganizationl busi- found m aperation XmR chartis the most
e SR . They com-  useful, if itis comple-
GQM, SPC, ness objectives, determine if it was percentage of high- . L
They report . . . . . 852 defects They conducted a  pared results mented with additional
2013. EWMA control the steps worth applying SPC to a given metric, severity defects Not speci- reported du-  SCAMP! type C as-  of EWMA stability tests. EWMA ~ No _
08 charts, XmR con- p choose the frequency that allows re- identified in produc- fied. ep yp Y : '
used. . . . . ) ring 2011. sessment. charts and charts have narrower
trol charts. acting as quickly as possible to pro-  tion/ testing, per- XmR charts. limits
cess changes, choose control chart  centage of defects ’ ’
types, verify process stability, and caused by faulty
use limits as baseline. logic.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
CPU utilization, With engi- They identified test
Thev pronose Inputs: Process inputs such as the MySQL 10 read neers’ c?assi- runs with performance
twoyr% r%- load, process outputs such as perfor- bytes/sec, Tomcat Two case studies, fication in regressions having
cess'?n pste s mance counters. pool paged bytes, one on a large en- case stud 75% precision and
g step Outputs: Steps involving running Tomcat 10 data . Historical data terprise software Y 100% recall in the first
2012. SPC, control on the counter : . Not speci- one, and with
tests, generating test baselines, pre- bytes/sec, Tomcat .. from the com- system and the L case study. No. -
24 charts. data before : . fied. five injected . .
p processing counter data before con- 10 write bytes/sec, pany. other on an open- .~ They could identify four
constructing ) ) programming S
structing control chart, creating con- Tomcat 10 data op- source software sys- .. out of five injected
the control A . scenarios in L
trol chart, and detecting performance erations/sec, tem. common inefficient pro-
chart. - A ; case study B T
regression violations. Tomcat 10 write op- o gramming scenarios in
erations/sec. ) the second case study.
Average schedule / ef- They can field
fort deviations im- larger team
CMM, CMMI, PSP, Inputs: Historical data. proved, system test du- siz?as and main-
Balanced Score-  They report Outputs: Steps followed to analyze . . ration was reduced, Yes, but .
2012. - . Schedule, effort, ins- Not speci- . h ) tain schedule,
27 card (BSC) their evolution process performance as they adopted ections. defects fied Examples. - team inspections and  with no cost. and qualit
Team Software and results. CMM, CMMI, PSP, BSC and TSP, in- P ! ' ’ personal reviews re- detail. . q Yy
h within known
Process (TSP). cluding control chart examples. moved more defects, )
; process capabil-
profit averaged, test it
and rework reduced. Y-
. ; They analyzed
I:t?llocrﬁ:ﬁ a llgsljjéss Process performance analysis The application of the time, cost and
2011. Literature measugres and Out ut's_ A catalog of measures and  — Not speci- Its use at a CMMI _ catalog proved to be Yes product quality,
14  reports. L Dutputs: 9 fied. level 3 organization. simple and clear to the ’ and derived
indicators for indicators related to the processes for b -
high maturity. SPC project managers. some improve-
) ) ments.
Inputs: Historical detected defects. Data collected in the Spdletgls\}frz ::eo_n-
2011. None, merely Outputs: A qugllty system with ul—ch_art Defect density. Not speci- Organization They tested itin With real de- u-chart can be used as Yes, in sistent with the
17 SPC, u-charts. their use of defect density per program, distri- fied historical data. > o system devel- fects values. basic data to predict ~ Soro actual results in
’ bution of defect density to allow cal- ’  opment projects. ’ L p projects.
; o remaining defects. five of the pro-
culation of probabilities. jects
Inputs: Desired and actual values of )
cumulative failures. . huttle fail h h Thvellre vyaslfr_lot a st_?ftls—
2011. Design of experi-  They provide  Outputs: Steps to use statistical tests ) NOt speci- Shuttle failure - They usec_it e tically significant differ-
23 ments one examol N timate whether there i iqnifi- Defects over time.  fied. data from method with histori- — ence between cumula- No. -
. ple. to estimate whether there is a signifi : -
. h NASA. cal data. tive failures and target
cant difference between desired and
values.
actual values.
Inputs: Historical data. -
CMMI, visual pro- A method that Outputs: Steps for process analysis They sum_manzed Practices show that
lina | hiah- includi how SPs in each PA hi h |
2010, €SS modeling lan- suppo_rts igh- incl uding VPML-based process mod- Duration, cost, qua- Not speci- of CMMI level 4 and this met o_d greatly
12 " guage (VPML), an- maturity pro-  eling, automated process simulation, lity ! ! fied level 4 can be sup- eases the implementa- No. -

alytic hierarchy
process.

cess improve-
ment.

process evaluation, rule-based pro-

cess optimization, identification of op-

timized process priority.

ported by the
method.

tion of high-maturity
process improvements.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
Inputs: Historical data. The approach can
Outputs: Steps followed including put- serve 22 the basis for a
ting together an improvement team,
. P o Change Manage- . roadmap to enable IT Average weekly
CMM, Continuous ) ) def!n!ng aclear aim, identifying anq ment process: emer- . Organizational One'exallmple ofits organizations to incre- defect ticket rate
2010. - Their combina- defining measures of success, brain- ; : Not speci- ; application at a real " M
Quality Improve- ) } ) ; gency tickets per ) data in IT ser- P - mentally "move up" the Yes. dropped, and
21 tion. storming potential change strategies ; fied. ) company with im- o . L
ment (CQI), SPC. to produce imorovements. plannin week, defective vices. rovements CMM capability chain, process variabil-
prog prov P 9. items. P ) and to eventually ity improved.
collecting, and using data for facilitat- .
ing effective decision-making, apply- achieve world-class
Ing 9. apply operational results.
ing SPC.
. . . . c-charts and patterns
They identified Inputs: c-charts with historical defects Software Defects from can help QA teams
h data. . Eclipse and ) .
2010. six common o . ’ maintenance Various examples better monitor and un-
SPC, c-charts. . Outputs: Six quality evolution patterns Defects. Gnome pro- ; . No. -
29 quality evolu- for SPC. with expected effects and and evolu- iects using data. derstand quality evolu-
tion patterns. T WD €Xp tion. ! ' tion and prioritize QA
possible actions.
efforts.
One example ap-
They propose Inputs: Historical data. Number of lines of \I/Evzghog?;ﬁgli gf:t tg;.lggf thga_ Iazé\gi:?z:%eetoro-
SPC, experience  four “monitor- Outputs: Four “monitoring problem — code / man-hours ’ ) - - p
NS ) - ) from the gen- was used to validate cess in use, continu-
2009. from empirical in-  ing problem — SPC-based solution” patterns that as- spent for reverse Not speci- A -
02 vestigations inin- SPC-based sist in defining baselines, detectin engineering or res-  fied eralization of - whether SPC would - ously tune monitoring - No. -
9 . ‘efining baselines, 9 ar 9 ’ their experi- have been able to sensitivity and identify
dustrial contexts.  solution” pat- anomalies, investigating root causes toration of a Cobol in ind . he k Il the K )
terns and performing tuning actions program ence in indus- point out the known all the known improve-
’ ’ ' trial contexts.  process perfor- ments.
mance changes.
Inp_ut_s: Defects data for each defect  Defect injection rate Effort, schedule,
activity. / defect removal ef-
Outputs: Steps to estimate defects re- fectiveness per ) ) and defe_cts
. . > . ] After applying the With actual ) . were estimated
They identify moved in each iteration, analyze de- phase, pre-release / hod f | } | Benefits observed: bet- based -
. . appropriate fects detected and corrected before  post-release defect . method for several  project vat ter management of ased on project
2009. Multiple regression ] . f - - h . .~ lterative de- Company years, they con- ues and with objectives and
: control points  integration testing of each iteration to density, productivity, h : R process data and Yes. o
07 analysis, F test. h : 4 P . A } velopment.  data. ducted interviews organization s organization
in each itera-  predict defects removed in integration defect injection dis- and analyzed histori- historical quantitative control of baselines. Sche-
tion. testing (same steps apply after all it-  tribution, % detect- Y projects. )

