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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-

µØ°╇や²æØ°Øや̶°Øや±²ıœœやª©-ªØ°-±や©-やæ©¹や²©やŁØ±ıº-やØUªıØ-²や±²°̶²ØºıªやßØ̶±³°ØßØ-²や
programs. These concerns include the lack of involvement of the SEO’s per-

±©--Øœ╇やÆ̶Łや̶œıº-ßØ-²や¹ı²æやı²±や±²°̶²Øº½や̶-Łやıß¬°©µØßØ-²やı-ı²ı̶²ıµØ╇やŁıUª³œ-
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 #̶œ̶-ªØŁや 0ÆłØª²ıµØま2³̶-²ıRØ°±や .Ø²æ©Ł (BOQM), 

1°̶ª²ıª̶œや4©Œ²¹̶°Øや.Ø̶±³°ØßØ-² (PSM) and #̶œ̶-ªØŁや4ª©°Øª̶°Łや̶-Łや(©̶œま%°ıµØ-や
.Ø̶±³°ØßØ-² (BSC&GQ[I]M) to design a strategic measurement program. 

'°©ßや²æØや°Ø±³œ²±や©Œや²æØや±²³Ł½╇や¹Øやº̶ı-ØŁや±©ßØやı-±ıºæ²や©-やª©ßß©-やŁıUª³œ-
ties and problems, which are useful to consider when designing of strategic 

measurement programs. This paper describes an important milestone in 

̶ªæıØµı-ºや©³°やß̶ı-や°Ø±Ø̶°ªæやº©̶œ╇やØµ̶œ³̶²Øや̶-ŁやR-Łや±³ººØ±²ı©-±や²©やŁØ±ıº-や̶や
strategic measurement program aligned correctly with the strategic goals, 

Œ©°やØTØª²ıµØやŁØªı±ı©-やß̶øı-ºや̶²や̶œœや©°º̶-ı¾̶²ı©-やœØµØœ±や̶-Łやł³±²ıŒ½や²æØや³²ıœı-
²ıØ±や©°やÆØ-ØR²±や©Œやı-²Øº°̶²ı-ºやıß¬°©µØßØ-²やı-ı²ı̶²ıµØ±╆
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Introduction

If you can’t measure it, you can’t manage it. This saying 

is often used as a means to urge a 4©Œ²¹̶°Øや&-ºı-ØØ°ı-º 

0°º̶-ı¾̶²ı©- (SEO1《や²©やŁØR-Øや̶-Łやıß¬œØßØ-²やßØ̶±³°Ø-

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 

²æ̶²や²æØやœ̶ªøや©Œや̶¹̶°Ø-Ø±±や©Œや²æØやÆØ-ØR²や©Œや̶やßØ̶±³°Ø-

ment program from the SEO’s personnel, leads to a lack 

of commitment in its design and implementation.

Additionally, designing measurement programs for 

ØTØª²ıµØや ŁØªı±ı©-まß̶øı-ºや ̶²や ̶œœや 4&0±‒や ©°º̶-ı¾̶²ı©-̶œや
3"C"Software Engineering Organization"*UGQ+"ku"cp"qticpk¦cvkqp"ykvj"
ghhgevkxg"ocpcigogpv"cpf"kortqxgogpv"qh"kpvgtpcn"rtqeguugu"kp"uqhv-
yctg"fgxgnqrogpv."qrgtcvkqp"cpf"ockpvgpcpeg0"Vgto"kpvtqfwegf"d{"
Ictekc"et al0"*4232+0

œØµØœ±やı±や°Øª©º-ı¾ØŁや̶±やŁıUª³œ²や²̶±øや〉.̶²æı̶±±Ø-やet al., 

2005). Alignment with business objectives (Basili et al., 

ｲｰｰｷや̶-Łやｲｰｱｰ《╇やł³±²ıRª̶²ı©-や©Œや²æØやÆØ-ØR²±や©Œやıß¬°©µØ-

ment initiatives (Laporte et al., 2008), and integration of 

the strategic plan (Tuan et al., 2006) are often issues 

ßØ-²ı©-ØŁや ı-や ŁØ±ıº-ı-ºや ØTØª²ıµØや ßØ̶±³°ØßØ-²や ¬°©-

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 

©Œや ßØ̶±³°ØßØ-²や ¬°©º°̶ß±や ²æ̶²や °ØSØª²や ²æØや ¬°©º°Ø±±や
²©¹̶°Łや4&0±‒やÆ³±ı-Ø±±やº©̶œ±や̶²やŁıTØ°Ø-²や©°º̶-ı¾̶²ı©-̶œや
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 

