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Abstract

Software measurement is widely recognized as an essential part of unders-
tanding, controlling, monitoring, predicting, and evaluating software deve-
lopment and maintenance projects. Both, software process improvement
(SPI) and software measurement literature include many case studies of suc-
cessful companies and descriptions of their measurement programs. Howe-
ver, there are still concerns on how to design efficient strategic measurement
programs. These concerns include the lack of involvement of the SEO’s per-
sonnel, bad alignment with its strategy and improvement initiative, difficul-
ty to justify the utility of using standards or improvement initiatives, etc. All
of the former results in inadequate measurement programs that often lead to
poor decisions and economic loss. This paper describes a pilot study to ob-
serve and analyze the operation of measurement teams when using measu-
rement methods such as Balanced Objective-Quantifiers Method (BOQM),
Practical Software Measurement (PSM) and Balanced Scorecard and Goal-Driven
Measurement (BSC&GQ[I]M) to design a strategic measurement program.
From the results of the study, we gained some insight on common difficul-
ties and problems, which are useful to consider when designing of strategic
measurement programs. This paper describes an important milestone in
achieving our main research goal, evaluate and find suggestions to design a
strategic measurement program aligned correctly with the strategic goals,
for effective decision making at all organization levels and justify the utili-
ties or benefits of integrating improvement initiatives.
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Resumen

La medicién del software es ampliamente reconocida como una parte esencial de en-
tendimiento, control, monitoreo, prediccién y evaluacion de proyectos de desarrollo
y mantenimiento de software. Ambos, la mejora de procesos de software y la litera-
tura de medicién de software contienen muchos casos de compariias exitosas y la
descripcion de sus programas de medicion. Sin embargo, existen preocupaciones
acerca de como disefiar eficientemente programas de medicion estratégicos. Estas
preocupaciones incluyen la pérdida de la intervencion del personal, la mala ali-
neacién con la estrategia y la iniciativa de mejora, la dificultad para justificar la uti-
lidad de los estdndares o iniciativas de mejora, etcétera. Todos los resultados anteri-
ores recaen en programas de medicion inadecuados que a menudo conducen a malas
decisiones y pérdidas econdmicas. Este articulo describe un estudio piloto para ob-
servar y analizar la operacion de equipos de medicion mientras utilizan métodos de
medicion tales como el método balanceado objetivo-cuantificadores, medicion prdc-
tica del software y el cuadro de mando integral y medicion dirigida por metas para
disefiar un programa de medicion estratégico. De los resultados del estudio, obtuvi-
mos un panorama de los problemas y dificultades comunes, que son titiles a consi-
derar cuando se disefia un programa de medicién estratégico. En este trabajo se de-
scribe un hito importante en la consecucién de nuestro objetivo principal de la inves-
tigacion, evaluar y encontrar sugerencias para el disefio de un programa de medicion
estratégico alineado correctamente con los objetivos estratégicos, para la toma eficaz
de decisiones en todos los niveles de la organizacion y justificar las utilidades o ben-

Descriptores:

* métodos de medicion
* equipos de estudiantes
* disefio de estrategia

* revisiones del disefio

eficios de la integracion de las iniciativas de mejora.

Introduction

If you can’t measure it, you can’t manage it. This saying
is often used as a means to urge a Software Engineering
Organization (SEQO") to define and implement measure-
ment programs. In the past few years, several sources
have described how measurement programs helped
SEOs to improve the quality their processes and pro-
ducts (Mcloone and Rohde, 2007; Qi, 2007; El-Emam,
2007; Diaz-Ley et al., 2008; Gresse et al., 2003; Daskalan-
tonakis, 1992). Today, there is a common agreement on
that measurement programs help to support larger and
continuous process and product improvement. Despite
the popularity of measurement programs, cases in
which these programs are not clearly conceptualized
and therefore, fail to accomplish their intended purpo-
ses have also been observed. Many factors contribute to
the former. For example, Asgarkhani (2006) discusses
that the lack of awareness of the benefit of a measure-
ment program from the SEO’s personnel, leads to a lack
of commitment in its design and implementation.
Additionally, designing measurement programs for
effective decision-making at all SEOs’ organizational

1 A Software Engineering Organization (SEO) is an organization with
effective management and improvement of internal processes in soft-
ware development, operation and maintenance. Term introduced by
Garcia et al. (2010).

levels is recognized as difficult task (Mathiassen et al.,
2005). Alignment with business objectives (Basili et al.,
2007 and 2010), justification of the benefits of improve-
ment initiatives (Laporte et al., 2008), and integration of
the strategic plan (Tuan et al., 2006) are often issues
mentioned in designing effective measurement pro-
grams for SEOs. All the former becomes relevant becau-
se poorly designed measurement programs could cause
problems such as bad decision-making and economic
loss (Basili et al., 2007 and 2010; Tuan et al., 2006).

Fortunately, we are learning that an integral soft-
ware measurement program with a SEO’s business
strategy is more likely to provide data to support deci-
sion-making (Basili et al., 2007 and 2010). However, we
consider that it is not clear how to facilitate the design
of measurement programs that reflect the progress
toward SEOs’ business goals at different organizational
levels. Hereafter, these measurement programs will be
called strategic measurement program.

In order to provide some insight into how to facili-
tate the design of strategic measurement programs, we
report in this paper the results of a pilot study we per-
formed with the purpose of identifying the common
difficulties and problems. The study was carried out in
an academic setting to observe and analyze the opera-
tion of measurement teams when designing a strategic
measurement program with the following measure-
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ment methods: BOQM (A Balanced Objective-Quantifiers
Methodology) (Garcia et al., 2010), PSM (Practical Soft-
ware Measurement) (McGarry et al., 2002; PSM, 2006;
Prasad et al., 2009) and the BSC&GQIilM (Balanced Sco-
recard and Goal-Driven Measurement) (Goethert and Fi-
cher, 2003; Goethert and Siviy, 2004). We discuss the
identified difficulties and problems considering three
main categories: comprehension, performance and uti-
lity of methods. All collected information was analyzed
to answer next research questions:

1) What are the difficulties and/or problems to design
a precise strategic measurement program for effecti-
ve decision making at all organization levels?,

2) What are the difficulties and/or problems to align
correctly the strategic goals with the strategic mea-
surement program?, and

3) What are the difficulties and/or problems to justify
the utilities or benefits of integrating improvement
initiatives in business strategy?