) . f h . cal data. data. dule, cost, and
erations with system testing), and es- ing effort, % fixing uality were mo-
timate defect-detecting / defect-fixing effort, test / rework quaiity

- . nitored.

effort of system testing. efficiency.

Inputs: Historical data. ) )

Outputs: A framework with stages L'S.t of metrics for_ re- They used the The weapons system
They created a and activities regarding domain anal- quirements tracking, framework on a with the framework ap- They derived

2009. Software reliability framework for ) - 9 9 h complexity, inspec-  Not speci- e N . P i
ysis, establishment of software relia- . ) company’s historical — plied showed improve- Yes. some process
12 models. weapons sys- .. ) tion and review, fied. . ;

bility goals, data collection, data anal- ’ A data on two prod- ments in software qual- improvements.
tems. . ’ I testing and reliability .

ysis, evaluation of software reliability, ucts. ity.

L ’ growth models.
application of improvements.

Their previous ghe‘y‘addedk | D § PSP . Schedule, scale, They _performed an They calcu- Incirporatlr;g decision-
work. data envel-  decision-mak- nputs: Data from PSP metrics. scale / ime estima- experiment on a lated three ~ Making preferences
20009. ! ) ing prefer- Outputs: Capability assessment re- ’ - standard and repre- . can ensure the assess-
opment analysis, tion accuracy, recip- PSP. - . different ca- . No. -
26 . " ences, and sults of the PSPs, Returns to Scale sentative PSP da- - ment results will be
analytical hierarchy ; - rocal of defect den- pability : .
scaled project analysis. - ) taset selected from consistent with the or-
process. sity, process yield. . scores. o o
assessment. Putz’s book. ganizational objectives.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
Inputs: Historical data. Proiect tracing and
Outputs: A model with steps for defin- marJ1a in sug ro-
ing indicators for organization busi- .g 9 p )
They create a ness goals, choosing project process cess: schedule / Data from the They merely explain
2009. SPC, GQ()M, model to per- subprocesses, collecting metrics, cost/ workload / Not speci-  ine software  One example. - the method and the ex- -
28 IDEAL. form SPC us- h ; code / file deviation fied. ) ample, but do not pro-
h mapping metrics to subprocesses, . projects. - )
ing GQ()M. evaluating contribution of subpro- rate, code / file de- vide any conclusions.
g . . P fect density, defect
cesses, controlling and improving U
injection rate.
subprocess performance.
Inputs: Hlstorlcal data. The authors describe Variability of unit
Outputs: Steps and tools to support Product sizes, in- challenges in deployin cost and aver-
SPC, chi-square,  None, they establishing goals, collecting data, ! ! Not speci- ) . eng ploying
2008. ) ; L spection rates, prep- .. Merely their experi- statistical methods, age cost de-
regression, merely report  storing data, providing data, analyz- . fied. - T Yes. -
07 ) ) f : aration rates, defect ence. challenges in imple- clined, post-de-
ANOVA. their use. ing data, performing causal analysis densit mentation. and various livery defect
and decision-making, and taking cor- Y A Yy
. : guidelines. density reduced.
rective action.
SPC, Hotelling’s T2 Thev pronose Defect density, de- One example of use
charts, multivariate Y prop! g fect rate, component with data from a real They show an applica-
cumulative sum amultivariate  Inputs: Historical data. complexity, require- roject. The project tion of the method us-
2008. analysis in- Outputs: Steps of multivariate analy- plexity, req Not speci- project. proj h
control charts, mul- L ] - ments change, ) comprised 7 work ~ — ing real data, but do No. -
09 - stead of a uni- sis to identify causes of out-of-control . fied. - .
tiple linear regres- variate analy-  signals wrong implementa- packages divided not derive any conclu-
sion, ANOVA, sis Y 9 ' tion, product size, into 22 scheduled sions.
t-test, PSM. ) used effort. tasks.
They report Inputs: Historical data. Historical data '-9550’.‘5 leamed fr(_)m
common er- Outputs: Common errors in process ) from 1,093 en- analyzing the data into
2007. SPC, ISO/IEC rors l_)ased on analysis regarding non-normal data  Productivity. NOt spect- hancement Examples. - threfe do's and foqu No. -
15 15393. areview of a distributi d . d fied. h don’ts for productivity
data analysis |_str| ut_lons, a’Fa aggregation, an projects over and measurement
misleading metrics. four years. :
process. analysis.
Inputs: Historical data. Dearee of client sat- The tool set selected
Outputs: Steps followed to identify or- . are . proved to be helpful to
e ! isfaction, on-time . . .
2007. GQM, Balanced None, they ganization |nf0rrr_1at|on needs, _estab- delivery, cost devia- Not speci- H_lstorlcal data attain CMMI level 4 re-
’ ! merely report lish goals, questions and metrics and . ’ - ) since CMMI - - quirements, although it No. -
26 Scorecard, 5SW1H. X LT tion, productivity, fied. f S
their use. related processes, review indicators, ; level 3. requires a significant
i defect containment .
choose statistical tools, analyze pro- rate amount of analysis ef-
cesses, and generate baselines. . fort.
. This allows analyses
They monl_tor Inputs: Data collected and classified from more a general to
the execution in problem categories Heterogene- a more specific level of
of a process P T 9 ' . Problems detected ous and geo- re sp
2006. 5 Outputs: Limits that are used to moni- } detail. Such analyses
SPC. by measuring from each of the graphically - None. - . No. -
03 the supportin tor the process performances, and USer sites distributed allow to make previ-
1pp 9 are automatically each time the pro- ’ ) sions on the process
ones it de- | sites. . .
ends from cess starts to become unstable. being monitored and
P ) controlled.”
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
SPC monitoring
highlighted all