ŁıUª³œ²ıØ±や̶-Łや¬°©ÆœØß±╆や5æØや±²³Ł½や¹̶±やª̶°°ıØŁや©³²やı-や
̶-や̶ª̶ŁØßıªや±Ømı-ºや²©や©Æ±Ø°µØや̶-Łや̶-̶œ½¾Øや²æØや©¬Ø°̶-

tion of measurement teams when designing a strategic 

measurement program with the following measure-

Resumen

-̶やßØŁıªıŸ-やŁØœや±©Œ²¹̶°ØやØ±や̶ß¬œı̶ßØ-²Øや°Øª©-©ªıŁ̶やª©ß©や³-̶や¬̶°²ØやØ±Ø-ªı̶œやŁØやØ--

²Ø-ŁıßıØ-²©╇やª©-²°©œ╇やß©-ı²©°Ø©╇や¬°ØŁıªªıŸ-や½やØµ̶œ³̶ªıŸ-やŁØや¬°©½Øª²©±やŁØやŁØ±̶°°©œœ©や
½やß̶-²Ø-ıßıØ-²©やŁØや±©Œ²¹̶°Ø╆や"ßÆ©±╇やœ̶やßØł©°̶やŁØや¬°©ªØ±©±やŁØや±©Œ²¹̶°Øや½やœ̶やœı²Ø°̶-

²³°̶やŁØやßØŁıªıŸ-やŁØや ±©Œ²¹̶°Øやª©-²ıØ-Ø-やß³ªæ©±やª̶±©±やŁØや ª©ß¬̶üç̶±や Ø¼ı²©±̶±や½や œ̶や
ŁØ±ª°ı¬ªıŸ-や ŁØや ±³±や ¬°©º°̶ß̶±や ŁØやßØŁıªıŸ-╆や 4ı-や ØßÆ̶°º©╇や Ø¼ı±²Ø-や ¬°Ø©ª³¬̶ªı©-Ø±や
̶ªØ°ª̶やŁØや ªŸß©やŁı±Øü̶°や ØRªıØ-²ØßØ-²Øや ¬°©º°̶ß̶±やŁØやßØŁıªıŸ-や Ø±²°̶²Ôºıª©±╆や&±²̶±や
¬°Ø©ª³¬̶ªı©-Ø±や ı-ªœ³½Ø-や œ̶や ¬Ô°ŁıŁ̶や ŁØや œ̶や ı-²Ø°µØ-ªıŸ-や ŁØœや ¬Ø°±©-̶œ╇や œ̶や ß̶œ̶や ̶œıま 
-Ø̶ªıŸ-やª©-やœ̶やØ±²°̶²Øºı̶や½やœ̶やı-ıªı̶²ıµ̶やŁØやßØł©°̶╇やœ̶やŁıRª³œ²̶Łや¬̶°̶やł³±²ıRª̶°やœ̶や³²ı-
œıŁ̶ŁやŁØやœ©±やØ±²À-Ł̶°Ø±や©やı-ıªı̶²ıµ̶±やŁØやßØł©°̶╇やØ²ªÔ²Ø°̶╆や5©Ł©±やœ©±や°Ø±³œ²̶Ł©±や̶-²Ø°ı-
©°Ø±や°Øª̶Ø-やØ-や¬°©º°̶ß̶±やŁØやßØŁıªıŸ-やı-̶ŁØª³̶Ł©±や®³Øや̶やßØ-³Ł©やª©-Ł³ªØ-や̶やß̶œ̶±や
ŁØªı±ı©-Ø±や½や¬Ô°ŁıŁ̶±やØª©-Ÿßıª̶±╆や&±²Øや̶°²çª³œ©やŁØ±ª°ıÆØや³-やØ±²³Łı©や¬ıœ©²©や¬̶°̶や©Æ-