This information will help in achieving our main re-
search goal, evaluate and find suggestions to design a
strategic measurement program aligned correctly with
the strategic goals, for effective decision making at all
organization levels and justify the utilities or benefits of
integrating improvement initiatives.

The organization of this article is as follows: in the
next section we describe the methods and their impor-
tance. The following section shows the details of the
pilot study. The fourth section presents the threats to
validity of this pilot study. The last section presents the
conclusions.

Overview of the selected measurement methods

In this section, we present an overview of the measure-
ment methods used in our pilot study and discuss the
reasons why we selected them. In order to support our
selection criteria, we also present a comparison of all of
them with the ISO/IEC 15939 —a well-known and widely
used standard for measurement processes in software
engineering (ISO/IEC 15939, 2007). The comparison con-
siders the support provided by the selected methods
with regard to the measurement process’ activities and
tasks defined by this standard.

Practical Software Measurement (PSM)

Practical Software Measurement (PSM) (McGarry et al.,
2002; PSM 2006; Prasad et al., 2009) is a measurement fra-
mework developed in 1994 by the Joint Logistics Com-

manders, Joint Group on Systems Engineering
(JLC-JGSE). Although PSM was initially created to
support the software project management needs of the
JLC-JGSE, later on it was extended to cover more mea-
surement requirements. Particularly, those retrieved
from project experiences of the US Army Armament
Research, Development and Engineering Center (AR-
DEC) and the Department of Defense (DoD). At present
PSM is still being used by the mentioned organizations.

PSM provides measurement users (i.e., project and
technical managers) with quantitative information to
support decision-making at several levels of a SEO. The
framework incorporates the use of multiple measures
and indicators to identify and evaluate information
needs, including issues, risks and problems (McGarry
et al., 2002). PSM makes it easy to show, in terms of sys-
temic cause and effect relationships, how measurement
can be tailored to satisfy the needs of measurement
users. Thus, PSM works also as an impact analyzer.

As mentioned before, PSM is based on actual mea-
surement experience of government and industry orga-
nizations. An aspect to highlight is that most of the PSM
concepts have been formalized in the process measure-
ment standard ISO/IEC 15939, and adopted in the Mea-
surement and Analysis Process Area of CMMI (SE],
2006). Additionally, it is known that over five thousand
people around the world have been trained in PSM
(Card, 2003). All this makes PSM a mature measure-
ment framework and promoted its selection to support
our pilot study.

Balanced scorecard and goal-driven measurement

The Balanced Scorecard and Goal-Driven Measurement
(BSC&GOQIIIM) (Goethert and Ficher, 2003; Goethert
and Siviy, 2004) is a formal measurement methodology
defined by the Software Engineering Institute (SEI) in
2003. In 2004, the SEI's Software Engineering Measure-
ment and Analysis (SEMA-SEI) updated it to improve
the analysis and collection of measurement information.

BSC&GQ[I]M is based on the Balanced ScoreCard
framework (BSC) (Kaplan and Norton, 2006) and the
Goal Question Indicator Metric Approach (GQ[I]M)
(Park et al., 1996) methods. GQI[I]M, the improved ver-
sion of GQM (Basili and Weiss, 1984; Basili et al., 1994),
supports the translation of strategic organization’s ob-
jectives into measures and indicators as well as the their
justification through goals-questions-measures. On the
other hand, BSC helps to determine how well the stra-
tegic objectives are achieved and delimited into vision
by refining the previous information into four main
perspectives: financial, customer, internal business,
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and learning & growth. This refinement makes it easier
in BSC&GQIIIM to see how value is created in an orga-
nization by means of cause-effect relationships among
the indicators identified across the four perspectives.

It is recognized that use of BSC&GQ[I]M provides
a systematic way to obtain measures and indicators
reflecting the health and performance of an organiza-
tion (Goethert and Ficher, 2003). Additionally, several
sources report the widespread use of BSC and GQM.
BSC is used by 70% of companies in the US (Johnson
and Beiman, 2007) and by 65% of top companies of
New Zealand (Blundell et al., 2003). GQM is the se-
cond measurement method used by the SEI customers
(Kasunic, 2006). Of these customers, 67.2% use it in
combination with the measurement and analysis (M&A)
process of CMML. It is noteworthy that BSC&GQ[I]M
can support the M&A process of CMMI with its measu-
rement template (Goethert and Siviy, 2004). All these
reasons justify the selection of BSC&GQ[I]M for our pilot
study.

Balanced Objective-Quantifiers Method (BOQM)

The Balanced Objective-Quantifiers Method (BOQM)
(Mitre et al., 2011; Garcia ef al., 2010) is a measurement
method developed by the Software Engineering Lab at
Carlos III University of Madrid. BOQM is based on a
set of widely used and mature measurement methods,
namely GQM, PSM, BSC and the standard ISO/IEC
15939:2007.

BOQM defines a process driven by the SEO’s key
roles to design, implement, and control a quantitative
strategy through indicators aligned with strategic ob-
jectives, through BSC and GQM principles. Additiona-
lly, the inclusion of PSM and ISO/IEC 15939:2007
enables the use of an information model, which defines
the kinds of metrics and indicators frequently used in
measurement systems and relationships between them.
Thus it promotes the collection of good-quality measu-
rement information (Staron et al., 2010).

BOQM has a successful case study in which com-
mon measurement program problems were minimi-
zed. Such problems include (1) the lack of alignment
among strategic goals, SPI initiatives and measurement
plans, (2) bad synergy between the roles involved in the
strategic plan design and the measurement plans, (3)
misuse of pre-existing knowledge for strategic plan de-
sign and (4) no communication of measurement infor-
mation to all decision-making levels within a SEO
(Mitre et al., 2011; Garcia et al., 2010). The above made
BOQM worthy of consideration for the realization of
our pilot study.