A framework The framework has SPC-Framework ap- relevant shift oc-
that interprets monitored a reengi- pears as an effective curred in the
2006. SEC gnd ap- Inputs: Historical data. Productivity Not speci- neering process of and nonintrusive mstru- process perfor-
SPC. plies it from a . . ) - an aged banking ap- - ments for supporting  Yes. mance, and sug-
05 Outputs: Process performance moni- (LOC/hours). fied. AN ]
software pro- : plication that the project manager gested when to
- tored and action taken. ) ) )
cess point of needed to be rejuve- during project execu- recalculate the
view. nated. tion. reference to be
more/less accu-
rate.
Using SLIM-
Control for plan-
SPC, Data mining, Inputs: Historical data on some tools ilfﬁocr:)’s(iczjsft ogoqrual— MSR method was ef- ning is an itera-
2006. QSM’s Software Using them to- puts: . ) - by, cost of poor Model-driven fective in helping man- tive process. At
) Outputs: Process control and im- quality, inspection - Its use. - Yes. : .
28 Lifecycle Manage- gether. ; e ? . development. age these MDD pro- milestone points,
provements identifications. effectiveness, size .
ment (SLIM) tool. d jects. they added new
efect rate. :
data into SLIM
for replanning.
Inputs: Historica data, type of process
quality intented.
They try to Outputs: Scenario 4 (Shewhart charts
SPC, Shewhart help when the of upper process is out of control,and
2005. control charts, Se- variation prob- Shewhart charts and SCC charts of Not speci-
- ) - None. - None. No. -
11 lect Cause Control ably results target process are under control) or fied.
(SCC) charts from other pro- scenario 8 (Shewhart charts of upper
cesses. process,and Shewhart charts and
SCC charts of target process are un-
der control).
CMM, QFD, Goal- The cultural challenges
driven Measure- Five areas: size. ef- imposed by the SPC
ment Process, fort schedﬁle d‘e_ They com-  implementation must A 5% increase in
GQM, Simplified Inputs: Business goals. X S . . pared level 4 not be underestimated. costs on each
2004. ; - . . ; " fect, and risk. Plus  Software Their use on four pi- : - . .

02 Quality Functional Their use. Outpu_ts. Pro_]ect measure analysis project staffing, du- maintenance. - lot projects metr_lcs with  Project Ieaders must  Yes. project can b_e
Deployment, and diagnosis. ration of activiti’es ’ ’ previous be able to think about expected owing
ISO/IEC 9126, and changes ’ level 3 ones. measures in quite a dif- to SPI activities.
Simplified House of 9ges. ferent way.

Quality.
Inputs: Historical data. Organizations that can
- Outputs: Controls, like mail notifica- _ . achieve such tight per-
2004. Six Sigma, TQM, None. tions, that take advantage of the im- Back orders (per NOt spect - Examples. - formance in key design No. -
04 SPC. centage of orders). fied. ; : )
provement zone between 3o and 60 dimensions can yield
process performance. enormous benefits.
. . . The use of a control
Simulation. Data is .
generated by ran- mechanism decreases
2003. SPC, Feedback Their combina- Inputs: Business goals. Software Test Pro-  Not speci- domly slowing down the dependency of the
Process Control, . X . - : - process on the man- No. -
02 tion. Outputs: Process changes when nec- cess(STP). fied. the exponential de- ’ .
SPC log. ager skills and thus im-
essary. cay of errors for the . )
proves its controllabil-
process. !
ity.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
. Inputs: The expected decay (Target T_he SPClog tech_- Results demonstrate
A variant of Center Line) and an initial value The number of er- Process pre- nique presented is the applicability of the
2003. SPC based on : : senting an evaluated using sim- pp Y
SPC. . should be provided. rors found per time ) ] - approach, and its cor- No. -
03 a logavithmic Outputs: A process with an exponen- unit exponential ulation and data col- rectness, when applied
transformation. 0 PUtS: A P - p ’ behavior. lected from a com- - pp
tial behavior controlled with SPC. - ) to the testing phase.
mercial project.
Size of the product SPC is a powerful tool
or lines of code in- to optimize the amount
spected, rate of of information a man-
Inputs: Collected data on inspection. preparation in lines ager must use _tc_» make
Some tips on  Outputs: A better interpretation of the of code per hour, . actionable decisions
2003. SPC, control ; . : ) g number of staff Not speci- about the process.
its adoption for control chart, and the identification of N None. - " No. -
07 charts. hours expended, fied. However, to avoid
software. problems even when the defects are ber of | drawing i
inside control limits number of people on rawing incorrect con-
’ the inspection team, clusions from SPC
initial number of de- charts, we must con-
fects present in the sider multiple
code. measures.
Defects per million Although 6SSP is still
opportunities (num- relatively premature
The sugges- Inbuts: Proiect initiatin ber of keystrokes, with overwhelming un-
tion of their puts: X ) 9- . number of lines of . resolved issues, it of-
2003. <. o Outputs: Software developed with Not speci-
11 Six Sigma use on so_ft- less defects and better customer sat- non-commented fied None. - fers_hope to those w_ho No. -
ware engineer- . .. source code, num- : are just about to resign
. isfation. : « »
ing. ber of function to the “late and buggy’
points, and number work of the software
of executions). world.
Coding-and code-re- By managing the code
. - review process, they
VIEW Scenario: aver- can make it conform to
age tlme_ spent for They tested the specifications. By con-
preparation for re- h
; . method on two pro- trolling the process,
view, preparation ) L They performed
- - cess automation they can maintain it
SPC, XmR charts, Inputs: Historical data. speed, review . . - ) L Yes, on some process
2003. . . . Not speci- projects (Projects 1 within its control limits. N
u-charts, cause- Their use. Outputs: Process improvement op-  speed, defects de- fied and 2) and two con- By improving the pro- 4 pro- improvements
and-effect diagram. portunities. tected in the code ’ yImp 9 P jects. throught the pro-

review of unit, de-
fects detected in unit
testing, module test-
ing, and system
testing.

sumer electronics
projects (Projects 3
and 4).

cess, they can improve
its capability. The chart
itself does not tell what
to change; it only iden-
tifies the improvement

opportunities.

cess analysis.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
Not only did the
client benefit, but
also the IT or-