The selected methods compared to the ISO/IEC
15939 standard

Since ISO/IEC 15939 is a well-known and widely used
standard for measurement processes in software engi-
neering, we consider that we can support the selection
of PSM, BOQM and BSC&GQII]M by showing that all
of them have an acceptable degree of coverage of the
process’ tasks and activities defined by the ISO/IEC
15939 standard. Tables 1 and 2 show this information.
We use the symbol “-” to denote no coverage and the
symbol “*” to denote coverage.

It is important to highlight that, despite the fact that
BSC&GQIIIM and BOQM do not completely cover the
activities and tasks defined by the ISO/IEC 15939 stan-
dard, we believe that both methods are worthy of con-
sideration because they deliver an important value to
the measurement process by:

a) considering different organizational perspectives
(i.e. financial control, customer satisfaction, internal
process, learning and growth) of the BSC to deter-
mine how well the strategic objectives are achieved
across them,

b) defining strategic objectives based on the vision of
the organization.

Description of the pilot study

The goal of this pilot study was to analyze the use of
BOQM, BSC&GQIIIM and PSM in work teams of stu-
dents of Master in Science and Information Technology
from Carlos III University of Madrid, with the specific
research objectives of identifying difficulties and/or pro-
blems of all methods. By identifying these difficulties
and/or problems we want to offer guidelines to:

1. Align correctly the strategic goals with a measure-
ment program.

2. Design a precise measurement program for effective
decision making at all the levels of an organization.

3. Justify the utilities or benefits of integrating impro-
vement initiatives in a business strategy.

In the following subsections, the experimental method
and the data collection techniques are described. Mo-
reover, the entire process —the design of the pilot study,
its execution and the analysis and interpretation of
data— will be described in detailed.
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Table 1. ISO/IEC 15939 activities and tasks supported by BOQM, PSM and BSC&CQIIIM (part 1)

ISO/IEC 15939 Activities and tasks

Activities supported

BOQM

PSM  BSC&GQ[I]M

4.1: Establish and sustain measurement commitment

4.1.1: Accept the requirements for measurement

4.1.1.1: The scope of measurement shall be identified

4.1.1.2: Commitment of management and staff to measurement shall be established
4.1.1.3: Commitment shall be communicated to the organizational unit

4.1.2: Assign resources

4.1.2.1: Individuals shall be assigned responsibility for the measurement process
within the organizational unit

4.1.2.2: The assigned individuals shall be provided with resources to plan the
measurement process

4.2: Plan the measurement process

4.2.1: Characterize organizational unit

4.2.1.1: Characteristics of the organizational unit that are relevant to selecting
measures and interpreting the information products shall be explicitly described

4.2.2: Identify information needs (strategic objectives or business objectives)
4.2.2.1: Information needs for measurement shall be identified

4.2.2.2: The identified information needs shall be prioritized

4.2.2.3: Information needs to be addressed shall be selected

4.2.2.4: Selected information needs shall be documented and communicated
4.2.3: Select measures

4.2.3.1: Candidate measures that satisfy the selected information needs shall be
identified

4.2.3.2: Measures shall be selected from the candidate measures

4.2.3.3: Selected measures shall be documented by their name, the unit of
measurement, their formal definition, the method of data collection, and their link to
the information needs

4.2 .4: Define data collection, analysis, and reporting procedures

4.2.4.1: Procedures for data collection, including storage and verification shall be
defined

4.2.4.2: Procedures for data analysis and reporting of information products shall be
defined

4.2.4.3: Configuration management procedures shall be defined

4.2.5: Define criteria for evaluating the information products and the measurement
process

4.2.5.1: Criteria for evaluating information products shall be defined
4.2.5.2: Criteria for evaluating the measurement process shall be defined
4.2.6: Review, approve, and provide resources for measurement tasks

4.2.6.1: The results of measurement planning shall be reviewed and approved

4.2.6.2: Resources shall be made available for implementing the planned
measurement tasks

4.2.7: Acquire and deploy supporting technologies

4.2.7.1: Available supporting technologies shall be evaluated and appropriate ones
selected

4.2.7.2: The selected supporting technologies shall be acquired and deployed

* *
* *
* -
* -
* *
* *
* -
* -
* -
* *
* *
* -
* *
* -
* -
* -
* -
* *
* *
* *
* *
* -
* *
* *
* *
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Table 2. ISO/IEC 15939 activities and tasks supported by BOQM, PSM and BSC&GQIIIM (part 2)

Activities supported

ISO/IEC 15939 Activities and tasks BOQM  PSM féﬁf&
4.3: Perform the measurement process
4.3.1: Integrate procedures * * *
4.3.1.1: Data generation and collection shall be integrated into the relevant processes * * *
4.3.1.2: The integrated data collection procedures shall be communicated to " " "
the data providers
4.3.1.3: Data analysis and reporting shall be integrated into the relevant processes * * *
4.3.2: Collect data * * *
4.3.2.1: Data shall be collected * * *
4.3.2.2: The collected data shall be stored, including any context information " " "
necessary to verify, understand, or evaluate the data
4.3.2.3: The collected data shall be verified - * -
4.3.3: Analyze data and develop information products * * *
4.3.3.1: The collected data shall be analyzed * * -
4.3.3.2: The data analysis results shall be interpreted * * -
4.3.3.3: The information products shall be reviewed * * -
4.3.4: Communicate results * * *
4.3.4.1: The information products shall be documented * * *
4.3.4.2: The information products shall be communicated to the measurement users. * * *
4.4: Evaluate measurement
4.4.1: Evaluate information products and the measurement process * * -
4.4.1.1: The information products shall be evaluated against the specified
evaluation criteria and conclusions on strengths and weaknesses " " )
of the information products drawn
4.4.1.2: The measurement process shall be evaluated against the specified
evaluation criteria and conclusions on strengths and weaknesses of " " )
the measurement process drawn
4.4.1.3: Lessons learned from the evaluation shall be stored in the “Measurement " " )
Experience Base”
4.4.2: Identify potential improvements * * -
4.4.2.1: Potential improvements to the information products shall be identified * * -
4.4.2.2: Potential improvements to the measurement process shall be identified * * -
* *

4.4.2.3: Potential improvements shall be communicated

Method

The experimental method used to achieve the research
goals was based on the methodology of Wohlin et al.
(2012) for software engineering research. Moreover, for
data collection, the Seaman (1999) technique of obser-
vations was applied to the tutorials and reviews, and
explanatory surveys explanatory were conducted (Wo-
hlin et al., 2012) for the purpose of collecting informa-
tion of learning, utility and performance of BOQM,
PSM and BSC&GQ[IIM. Furthermore, some recom-
mendations of the guidelines established by Jedlitschka
and Pfahl (2005), were applied and adapted for the pur-
pose of this investigation.

Context

The context of the pilot study describes all the ele-
ments needed to perform the controlled experiment,
such as the independent variables, the subjects partici-
pating in the experimentation process, and objects
that use these subjects to perform the activities of the
experiment.

The pilot study was conducted in the field of a pro-
cess management course during the first term of the
Master’s in Science and Information Technology at the
University Carlos III of Madrid, the best master’s in
computer science in the technology area in Spain (Pe-
riodico El Mundo, 2010).
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Three lecturers, P1, P2 and P3 (Professor 1 to 3),
were chosen to teach a different measurement method
to a class, without expressing any preference for one
particular method. These lecturers were selected based
on their knowledge and similar experience. The classes
were of two hours’ duration and, as mentioned before,
the methods taught were: BOQM (taught by P1),
BSC&GQ[IIM (taught by P2) and PSM (taught by P3).

After these classes, four teams of students with si-
milar skills and experience were formed according with
the measurement abilities (these were also similar). The
teams and the method they chose are described below.

o Team A. This team chose the method BOQM and
comprised two members: the subjects A1 and A2.

o Team B. This team also selected BOQM and consis-
ted of two students: subjects B1 and B2.

e Team C. Method: BSC&GQ[I]M; members: subjects
C1, C2 and C3.

e Team D. Method: PSM; members: subject D1, D2 and
D3.

In order to not promote any preference for a particular
method, we established a common context for all mea-
surement methods considered. This common context is
defined by the independent variables of the experi-
ment, which are described in Table 3.

The results for these independent variables are
shown in Table 4. As we can see, the experience and
knowledge of the lecturers are quite similar. However,
in the case of the students, only two of them differ from
the others in experience. Specifically, B2 with 11 years’
experience in software engineering and D2 with 5
years’ experience in software development. The trai-
ning time was the same for all methods and the provi-
ded material had a similar format for all the methods
and a common case study scenario for all the teams.

Summarizing, the results of the independent varia-
bles are similar enough and did not represent a bias for

Table 3. Independent variables

a particular method, that is, we used a generic base line
to get reliable results during the pilot study.

The materials provided to support the pilot study
are described below in a detailed way.

e Slides of the presentation by each method (BOQM,
BSC&GQ[IIM and PSM) to teach classes.

o Practical case study of a real software engineering orga-
nization (SEO). The SEO is a Spanish software com-
pany, leader in consultancy and IT services. The
company has a turnover of nearly 700 million Eu-
ros and over 2500 employees. It covers practically
all the market sectors in Spain. This organization is
structured into the following operational areas:
high level management, logistics and administra-
tion staff, business development staff, operations
staff differentiated by specialties and organized
into Centers of EXperts (CEX) and, finally, manage-
ment of clients whose activity is oriented to satis-
fying immediate user needs. This structure is in
accordance with a client-centered business strate-
gy developed by CEX. The company wanted to be-
gin an SPI project oriented to improving the per-
formance of the Information Technologies (IT) Project
Management and Software Engineering areas. The
units of the company are: ERP (29 project mana-
gers, 120 technical personnel), Customer Relation-
ship Management/Knowledge Management (55
project managers, 200 technical personnel), e-Busi-
ness (28 project managers, 100 technical person-
nel), software development (28 project managers,
100 technical personnel), commerce and logistics
(25 project managers, 60 technical personnel), Cen-
ter of Experts (CEX) (20 project managers, 1000 te-
chnical personnel). More information regarding
the practical case considered for this research work
can be obtained at (Garcia et al., 2006).

e Checklists of the implementation of CMMI in the orga-
nization for the implementation level.

Description

Variable name Abb.
Experience and knowledge VIL1
of teachers
Experience and skills of VI1.2
students
Training time per method VI1.3
Material to monitoring the VIL4

methods

Experience and skills gleaned from the curricula of teachers with regard
to measurement of software products and processes and software
process improvement

Experience and skills gleaned from surveys of students in regard to
measuring software products and processes, software engineering and
software development.

It is time to conduct classes for students by method.

The descriptions of the practical case of a real SEO same for all works.
For each method: the references, documentation of follow-up activities,
templates for presenting the measurement program, templates for
indicators are given to students.
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Table 4. Results of the independent variables

Variable name

Abb.

Results

Experience and knowledge
of teachers

Experience and skills of
students

Training time per method

Material to monitoring the
methods

VI1.1

VI1.2

VIL.3
VIl.4

P1: Experience in software products and processes measurement:

1 year; Experience in software process improvement: 2 years. P2:
Experience in software products and processes measurement: 2 years;
Experience in software process improvement: 1 and 1 /2 year. P3:
Experience in software products and processes measurement: 1 year
and 3 months; Experience in software process improvement: 2 years

A1l: Measurement of software products and processes: 6 months;
software engineering land 1/ 2 years, software developer 1 year and
three months. A2: Measurement of software products and processes:
0 years, 0 years of software engineering, software developer 3
Months. B1: Measurement of software products and processes: Four
months 0 years of software engineering, software developer 1 and
1/2 years. B2: Measurement of software products and processes:

0 years, 11 years of software engineering, software developer

0 years. C1: Measurement of software products and processes:

0 years, 0 years of software engineering, software developer 4

years. C2: Measurement of software products and processes: 0

years of software engineering 2 1/ 2 years software developer 0
years. C3: Measurement of software products and processes: 0
years, 3 years of software engineering, software developer 0 years.
D1: Measurement of software products and processes: 0 years,

3 years of software engineering, software developer 0 years. D2:
Measurement of software products and processes: 0 years, 0 years of
software engineering, software developer 5 years. D3: Measurement
of software products and processes: 0 years, 2 years software
engineering, software developer 1 year.