;r;e me%ds(l)ﬂ_ ganization: relia-
PP The use by an IT o . bility and accu-
ware develop- . ' Six-sigma quality can .
; . . . The area of critical company, a supplier racy increased
2003. <. o me’?t lite pycle Inputs: A project starting. mass was deter- Not speci- of medical equip- push the bar of opera- by 88%, cus-
" Six Sigma, DMAIC. against six- Outputs: Improvements done, evalu- ) h ) ; - tional excellencetoa  Yes. !
16 > K mined to be unit fied. ment, facing the In- : tomer com-
sigma quality ated and shared. testin ternet competition level of perfection laints were re-
cycle and pro- 9- challenge P never before imagined. guced by 75%
Ject mﬁ;nage—l cycle time reduc-
ment life cycle. tion of 28%, and
rework was re-
duced by 82%.
. They reduced its
Six Sigma in-process fail-
helps to match ure cost from 5
the process 10 1 percent
) ] improvement Six Sigma and SW- thus red in’
SW CMM, Six goals with cus- CMM complement us reducing
Sigma, Pareto | . d R K index. fail h oth d the cost of qual-
2003. analysis, cause- tomer expecta- Inputs: - Customer needs. ework index, fail- - speci- Their use on one each other and to- ity. The center
’ ' . tions and to Outputs: - Process performance man- ure cost, schedule ) gether can help an or- Yes. .
17 and-effect analysis, ! ) . ) fied. center. o - also had process
X X predict and aged and continuous improvement. slippage. ganization meet its pro-
Quality Functional measure the cess improvement and technology
Deployment. I P improvements
capability in goals. for cycle-time re-
schedule, ef- duction and
{;)rt, and qual- productivity im-
Y- provement.
Table B6. Process performance analysis methods and tools: Answers to research questions
ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
Inputs: Historical process data. One example. A survey
2014 A software tool with  Outputs: Tool support with steps to prepare for Not speci- was conducted with None. It is an ongoing work
29 * SPC. knowledge to guide performance analysis, verify stability, verify ca- Coding effort per requirement. fied P - specialists to evaluate — and authors point out future  No. -
its application. pacity, establish performance models, monitor ’ the proposed set of ac- work and evaluations.
stability, monitor capacity. tivities and tasks.
SPC. difficul- A process to help Inputs: Organizational needs. They analyzed process They believe that integrating
2012. ties i’n A0Dly- with identified diffi- ~ Outputs: Tool support to perform measurement Not speci- adherence to the these features will reduce in-
14 ’ in spcpp ?le- culties and an im- planning for SPC, measurement collecting, Not specified. fied P - MR-MPS maturity - consistencies and make SPC No. -
vigus toélp provement tool to measurement results analysis and process es- ’ model and provided techniques less costly for or-
) support this process. tablishment and control. tool screens. ganizations.
They verify require-  Inputs: Historical process data.
ments for quantita-  Outputs: Tool support to capture data, assess They applied A2QPM . .
2 . h o Lo . . . The authors provide a list of
012. SPC, Six tive management the suitability of a software process and They applied in 12 different pro- Not speci- retrospectively to 12 )
30 } . o ; ) - - - lessons learned from this ex- No. -
Sigma. and specify software measures for quantitative analysis, analyze a  cesses. fied. processes at six differ-

process components
and measures.

software process with respect to its qualifying

measures using SPC.

ent organizations.

perience.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
Inputs: Historical process data. With a tool which guides us-
Outputs: Tool support to import data from other Bug creation / actual finish / esti- Emergent They analyzed all the ers for rational sampling and
. tools, organize data, define metrics and choose mated finish date, aging / esti- 9 Yy Y . metric utilization, an organi-
2007. They build a tool to ) . AR . and low ma- bugs reported during 6 h
14 SPC. support SPC ones appropriate for SPC, choose correct SPC mated aging, estimation vari- twrity organi- months (62 data - zation can apply SPC tech-  No.
’ techniques, guide rational sampling, define de- ance / capability, priority, prob- ) ; niques and attain the ability
) Mg ; zations. points). :
rived metrics, interpret chart outcomes, guide lem source, status. to understand its processes
what-if analysis based on rational sampling. based on quantitative data.
Inputs: Historical data, process goals. E:;Qii;’g}gﬁa;reﬂuig%ﬁ; pr(()j-e_ AMM has been adopted and
: Outputs: Quantitative objectives controlled by - ging'taroring, . : implemented in SoftPM. It
SPC The creation of the fect ratio, effort distribution, Examples of its applica- .
2005. measures focused on the stable control of . - h can support software organi-
14 GQM model and support- these objectives. They use x - S chart to schedule variance, customer/ No. - tion through maturity - zations manage their process
PDCA ing tool. : L stakeholder satisfaction, stability levels 2 to 5. .
measure and control the productivity of the pro- . . effectively under the appro-
of defect ratio/productiv- )
cess. ) . priate measurement.
ity/schedule variance.
Table B7. Process performance baseline building methods: Answers to research questions
ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
They use DEA . . . B They applied They compared .
Data Envelopment VRS to ana- In_put_s. Historical data Project size, d_evel statistical tests different ways of DEA ca_n_be used to con
L - . with inputs, outputs and  opment / quality ) h . duct efficiency analysis and
2015 Analysis with Vari- lyze productiv- decision-making units conformance / soft- Not speci- 79 software - and interviewed  using the same adopt good practices from
' able Returns to ity. They ana- 9 ; ) p development people about the technique, and in- pt good p ) No. -
10 (DMUSs). ware maintenance fied. ’ . ) frontier projects and avoid
Scale (DEA VRS) lyze effort sep- . Eronti ith ¢ projects. highest- and low- terviewed people itfalls of fronti
model arated into Outputs: ror_1t|er wit non-conformance est-productivity  to confirm their re- p|t alls of non-frontier pro-
' best-performing DMUs.  effort. jects.
three types. products. sults.
e The usage of the baseline  Yes, but
2014. SPC. None, merely Inputs: Hlstoncal data. . Not speci- consolidation approach they do
. Outputs: Steps followed Not specified. ) - None. - -
12 their use. to consolidate baselines fied. helps the company to not de-
) achieve high maturity levels. tail it.
Inputs: Historical data. Ssr:f':j Cli ;Zani?/:ﬁe
They report Outputs: Steps followed Defects per 1,000 The organization realizes Yes, but . 9
SPC, XmR control : . ) project team an over-
2012. charts. grand steps used to  to select measures, con- lines of source Not speci- One example of benefits both before pro- they do all sense of what the
15 9 generate base- trol charts, define base-  code in requirement fied. an XmR chart. jects begin and while pro- not de- ;
mean. ? . : ) . d ) N defect rate is. They
lines. lines, split baselines, and code reviews. jects are executing. tail it. use this to estimate
maintain baselines.
rework effort.
Defect injection After applying
s . rate, defect removal the method for . . X i Effort, schedule,_and
They suggest  Inputs: Historical data on . With actual project Benefits observed: better defects were esti-
) - effectiveness, pre- ) several years, .
20009. a list of 10 suggested metrics. Iterative de- Company values and with management of process mated based on pro-
SPC, XmR charts. N release defect den- they conducted o X L Yes. . S
07 measures for  Outputs: XmR charts of . it velopment. data. . : organization his-  data and quantitative control ject objectives and
baselines the metrics sity, test efficiency, interviews and torical data of projects organization base-
’ ’ and rework effi- analyzed histori- ’ ’ lines
ciency. cal data. )
] XmR charts can be used to
Inputs: D_ata on turn- . . Application  Incident data create baseline values for They achieved 50
. around time for severity  Incidents per sever- - ) - S
2008. XmR charts, Six None, merely N . } Service from nine Just one exam- turn-around time to set the percent reduction in
. . 1 incidents. ity, turn-around time - . - o . . Yes.
03 Sigma. their use. . . Mainte- months of a  ple of its use. control limits. This helps in average turn-around
Outputs: XmR chart of for severity 1. . - . . ’ L
nance. project. monitoring the project using time for incidents.

turn-around time.

SPC.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
Coding process BSR is providing an effec-
and reg Eirement BSR was applied tive method to establish and The experiences of
q on 3 organiza- maintain the process perfor- the three organiza-
SPC, GQM, PSM, . ! management pro- ; ! - -
Pareto. causal- ) Inputs: qum_ess goals of cess: relative ) tlons throughqut mance ba}sellne when the tions validate that
2006. : ) The creation of the organization. ’ L Not speci- their process im- organizations want to man- BSR approach is ef-
and-effect dia- X schedule variation ) : - . Yes. . N
27 the method. Outputs: Process perfor- fied. provement lifecy- age these processes quanti- fective for evolving,
gram, scatter ) ) of task, module de- . . -
chart mance refined continu- fect density, re- cle from Ipwer tatively. BSR me}hqd is also gsltabllshlng and re-
) ously. . ! level to higher helpful for establishing pro- fining process perfor-
quirement change :
rate level. cess benchmark for soft- mance baseline.
) ware industry.
CMM' QFD, Goal- The cultural challenges im-
driven Measure- - L .
ment Process Five areas: size, ef- posed by the SPC imple-
P Inputs: Data to be col- fort, schedule, de- They compared mentation must not be un- A 5% increase in
GQM, Simplified X Software . . . . .
2004. } - ) lected. fect, and risk. Plus ] Their use on four level 4 metrics derestimated. Project lead- costs on each project
Quality Functional Their use. . . ) mainte- - . N | . . Yes.
02 Deployment Outputs: Process capa-  project staffing, du- nance pilot projects. with previous level ers must be able to think can be expected ow-
ISC'))/IEC 912’6 bility baseline. ration of activities, ’ 3 ones. about measures in quite a ing to SPI activities.
L ’ and changes. different way.
Simplified House
of Quality.
Inputs: Historical data on Software inspections help
?rfas{sG)?rwﬁ ré’gn_ inspection process. Inspection rate ?ggtglljg;_ Their application eliminate the chaotic impact
trol chél s, fre- Outputs: - Baselines for ~ (LOC/hr). vations were to estaglli)sh of software defects encoun-
2003. uenc hiéto- Their use the inspection metrics. Not speci- available baselines for the - tered during testing and No )
18 ¢ Y ’ Inputs: Historical data on fied. - . : field operations. Software '
grams, box plots, . . . about in- inspection met- h ) )
inspection process. Error Density (Er- : : inspections supply im-
u charts, zone ; ; spection rics.
Outputs: - Baselines for  rors/KLOC). portant measurements and
charts. ) - : process. .
the inspection metrics. metrics.
Table B8. Control chart specifications: Answers to research questions
ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
They applied it
. todefects . L ) : ~ ~ Data from An- They can judge statistical
NHPP poganth found in issue Inputs: Da_ta on defects in issue tracking sys Numperl of de- Open droid and Thun- stability and estimate ad-
2016. mic Poisson exe- tracking sys- tem over ime. fects in issue SOUrCe 4erpird open- One example - ditional development time No -
17 cution time 9 Sy Outputs: Control chart of fault-count data per  tracking sys- software op pie. L pmern ’
tems for open- ; source issue for attaining failure inten-
model. development progress. tems over time. (OSS). ; :
source product tracking systems. sity.
development.
NHPP growth Inputs: Data of detected faults. Implemented
curve models They propose Outputs: u control chart of the number of de- deeelo ment Five datasets of They can quantitatively
(exponential, de- a control chart tected faults per development size per iteration _. p actual agile soft- assess the quality of soft-
L size, number of :
2015. layed S-shaped), to statistically number. ’ ware develop- Examples with ware products developed
: - executed test  Agile. A ’ No. -
14 Moranda geo- assess agile  Inputs: Data of detected faults. ment projects real data. using u control charts
- b - cases, cumula- -
metric Poisson  software pro-  Outputs: u control chart of the number of de- tive number of from three devel- with test cases or devel-
model, u control jects. tected faults per test-case per iteration num- opment genres. opment size metrics.
detected faults.
charts. ber.
Inputs: Data of defects count and functional C_ode peer re- ng slamplﬁshor Th h | It a%pears
2014 One example size for code peer review process VIEWPrOCEss, ¢ spe- moaules whic hey show one example  so, but
" u control charts. . . ) . defect density, o were completed  One example. - with outlier identification  they do -
01 of its use. Outputs: u control chart of defect density per ; ional si cified. in 2 ith d d
code peer review. unctional size, in 2008 wit 1 data and treatment. not ex- -
) defects count. On peer reviews. plore this.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
Inputs: Data of defects.
Outputs: XmR control chart of new defects per \',\‘v:\gkdzf;ztcstsper Sggérfcl) 32?;;?22 be
2014. XmR control One example week. Y Not spe-
b - discovered / de- . - One example. - whether apparent No.
02 charts. of its use. Inputs: Data of defects. cified. .
: . fects resolved changes in defect rates
Outputs: XmR control chart of the ratio of de- per week are significant
fects discovered to defects resolved per week. ) )
Mean of the one-
Inputs: Historical data step-ahead fore-
- ’ Number of de- cast errors, . EWMA Q control charts
2014. EWMA Q control They test that Outp_qts. EWMA..Q control chart of the data, fects detected  Not spe- mean absolute W'}h average  ,re attractive to control
modified Fast Initial Response EWMA Q con- . P - naive fore- ; No.
08 charts. control chart. trol chart of the data in a short-run cified. scaled error, ac- casts and monitor software de-
’ test phase. curacy measure, : velopment process.
smoothed error
tracking signal.
SPC, order sta- Inputs: Software failure data. They generate
tistics, Pareto They test both Outputs: Control chart of half-logistic distribu- Software failure failu)r/egcontrol They com- Failures are detected at
2014. Type Il distribu-  control charts tion of failure data. Fault ID, time of Not spe- data reported by charts for 5th-or- areyd both early stages with Pareto No
21 tion, half-logistic on software re- Inputs: Software failure data. fault. cified. Musa with 69 - p Type |l model then with ’
R S - . der statistics for control charts. s
distribution, con- liability. Outputs: Control chart of Pareto Type Il failure faults. half-logistic distribution.
both models.
trol charts. data.
Code inspection In one of the ex-
rate, code com- amples, the Q Q chart allows monitoring
2013 They test Q Inputs: Small samples and short runs historical plexity, defects chart was used in With conven- process performance us-
04 " Qcharts. chartin soft-  data. per type identi- No. a software project Three examples. tional XmR ing a small amount of No.
ware process. Outputs: Q control charts of data. fied during in- from a CMMI control charts. data in early development
spection, SPI, level 4 organiza- stages.
CPl. tion
Laplace trend
... They used the Inputs: Failure data. ; . ) 31 failure data, test. Results Mean Value Chart d‘.a'
2013. NHPP Burr distri- | . | ch f afi ) f the i Failure time, fai- Not spe- i how it i . tects out-of-control situa-
12 bution model mode on s_o_ft- Outputs: Cc_mtro chart o a unction of the time lure interval cified but not detailed  show it is possi- - tions at an earlier instant No.
’ ware reliability. between failures observations. ' ’ as real data. ble to estimate :
L than time control chart.
reliability.
. ' Inputs: Failure data.
f;it;rs;:caélggahty Outputs: Control chart of failure counts per They used the
2011. ' ) They provide  test. Defects over Not spe- Shuttle failure y T They identified an out-of-
— : P method with his- — PR No.
23 ; one example. Inputs: Failure data. time. cified. data from NASA. - control situation.
SPC, Poisson o . torical data.
control charts Outputs: Poisson control chart of failure counts
) per test.
Inputs: Defect data.
Outputs: u control charts of defect density per ) . Three-siama
priority level per document type per implemen- Defect densit Trouble reports ~ They investi- limits r 9 lts  Control charts are effi-
tation / maintenance. ini eecctioi se)r/-’ from requirement _ gated OUt_-Of_ weres CE?- ) cignt i(r)1 ;:noanitsofi‘ne ¥ ro-
2010. o\ charts.  They provide  Inputs: Inspection data. forr?]ance rpe— Not spe- documents and ~ control points to rod 10 2 cess stabilit andgcgn be No
26 ' " one example. Outputs: u control charts of inspection perfor- ’ cified. design docu- find an interpre- P Y ’