BOQOM: 2 Hours; BSC&GOII]M: 2 Hours; PSM: 2 Hours

For all methods:

-Description of a practical case of real SEO, the same for all teams.

-Checklists of the implementation of CMMI in the SEO, the same for
all teams.

- Presentation of the method on slides.

-Documentation of activities (instructions) to follow the method.

-Template for presenting the results of the measurement program.

-Template for presenting the indicators according to the method.
Support-References: BOQM: 5, BSC&GQ[I]M: 4; PSM: 4

e At the organizational level: the Development, ERP,
CRM, KM, e-Business, Commerce and Logistics,
and DTS divisions.

e At the CMMI process areas level, process areas Re-
quirements Development (RD), Project Planning (PP)
Requirements Management (REQM) and Quality Assu-
rance Process and Product (PPQA).

e Documentation of the activities to follow to complete
the work of each method.

e Template to present the results of the measurement
program.

e Template for presenting the indicators.

The explanatory survey was applied to all students af-
ter the work. The purpose was to collect information

about comprehension and utility of the method assig-
ned (the survey can be seen online at http://www.cimat.
mx/~hmitre/StudentsSurvey.png).

Plan

To achieve the research goal it is necessary to design
variables that are directly related to:

o Comprehension. The ability to understand the measu-
rement method.

o Utility. The perception of the usefulness of the measu-
rement information for decision-making at all levels.

e Performance. The performance of design indicators
and the measurement program.
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e Comprehension. To measure the learning skills of the
purpose of experimentation, we defined the cate-
gory of comprehension of the measurement method.
The purpose of this category is to measure the de-
gree of understanding (learning) that the pupil had
with respect to the method used to design the mea-
surement program. This meant getting an average
percentage of variables designed to determine if the
student understood.

e The limitations of the method compared to the capa-
city to generate measurement information for pro-
jects if the information is designed based on the
vision and strategy of the SEO and / or in a compe-
titive environment. This variable was defined as
comprehension of the purpose of the method (VE1.1) and
its corresponding questions are listed in Table 5.

e The measurement features of the method that can be
applied with your method to define indicators. It
was possible to define the variable comprehension of
the method (VE1.2). The relevant questions are shown
in Table 5.

o The use of measurement information that this method
can provide to participants of a software enginee-
ring organization (SEO), that is, if you know the fea-
tures provided information to the measuring
equipment and all levels of the SEO. The variable
was defined as comprehension of the use of the informa-
tion (VE1.3) (see Table 5).

The specific benefits of the method in relation to strategic
management, process improvement, and measurement

Table 5. Survey variables for comprehension category

of software products and processes were considered.
From this point, we were able to define the variable com-
prehension of the benefits of information (VE1.4) (see Table 5).

Utility

To measure the use of the method’s information by all
roles involved in an effective way, and among the strate-
gic management process aligned with software process
improvement, we defined the utility method informa-
tion category. This category sought, from the students’
perspective and in percentage terms, the usefulness of
the measurement program design and indicators on soft-
ware products and processes, and participation of the
roles involved in the strategy to all organizational levels
of the software engineering organization (SEO). Specifi-
cally, the variables were designed to obtain a percentage
of income:

e Data to measure progress and compliance with the
objectives of the SEO, decision-making and conduct
of a competitive strategy. The variable that was de-
signed to measure this information is the utility
method information (VE2.1) (see questions in Table 6).

e Indicators to adjust and meet the needs of measuring
the context of the practical case. The variable that
was designed to measure this is the accuracy of the
information of method in the practical case (VE2.2) (see
questions in Table 6).

® The procedures and documents for the collection and
analysis of measurement data. The defined variable

Variable name Abbreviation Survey Questions Measurement unit
Comprehension of the purpose of VE1.1 Q1.1.1,Q1.1.2,Q1.1.3 Percentage
the method
Comprehension of the method VE1.2 Q1.2.1,Q1.2.2,Q1.2.3 Percentage
Comprehension of the use of the VE1.3 0Q1.3.1,Q1.3.2,Q1.3.3 Percentage
information
Comprehension of the benefits of VE1.4 Q1.4.1..Q1.4.8 Percentage
information

Table 6. Survey variables for utility category

Variable name Abbreviation Survey Questions Measurement unit
Utility method information VE2.1 Q3.1.1, Q3.1.2, Q3.1.3 Percentage
Accuracy of the information of VE2.2 Q3.2.1 Percentage
method in the practical case
Useful information for VE2.3 Q3.3.1 Percentage
implementing a measurement
program
Use of information for reporting VE2.4 Q3.4.1,Q3.4.2,Q3.4.3, Percentage
to all levels of the SEO Q3.4.4
Added value of use of VE2.5 Q35.1 Percentage
information
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is useful information for implementing a measurement
program (VE2.3) (see Table 6).

e Reports to inform and enable regular monitoring
and decision making of senior management, tactical
command and project managers. The variable to
measure is the use of information for reporting to all
levels of the SEO (VE2.4) (see Table 6).

e Information to provide added value to products
and processes of SO. The measured variable is the
added value of use of information (VE2.5) (see Table 6).