mance per inspection type per document type.

Inputs: Rework data.
QOutputs: u control charts of rework percentage
for type (code / document).

work percent-
age.

ments from seven
projects.

tation for them.

standard devi- used by lower-level soft-

ation limits re-
sults.

ware industries.

RelaTe-DIA: Methods, Techniques and Tools to Support Software Project Management in High

Maturity

56



ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ10 RQ11 RQ12 RQ13
Inputs: Build data from servers. Thev com- Thev made
Oqtputs: Control charts of fix time after failed Fix time after Data from pro- pareyd projects Using CMMI and Scrum impr{)vements
2009. SPC, CMMI, Putting them IbHUIIL(IjtZ' Stories effort data from standard check- failed builds, Scrum jects of the com- -grgr?i);;t?gr?ziln o productivity ::Zgﬁlt; ?Hfrzcgz I;esrlfg?—m- :\(A?os ’plrr:)— based on two
09 Scrum, Lean. together. Iis't) ’ flow in storigs ' pany over the data and found two mance while maintaining  jects projects with
Outputs: Control charts of flow in stories imple- implementation. years. with better CMMI compliance. better perfor-
mentation. performance. mance.
They propose . This is a solution to make
2009 Moving average a control chart gﬁ?gﬁispgtfg:rg%%ving average control chart N”'.“?e’ of re- Not spe- the rightjudgmem' on
11 " model, bootstrap to help decide of the nﬁmber of remaining software faults per maining soft- cified - One example. - software release time, No. -
scheme. on release time index evaluation ware faults. ’ and provide quality moni-
time. ) toring.
They propose Inputs: Minimal / maximal / expected time esti- mg'r:)l(éggg(g Characteristic values of
2009. a trgnsfor- mates to accomplish tasks, time spent on time estimates  Not spe- softyvare process can be
27 SPC. mation on data tasks. to accomplish ~ cified - One example. - unlflv_ed and SPC canbe No. -
before using  Outputs: XmR control charts of the transfor- tasks. time ' applied to monitor run-
SPC. med values. ! ning software processes.
spent on tasks.
Inputs: Data from the Integrated Master
Schedule (IMS) to track schedule progress Weekly task
taken against plan. perforrl'nance
Outputs: XmR of weekly task performance (ac- (actu; S c?m-
tuals compared to plan). pared fo plan)
Inputs: Data of weekly Scheduled Performance
Index (SPI).
Outpugs: X)mR of weekly Scheduled Perfor- Weekly SPI.
mance Index (SPI).
Inputs: Data of weekly Cost Performance In- Managing with
dex (CPI). Weekly CPI Several programs have quantitative
Outputs: XmR of weekly Cost Performance In- ’ used the quantitative measures has
2006. MiniTab, MS Ex- ) dex (CPI). S Not spe- measures to overcome driven a two-
cel, SPC, XmR  Just their use. Inputs: Measures of each individual peer re- cified - None. - challenges and meet Yes. fold
control charts. view on the peer review tool. Peer review ’ stakeholder objectives increase in
Outputs: XmR of Peer Review Saves Per Size saves per size. that previously would defects re-
that alerts when the defect rate is high. have been out of reach. moved by
Inputs: Measures of each individual peer re- peer reviews.
view on the peer review tool. Peer review
Outputs: XmR of Peer Review Prep Per Size  preparation time
that monitors the effort expended reviewing a  per size.
work product prior to the peer review meeting.
Inputs: Measures of each individual peer re-
view on the peer review tool. ’
Outputs: XmR of Peer Review Hours Per Size Egjrrsr?)\gre:ilze
that monitors the total effort expended in a sin- ’
gle peer review for a product.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
The maintenance charts
Only the classifi- and the warning mecha-
. Inputs: Historical data on maintenance time ef- cation part: an . nism presented are valu-
SPC, mainte- A model for - L ; The classifica- .
nance catego-  building fort;, two boolean vanqbles indicating whether experlment eval- tion models able solutions for soft-
- ; a given code fragment is part of a test class, or . ) uating the per- ware process assess-
2006. ries, expert heu- maintenance f Time efforts per Mainte- .. were evalu- ;
L L . whether it was created as a result of source - formance of dif- ment, helping the manag- No. -
12 ristics, decision  charts basing code restructurin week. nance. ferent models ated and com- ers to easily interpret the
rules, Bayesian on initial effort . 9 " .. pared to each castly Interp
I Outputs: Control charts of time efforts per used for classify- evolution in time of
networks. estimations. - - h . other. ]
week, in three different process phases. ing efforts into maintenance efforts and
maintenance. to find the sources of
scheduling problems.
Inputs: Historical data on test process. Use not only
Outputs: Z chart bug rate within a department product meas-
per release product. The value of each bug Bug rate, early urement but
rate bi is normalized. bug detection also process
—— - : These examples show
Inputs: Historical data Peer Review Process.  rate, review that SPC i licabl measurement.
" Outputs: XmR control chart of Review Speed  speed, defect 2 IS applicable Put more em-
SPC, Z-chart Emphasis on > i densit' at peer and useful in software de- hasis on sta-
2006. which assumes processes ra- Fer fe‘_"gW mge Ilnc? P Review P reviewy ea?l Not spe- None R velopment. SPC can pro- Yes Eilit of the
16 Poisson distribu- ther than prod- !MPuts: Historical data Peer Review Process. bu détectign cified. : vide navigation to which : dat?a/ rather
tion, XmR chart. ucts. OUFPUIS' z CF’”"O' chart of Defect Density per ratg (for source direction we should im- than the
review meeting. prove our processes in a
code peer re- measured way amount of
Inputs: Historical data Peer Review Process.  views, review ’ data. Consider
Outputs: XmR control chart of Review Effi- efficiency. and be aware
ciency per review meeting group by projects. of the psycho-
logical effect.
Inputs: Number of defects, product size. SPC implementation is
Outputs: u-chart or XmR chart of defect den-  Defect density. not a straightforward task
sity. in an emergent software
Inputs: Rework effort, total effort. Rework effort A case study in organization. Relatively
Outputs: XmR chart of Rework Percentage. * Emer- an organization low-maturity processes
2006. o None. gentor- with data from may require some addi- :
24 Inputs: Number of defects found. i " . ganiza- seven projects tional effort before the ac-
fn[lu S: Number o detects found, inspection et- Revi " tions. with various tual implementation. Nev-
c())rf ts: XmR chart of | tion Perf eview perior- characteristics. ertheless, these costs
utputs: XmR chart of Inspection Perfor- mance. can be justified by the as-
mance. sociated improvements in
the processes.
Table B9. Project process definition methods: Answers to research questions
ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ1 RQ13
2
2014 Spiral con-  They proposed a model Inputs: Project goals and risks. Not spe- 4 examples of different ISCM supports adapting and applying multiple
" cept, high based on problems of the Outputs: Project process with a lifecycle of two stages, cifiedp - risk patterns yielding - processes as needed throughout a project, re-  No. -
maturity. spiral model. seven most common risk patterns as examples. ) different processes. gardless of size, duration, or complexity.
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Table B10. Project estimation methods: Answers to research questions

ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
Burn-down Using them to Inputs: Work planned in a burn-up chart ~ Work units ~ Not speci- - One example. - Preliminary experiments No. -
charts, burn-up create a method format, work completed until the actual planned, fied. revealed that the ap- They do
charts, Order to estimate how  observation. work units proach performs well in  not de-
2007. statistics, much additional ~ Oututs: Sequence of estimates. completed. practice. Project stake- tail its
14 Bayesian statis- time is needed to holders were satisfied  use.
tic. finalize planned since they can realize
work. the project progress at
any time.
. ) CPlexp = ((EVacumproj + Y 7(BACpn —
T_he integration of EVacumpn) + Y7 BACpn)) / With traditional The proposed technique
Earned Value historical cost . n . 22 software
2014. (ACacumproj + Y 7(ACexppn — Not speci- EVM tech- was more accurate and
Management performance data ™ . Cost. ) development Average error. h ) No. -
06 ACacumpn) + Y} ACexppn)) , where his- fied. ; nique and real precise than the tradi-
(EVM), SPC. to EVM tech- : ; projects. ;
nique tc_)rlcal data from stable processes is con- cost values.  tional one.
) sidered.
Wideband Del- Inputs: Project characteristics, process
phi, WBS, bot- They pronose an database, process capability baselines. With estimates New project estimates Yes. in The inaccuracy of esti-
2012. tom-up, process estir)rllgtioz ro- Outputs: Activities to estimate effort in- Effort Not speci- _ Used in two generated be- were less inaccurate two’ ro- mates dro ec)i/from
10 database, pro- P cluding Wideband Delphi estimation, bot- ’ fied. projects. fore and with  than old project ones (4- . P pp
L cess. S N jects. 15% to 6%.
cess capability tom-up estimation, consolidation, and re- real effort. 7% vs 11-21%).
baseline. estimation.
Inputs: Defects data. . ROl for the training in-
They used SPC : . Applying SPC to ROI Yes, by .
SPC, moving to calculate train- _Outpu_ts. steps to_ calc_ulate_ training RO, T calculation provides bet- a CMMI tervention was
2012. h ] including: determine historical sample, de- Training in- Case study at PSR : [21,007%, 2,935%]
22 'ange charts ing ROI consider- loy and execute the process, evaluate Defects. terventions. one company. ter insight into the risks  level 3 with an observed case
and run charts. ing process varia- ploy S €p ! ) ’ pany. and benefits associated software :
} data availability, estimate ROI, establish ] o L of 690% for a six-
tion. A with a specific training. ~ factory. :
actual control limits, calculate ROI. month period.
Inputs: Statistical process model to predict % defects in They testthe ~ With the per- . . Productivity estimation
g i ) . . The model is a good Yes,in5 . :
productivity, performance baselines. technical re- model on five centage differ- way to obtain more pre- proiects USINg the models is
) Outputs: Project estimation with project visions, unit ) projects of the ence between . ytoo ©p proj significantly more pre-
DMAIC, multiple S Not speci- A cise estimates, to im- ata . L
2010. None, merely goal, average, and upper and lower limits. test cover- ) Data from organization to planned ] . . cise than traditional
linear regres- } fied. A ) - prove client satisfaction CMMI ;
09 _. ; ; their use. The average comes from performance age, defect the company. verify its effi-  productivity at P techniques such as,
sion, simulation. . X S . L and to reduce variability level 3
baselines, while others are calculated density in cacy in pre- the beginning - for example, the use of
K i L, . S of timeline, cost and com- or X >
through simulations and the statistical systemic dicting final and at the end - organization historical
L f productivity. pany.
model. tests. productivity. of the project. average.
Table B11. Root-cause analysis and problem resolution methods: Answers to research questions
ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
CMMI, 1SO I(;Stu tlsj'isﬂlgigms:ilodfgiect and prevent One of the It allows managers to track prob-
20000, 5 Why's, They present a correc- puts: Steps t ndp . They created the lems and prioritize by reschedul-
2011. P A ; problems including employing Pareto De- Not spe- internal pro- .
06 areto chart, Six tive and preventive ac- charts, gathering information and fects. cified ject of the process for an IT - ing problems. CAPA has a paral- No. -
Sigma, root tion method. 2 S e ’ ’ company. lel control for both corrective and
. data, investigation, clarification and company. ) :
cause analysis. A preventive actions.
evaluation.
Inputs: Issues that impact many deliv- The application of A3 problem- They believe successful
PDCA. A3 pro- ery teams to many customers. Fix They applied the solving is a powerful tool for an Yes. in projects will achieve all
2011. AP The use of A3 problem- Outputs: A workshop involving people time of Not spe- method to four ex- individual project, which is ampli- ! the objectives and trou-
blem-solving pro- R . . - . - ) . four exa- . e
10 cess solving in 4 examples. from all the affected teams to work failed cified. amples in real pro- fied when used across projects mples bled projects will fail on

through the A3 steps, called: plan, do, builds.

check, adjust.

jects.

with the involvement of senior

management.

at least one of the ob-
jectives.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQS8 RQ9 RQ10 RQ11 RQ12 RQ13
L MiniDMAIC can help organiza-
They simplified the Inputs: Issues or problems. . . . ) .
. ; They explained the tions achieve higher maturity lev-
2008. Six Sigma, DMAIC model to ad- Outputs: 'Ste!:)s tq address problems th spe- _ method, but did not  — els, increase customer safisfac-  No. _
14 DMAIC. dress software develop- grouped into: define, measure, ana- cified. ; ; )
] ’ evaluate it. tion and reduce process varia-
ment projects. lyze, improve, and control phases. tion
Table B12. Project management methods: Answers to research questions
ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
The integrated approach uses
Inputs: A project needs statistical and other Six Sigma
2004, . Percentage of Not spe- techniques that helps in mgetmg
Six Sigma, SPC. The steps proposed. . ) . . - None. - the customer demand for high No. -
01 Outputs: A project completion after four steps, namely Iden- rework effort.  cified. uality and enables program pre-
tify, Define, Design and Optimize, and Verify. qualty program p
dictability, and can result in pro-
gram management excellence.

Inputs: A project needs. -
gmbgfe% Outputs: Project measure analysis and diagnosis (SQFD)  Five areas: 122 From the tailorinawork done on ?reSa/geI:nin
Measurement method, integrated with further steps to link QFD activities  size, effort, ared  QFD and GDMPgthe have costs on
Process, GOM with the other related CMM activities: Identify customer’s schedule, de- I?evel 4 learned that ada’tin ya methodol- each pro-

2004. Sim Iifie’d QuaI’- software quality needs, Quality characteristic and ranking,  fect, and risk.  Software Their use on metrics ogy to insert it inpa mgethodolo ical iect csn
02 ’ it F[l)mctional Their use. Determining the process voice and the product features, Plus project mainte- - four pilot pro- with frg?;ework is a very delicate ngat— Yes. ]be ex-
D%a loyment Evaluating the relationship values matrix between quality ~ staffing, dura- nance jects. revi- ter that must take i?,no considera- ected
ISOpllEyC 912’6 goals and process/product features, Definition of quality in-  tion of activi- gus tion the whole landscape and the gwin to
Simplified HOL;SE dicators: in Step 5, indicators are selected, Complement of ties, and level 3 foreseeable scenarios ?‘)f use SPI gctivi-
of Q[lJJali'[ project quality plan, Project’s software products are meas- changes. ones ' ties
Y. ured and analyzed, and Analysis and diagnosis. ) )
Table B12. Project management methods and tools: Answers to research questions
ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
Sales/ depart- This struc-
SPC, Fish- ment revenue ture is imple-
bone analysis, h ! mented in an
correlation h Iabor ufiliza- actual enter- This architecture serves the
. Their use on an or- . . tion rate, delay e . N -
analysis, re- e Inputs: A new project. prise's OPAL high maturity process improve-
: ganizational process . . . . rate, produc- f : g
2017. gression anal- asset library architec- Outputs: An OPAL consisted of: Standard process library, tion efficienc Not spe- and illus- ments conveniently and it is No
03 ysis, Monte Y ) Lifecycle model library, Tailoring guideline library, Measure- Y. cified. trated that it with the extensibility and easily ’
: ture to support high . . rate of require- h . h
Carlo Simula- . ment repository, Related document library. is beneficial implemented by software en-
- . maturity. ment change, ; -
tion and sensi- for high ma- terprises.
L h defects den- :
tivity analysis sity in the ac- turity level
tools. Y process im-
ceptance.
provement.
Inputs: A new project. Delivered de- By employing quantitative pro-
Project man- Outputs: A step-by-step approach for monitoring projects fects. defects ject management techniques,
2010. a eJment The author put them and preventing defects, with steps for project initiation, rec- likel 'to bein- Not spe- Examples organizations have not only
19 ’ S%’C cadsal together into steps to ommended project organization structure, project execution 'ectgd in each cifiedp - and templa- - improved their maturity in pro- No.
anal ’sis manage a project. and tracking, monitoring and control, forms / tools / check- JLC stage ’ tes. cess deployment but also have
YSIS. list, defect prevention through defect pattern analysis, 0 duc?iv}t achieved customer satisfaction
causal analysis, project closure. P Y- objectives.
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ID RQ3 RQ4 RQ5 RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 RQ13
They describe models Inputs: A new project. - )
and a project man- Outputs: Five basic process performance models and a pro- More than 27 ’\Cﬂr?i':atzgcezzi orﬁ;:gtzhe;tlons n Ea?ttﬁgly'
2008. agement environment ject management environment to support high-maturity pro- Not spe- organiza- > app ;
SPC, CMMI. . f . - P - : method to improve their soft-  paper -
9 to support high-ma-  ject management. The environment includes a log manage- cified. tions have ware capability maturity and does not
turity project manage- ment system, a project management system, a quality mon- adopted it. pabrity Y e
. : ) CMMI appraisal. detail this.
ment. itor, and an enterprise process modeling system.
Inputs: Data already used on TSP. The team,
Outputs: Adaptations on TSP. They decided to track rework - The G.TACS They adapted _from and added successfully
. and the forecast completion date of its various work prod- Histori- - team in to the TSP'scnpts, measures, used the
Some adaptations to- , . Rework, fore- cal data 309th SMXG and forms in ways that they .
2007. ucts. The team’s EV tool computed the forecast completion A ! TSP in
TSP completely address . cast comple- TSP. from the at Hill Air - believe can help other TSP Yes. .
29 CMMI requirements date of the project and could also compute the forecast tion date com- Force Base teams also achieve this feat reaching
q *completion date of each of the project subparts. Rework ' an used the ! as far as can be done by a s’in- their goal of
time for this TSP team was defined as time recorded in the pany. . Y CMMI Level
TSP. gle focus project.
defect logs. 5.
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