Performance

To measure the time of designing the measurement in-
formation and indicators, that is, promptness of the de-
sign for each method, we defined the category of
performance to design measurement information. To
make this measurement it is necessary to know about:

e How long it took each team of students to create a
measurement program, from the vision and mission
of the SEO to strategic objectives, techniques and
procedures to arrive at the definition of indicators
and this particular program for each method. Given
the above, we defined the variable, time to define the
measurement program (VD1.1). The specifications of
this variable as well as its description, the method of
measurement, the measuring unit and scale can be
seen in Table 7.

e How long it takes to define indicators by work team.
To this effect, we defined the variable time to define
indicators (VD1.2). The specifications are in Table 7.

e Number of indicators per team designed to meet the
measurement needs of decision makers. The varia-

ble defined for this measure was the number of indi-
cators (VD1.3) (see specifications in Table 7).

e To measure the performance indicators is necessary
to know how long it takes on average per team to
design an indicator. The way to measure this is to
divide the time to define the indicators per team by the
number of indicators per team. This variable was defi-
ned as performance of indicators (VD1.6) and its speci-
fications are listed in Table 7.

However, during the pilot study, observations were
made during the tutorials and reviews, only as additio-
nal data and for discussions. We identified two varia-
bles, the num. of tutorships and num. of reviews. The
specifications listed in Table 7.

The observations on students during the tutorships were
conducted with the aim of collecting the experiences at-
tended by the teams. The experiences regarding compre-
hension of the method, and how the method information
facilitates the design of the measurement program and
the indicators (see variable VD1.4 in table 7).

Observations were made during the reviews on the work
of the teams. In the reviews, difficulties were collected
properly during the design of the measurement pro-
gram and indicators (see variable VD1.5 in table 7).

Data collection

In this pilot study, the execution of the main activities
of the collection procedure and instrumentation are shown
in the activity diagram of Figure 1 and described below:

e During the first activity and before teaching classes
on the different methods, we planned to collect data

Table 7. Dependent variables of the pilot study in the performance category

Variable name Abb. Description Measurement Method M. unit Scale
Time to define VD1.1 Itis the time it takes Count the number of hours  Hrs. 1.n
the measurement to define the goals, per activity of the method
program needs, procedures for before starting the activities
each team of indicators

Time to define VD1.2 Itis the time it takes Count the number of hours  Hrs. 1.n

indicators to define all indicators it took the team to define the
by team indicators

Number of indicators VD1.3 Number of indicators Count the number of Num. 1.n
designed by team indicators

Num. of tutorships VD14 Number of tutorships Count the number of Num. 1.5
given to the team tutorships

Num. of reviews VD1.5 Num. of reviews on Count the num. of reviews ~ Num. 1.5
team results

Performance of VD1.6 Time to define an Calculate by team VD1.6=  Indicator/ Hr. 1.n

indicators indicator by the team

VD1.2/VD1.3
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Data and

presentation of the
methods BOQM, PSM
and BSC&GQM

Collect data from the
curricula of e~ dthe CV
profossors

Experience of MPP and/or SPI > 3 years

CV of professors

Practical case of a real
so

perience of MPPy SPl <3
Checklists for

implementing the CMMI

Documentation of the
method activities

Programming
coaching period and
revisions with the
equipment

9( Delivery of the material to equipment )

Measurement program
template per method

Indicator template per
method

References per method

Selecrthe method to perform

Design of measurement programs and indicators

Reviewing the work of
Advise the teams and g
teams and make
make observations
observations

| T

Tutorships and reviews incomplete Responsible for the activities

Period of tutorships ahd reviews finished

RESEARCHER
Delivery of works
and surveys to the
STUDENT

©< Collection of surveys and works Work of teams and
surveys resolved

researcher

Surveys for each student

Figure 1. Activity diagram for data collection and instrumentation

from the curricula of teachers in the research group
of the Software Engineering Laboratory (SEL-
UC3M, Software Engineering Lab), University Car-
los III Madrid. We selected three teachers with skills
in measurement products and processes (MPP) and
Software Process Improvement (SPI) with less than
three years” experience (variable VI1.1 Table 4).
After the teachers had taught the BOQM, PSM and
PSM methods, using slides, (VI1.3 variable, table 4),
we formed four teams and the researcher program-
med the consulting and review periods After the
teacher had trained the master group with presenta-
tions of the methods BOQM, PSM and PSM on sli-
des (VI1.3 variable, table 4), we formed four teams
and the researcher programmed the periods of con-
sulting and reviews. We gave the following material
to the teams (variable VI1.4 table 4):

Practical case of a real SEO

Checklists for implementing the CMMI
Documentation of the method activities
Measurement program template per method
Indicator template per method

References per method

Surveys for each student

* ¥ X X ¥ X *

With the above material each team had to devise
measurement programs and indicators during four
months.

While teams were designing their programs and in-
dicators, the researcher was responsible for tutors-

hips to teams and scheduled reviews of the work
progress of work. Observations were made on tutor-
ships of equipment and the reviews on progress of
work.

e When the period of reviews, tutorships and the time
schedule for completing the measurement program
and its indicators were finished, then the work
teams gave their work to the researcher and each
student gave his corresponding completed survey
to the researcher.

e From the surveys, we obtain the variables of expe-
rience and skills of the students in measuring soft-
ware products and processes, software engineering
and software development (variable VI1.2 Table 4).
In addition, the variables of the categories of com-
prehension and utility of the surveys were collected
(see variables in Table 5 and 6).

o The variables of the performance category that were
collected from the jobs are: the time to define the mea-
surement program, time to define the indicators,
No. of indicators, No. of tutorships, No. of reviews and
the performance of indicators (see Table 7).

Data analysis and results

The analysis procedure used for the work teams was
the analysis of performance in the design of indicators,
and duration for the design of the measurement pro-
gram for all methods.

The procedure for data analysis in the surveys was a
comparison between the averages for the categories of
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each method, specifically the categories of comprehen-
sion, utility and performance. It is worth mentioning
that in the category of comprehension we assessed sur-
vey responses as an exam in relation to the method de-
veloped by the student; this way we obtained the
degree of learning of the student with respect to the
method. To qualify each variable, evaluation criteria
were used per question.

To analyze the student’s interest in learning the de-
velopment of a measurement program, we analyzed
the resulting observations made during the tutorships
and reviews. As a result, evidences were collected to
describe how learning interest affects performance.

The three analyses of the work, surveys and observa-
tions serve as the weight of evidence to support the vali-
dation of the goal of this pilot study. The results of all
variables can be seen at http://www.cimat.mx/~hmitre/
SurveyResults.png.

Next, in Tables from 8 to 10, we present the difficul-
ties, problems and discussions identified from the re-
sults of each variable and category. Each table represents
a specific research objective, in Table 8, to align correctly
the strategic goals with the measurement program, Ta-
ble 9, the problems and difficulties to design a precise
measurement program for effective decision making at

all organization levels, and Table 10, Problems and
difficulties to justify the utilities or benefits of integra-
ting improvement initiatives in business strategy.
According to our discussions all problems can be
categorized in the next knowledge areas: strategic ma-
nagement, business management, market analysis, and
product and process measurement. In sum, there still
some concerns without a validated solution, but consi-
dering improve the training plan with the mentioned
problems and discussions can be an initial solution.

Threats to validity

In this section we discuss the main threats to validity of
our pilot study. We consider that all of them have im-
pact on four well-known types of threats to validity
(Wohlin et al., 2012): internal — how sure we are that the
treatment of the pilot study actually caused the outco-
me, in this case the impact of the internal profile of stu-
dents and teachers on the validity; external -how sure
we are that we can generalize the results outside the
scope of our study, in this case the selection procedure
of students and teachers and grouping teams; construct
—-how to obtain the measures to find the problems and
difficulties related to the utilities or benefits of integra-

Table 8. Problems and difficulties to align correctly the strategic goals with the measurement program

Problem and/or Difficulty Category Variable Discussion
Students had some difficulties to understand the ~ Comprehension =~ VE1.1 ~ Our main lack in this problem was
purpose of methods. We realized that even a well- the training program. Giving a class
documented method is not enough to describe on deriving measurable pieces from
its purpose. Other factor that influence in bad strategic goals is easiest way to solve
comprehension of method purpose, is the lack of it.
experience, especially on strategic management
and business management. This happens due to
the requirement of knowledge of some methods
is beyond the knowledge of a software engineer.
These students do not understand the purpose of
methods to align strategic goals with indicators.
The degree of adjustment of the indicators with Utility VE22  Each measurement template
the measuring needs and/or the strategic goals of represent a measurable part of an
the practical case is the accuracy that can offers strategic goal, so, if by each template
the software engineers with the help of method. the measurable portion is defined
Quarter of students achieved 75% of this accuracy, with its strategic goal, accurate
this means, they failed to extract the quantifiable information will be designed for each
information from measurement needs and/or strategic goal.
strategic goals in a correct way.
Quarter of students had problems in time to Performance VD1.6 Time matters, but it not as important

define indicators. The speed to define an indicator
hourly was doubled with the rest of the student
teams. The main reason was because they do not
use a mechanism to define indicators from a set
of measures categorized and organized. Both

the organization of the measures as well as the
mechanism accelerates the process of defining
indicators.

as the correctness of indicators. A

set of measures organized as a tree

of measures is beneficial to plot the
best path that meets the measurement
needs a strategic goal, this represent a
correct alignment.
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Table 9. Problems and difficulties to design a precise measurement program for effective decision making at all organization levels

Problem and/or Difficulty Category Variable Discussion
Understand the methods and the characteristics that stand Comprehension VE1.2 A value extracted from an
out over other methods, are the basis for knowing how electronic resource or hard copy
to use and exploit its method. In one hand, in strategic source by applying a measurement
measurement programs, the alignment of strategic goals and method is a piece for decision
indicators directly influence the whole strategy achievement. makers. A correction without
In other hand, understand how to design and obtain a result spotlight is shooting in dark. Our
of measure (metric) is essential to design an indicator, this suggestion is to add the resource
is known as a measurement method. Less than quarter owner for effective correction.
of students failed to understand this alignment and the
measurement method. Even the result is not serious, the
reason is the lack of knowledge management strategic and
product and process measurement.
Understanding the use of information is key to design Comprehension VE1.3 Understanding the functions of
effective measurement elements. The main measurement the measurement template is basic.
element is the measurement template (or measurement The quality of indicators presented
construct as known at ISO/IEC 15939), since it helps to collect to decision makers depends on it.
information, build the indicator, informs to decision makers
and how to achieve strategic goals. Quarter of students failed
to understand the use of a template measurement. Once again,
the reason is the lack of knowledge on product and process
measurement.
Just quarter of students partially comprehend the utility Utility VE2.1 At the end of performing the
of method information in what to expect from an external strategic measurement program,
analysis. To lead a competitive strategy, strategic goals one of the best boosts to the success
need to be defined from external factors, and the best way is the external analysis. For this
to discover such factors is making a market analysis. Anew, reason, market analysis should be
students fell into the same problem, lack of knowledge and part of the training program.
experience of market analysis.
Unexpectedly, almost all students do not comprehend the Utility VE2.3 The collection, analysis and report
utility of method information to design a measurement periods are very useful to inform to
program (VE2.3). Collection and analysis procedures are decision makers in time and with
the basic part of a measurement program, in the opinion of precise information. Designers
students, documents of methods analyzed were not enough must be clear about its utility for
to analyze and collect information, and even with methods better design.
based on the ISO/IEC 15939 procedures. In our opinion,
students should have been studied the standard to discover
its true potential.
The different levels of decision making (directive, managerial, Utility VE2.4 Here the picture is clear, if the
operational levels) into a SEO are pieces that maintain the reports are not designed for all
whole strategy in control, without a report procedure to all decision making levels, then
decision making levels, the strategic goals are disconnected effectiveness of decisions will be
pieces without control. A method not prepared to inform badly affected throughout the
to all levels, such as a classic method designed to report to organization.
project managers, will have problems of 75% of effectiveness
of how information goes through SEO. Quarter of students
confirm this assertion.
The measurement program is composed by plans and Performance VDI.1 Students with a software engineer

procedures, but methods that its purpose is a competitive
strategic measurement program, inserts more detailed
information into a program such as: external and internal
factors, improvement methods aligned with indicators,
dashboards design for decision makers. This exhaustive
required information provokes delays in program plan.
Therefore half of students with this kind of method had
delay problems. They doubled the time to define the strategic
measurement program spending time especially on defining
external and internal factors.

profile is not enough to design a
strategic measurement program,
time and quality of information
are affected. Our suggestion is
integrating strategic management
and market analysis practitioners
in the process of strategic
measurement program definition.

Ingenieria Investigacion y Tecnologia, volumen XV (nimero 2), abril-junio 2014: 253-269 ISSN 1405-7743 FI-UNAM

265



Designing a Strategic Measurement Program for Software Engineering Organizations: Discovering Difficulties and Problems

Table 10. Problems and difficulties to justify the utilities or benefits of integrating improvement initiatives in business strategy

Problem and/or Difficulty Category

Variable Discussion

Knowing the benefits of the method information
is easer to design and control the benefits of the
whole strategy. Designing competitive strategic
goals is a benefit resulting from a market
analysis. Also, justifying improvement initiatives
in business strategy is a benefit of aligning the
practices or activities of improvement initiatives
(e.g. CMMI, ISO/IEC 12207) with the resources
used to get values in the measurement template
(or measurement construct). Three quarters, or
nearly all students do not understand the benefits
of design a competitive strategic goals and justify
improvement initiative in the strategy. Besides
the lack of knowledge in strategic management,
students do not know how to perform market
analysis.

Comprehension

VE1.4 An indicator represents a way to
achieve a part of strategic goal
and is used to control the action
plan. In itself, the indicator is

the cornerstone of a strategic
management system, and the

best way to justify the use of
improvement initiatives is to noted
what activities (or practice) and

its resulting work product of the
initiative was used to generate
indicator measures. Thus, we can
say that we are measuring the
products of the initiative activities.

ting improvement initiatives in business strategy, align
correctly the strategic goals with the measurement pro-
gram, design a precise measurement program for effec-
tive decision making at all organization levels; finally,
conclusion — how to draw statistically correct conclu-
sions based on qualitative measures.

Internal

Instrumentation. We observed that students requested
more tutorships and reviews for BOQM teams due to
the lack of strategic business knowledge. But, this had
minor impact on results. This is why maturation issues
are not important for the outcome of the study.

External

Profiles of the teachers. Even, we observed that the three
professors selected from our research group SEL-UC3M
had similar abilities their experience on measurement
had minor impact on the results of students. TBD

Profiles of the students. Regarding students, the selec-
tion of the students’ profiles was crafted to be as homo-
genous as possible. This an important requirement to
ensure that all of them have the same kind of organiza-
tional vision deal with some important aspects of the
study, e.g. the alignment of measurement and the strate-
gy. However, and because of the availability of students
at the moment of the study, it was difficult to resolve the
level of experience among certain students, i.e. student
B2 --with 11 years of experience in software engineering,
and student D2 --with 5 years experience in the develop-
ment of software. Eventually, no student had experience
in strategic management, of course it, was necessary, but
its impact is homogeneous in the results.

Grouping of the students. Even though the master de-
gree was considered good in Spain, the number of stu-
dents was too small, about 13 students, so we did not
get to create a good filter for this study. However, the
measurement capabilities of four teams were very simi-
lar and therefore not considered a problem on the re-
sults of impact. TBD

Construct

Sample size. One of our mayor concerns is the sample
size used in this pilot study because it impacts on the
quality of the quantitative evidence to the support the
hypotheses associated to our research goals. Increasing
the sample size will enhance the generalizability of our
findings.

Conclusion

The tools utilized. The tools used for this empirical study
were: surveys to know the comprehension and utility
of methods information, observations and reviews over
delivered products (measurement program, templates
and indicators) and during the tutorships, and a snap-
shot of strategy implementation in a determinate mo-
ment of a SEO.

All the discussed threats to validity of our pilot stu-
dy are important. However, and despite them, we con-
sider that the obtained results are valuable in our way
to better understand the main problems and difficulties
when defining strategic measurement programs. Many
of the discussions provided in this paper are useful to
design a strategic measurement program, especially for
software engineers, strategists, market analysers, and
top, middle and operative charges in a SEO.
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Conclusions and Future Work

Software measurement is an essential part of unders-
tanding, controlling, monitoring, predicting, and eva-
luating software development and maintenance pro-
jects. Both, software process improvement (SPI) and
software measurement literature include many case
studies of successful companies and descriptions of
their measurement programs. However, there are pro-
blems on how to design efficient strategic measure-
ment programs. In order to get a better understanding
of these concerns, in this paper we presented the re-
sults obtained from pilot study, which involved the
use PSM, BSC&GQI[I]M and BOQM, to design strate-
gic measurement program.

From the obtained results, it was possible to identify
some common problems to design a measurement pro-
gram for effective decision making at all organization
levels, to align correctly the strategic goals with the
measurement program, and to justify the utilities or be-
nefits of integrating improvement initiatives in busi-
ness strategy.

We discussed the identified problems considering
three main categories: comprehension -the ability to
understand the measurement method, performance-
the ability to design indicators and the measurement
program in a short time, and utility —the ability to un-
derstand the usefulness of the measurement informa-
tion for decision-making at all levels.

Despite the fact we obtained valuable information,
the fact that most of this information is qualitative and
the fact that our pilot project was conducted with stu-
dents makes its generality limited. Our future work in-
cludes performing more experiments involving people
with a more organizational mature background as most
of the problems detect were related to the lack of solid
experience on product and process measurement as
well as on market analysis. We consider that replicating
our study several times with this kind of subjects will
help to refine our findings in order to obtain more
sounding conclusions.

Wearealso considering toinclude theGQM+Strategies
method in future studies. It is because this method is
adjustable to any mature and handy SEO (Basili et al.,
2007; Basili et al., 2010).
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