±Ø°µ̶°や½や̶-̶œı¾̶°やœ̶や©¬Ø°̶ªıŸ-やŁØやØ®³ı¬©±やŁØやßØŁıªıŸ-やßıØ-²°̶±や³²ıœı¾̶-やßÔ²©Ł©±やŁØや
ßØŁıªıŸ-や²̶œØ±やª©ß©やØœやßÔ²©Ł©やÆ̶œ̶-ªØ̶Ł©や©ÆłØ²ıµ©まª³̶-²ıRª̶Ł©°Ø±╇やßØŁıªıŸ-や¬°Àª-
²ıª̶やŁØœや±©Œ²¹̶°Øや½やØœやª³̶Ł°©やŁØやß̶-Ł©やı-²Øº°̶œや½やßØŁıªıŸ-やŁı°ıºıŁ̶や¬©°やßØ²̶±や¬̶°̶や
Łı±Øü̶°や³-や¬°©º°̶ß̶やŁØやßØŁıªıŸ-やØ±²°̶²Ôºıª©╆や%Øやœ©±や°Ø±³œ²̶Ł©±やŁØœやØ±²³Łı©╇や©Æ²³µı-
ß©±や³-や¬̶-©°̶ß̶やŁØやœ©±や¬°©ÆœØß̶±や½やŁıRª³œ²̶ŁØ±やª©ß³-Ø±╇や®³Øや±©-や1²ıœØ±や̶やª©-±ıま 
ŁØ°̶°やª³̶-Ł©や±ØやŁı±Øü̶や³-や¬°©º°̶ß̶やŁØやßØŁıªıŸ-やØ±²°̶²Ôºıª©╆や&-やØ±²Øや²°̶Æ̶ł©や±ØやŁØ-
±ª°ıÆØや³-やæı²©やıß¬©°²̶-²ØやØ-やœ̶やª©-±Øª³ªıŸ-やŁØや-³Ø±²°©や©ÆłØ²ıµ©や¬°ı-ªı¬̶œやŁØやœ̶やı-µØ±-
²ıº̶ªıŸ-╇やØµ̶œ³̶°や½やØ-ª©-²°̶°や±³ºØ°Ø-ªı̶±や¬̶°̶やØœやŁı±Øü©やŁØや³-や¬°©º°̶ß̶やŁØやßØŁıªıŸ-や
Ø±²°̶²Ôºıª©や̶œı-Ø̶Ł©やª©°°Øª²̶ßØ-²Øやª©-やœ©±や©ÆłØ²ıµ©±やØ±²°̶²Ôºıª©±╇や¬̶°̶やœ̶や²©ß̶やØRª̶¾や
ŁØやŁØªı±ı©-Ø±やØ-や²©Ł©±やœ©±や-ıµØœØ±やŁØやœ̶や©°º̶-ı¾̶ªıŸ-や½やł³±²ıRª̶°やœ̶±や³²ıœıŁ̶ŁØ±や©やÆØ--

ØRªı©±やŁØやœ̶やı-²Øº°̶ªıŸ-やŁØやœ̶±やı-ıªı̶²ıµ̶±やŁØやßØł©°̶╆

Descriptores: 

̋ métodos de medición

̋ equipos de estudiantes

̋ diseño de estrategia

̋ revisiones del diseño
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ment methods: BOQM ("や#̶œ̶-ªØŁや0ÆłØª²ıµØま2³̶-²ıRØ°±や
.Ø²æ©Ł©œ©º½) (García et al., 2010), PSM (1°̶ª²ıª̶œや 4©Œ²-
¹̶°Øや .Ø̶±³°ØßØ-²) (McGarry et al., 2002; PSM, 2006; 

Prasad et al., 2009) and the BSC&GQ[i]M (#̶œ̶-ªØŁや4ª©-

°Øª̶°Łや̶-Łや(©̶œま%°ıµØ-や.Ø̶±³°ØßØ-²) (Goethert and Fi-

cher, 2003; Goethert and Siviy, 2004). We discuss the 

ıŁØ-²ıRØŁや ŁıUª³œ²ıØ±や ̶-Łや ¬°©ÆœØß±や ª©-±ıŁØ°ı-ºや ²æ°ØØや
main categories: comprehension, performance and uti-

lity of methods. All collected information was analyzed 

to answer next research questions: 

ｱ《ややや8æ̶²や̶°Øや²æØやŁıUª³œ²ıØ±や̶-Łの©°や¬°©ÆœØß±や²©やŁØ±ıº-や
̶や¬°Øªı±Øや±²°̶²ØºıªやßØ̶±³°ØßØ-²や¬°©º°̶ßやŒ©°やØTØª²ı-
ve decision making at all organization levels?, 

ｲ《ややや8æ̶²や ̶°Øや ²æØやŁıUª³œ²ıØ±や ̶-Łの©°や¬°©ÆœØß±や ²©や ̶œıº-や
correctly the strategic goals with the strategic mea-

surement program?, and 

ｳ《ややや8æ̶²や̶°Øや²æØやŁıUª³œ²ıØ±や̶-Łの©°や¬°©ÆœØß±や²©やł³±²ıŒ½や
²æØや³²ıœı²ıØ±や©°やÆØ-ØR²±や©Œやı-²Øº°̶²ı-ºやıß¬°©µØßØ-²や
initiatives in business strategy?

This information will help in achieving our main re-

±Ø̶°ªæやº©̶œ╇やØµ̶œ³̶²Øや̶-ŁやR-Łや±³ººØ±²ı©-±や²©やŁØ±ıº-や̶や
strategic measurement program aligned correctly with 

²æØや±²°̶²Øºıªやº©̶œ±╇やŒ©°やØTØª²ıµØやŁØªı±ı©-やß̶øı-ºや̶²や̶œœや
©°º̶-ı¾̶²ı©-やœØµØœ±や̶-Łやł³±²ıŒ½や²æØや³²ıœı²ıØ±や©°やÆØ-ØR²±や©Œや
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 

²æØßや¹ı²æや²æØや*40の*&$やｱｵｹｳｹやむ̶や¹Øœœまø-©¹-や̶-Łや¹ıŁØœ½や
used standard for measurement processes in software 

Ø-ºı-ØØ°ı-ºや〉*40の*&$やｱｵｹｳｹ╇やｲｰｰｷ《╆や5æØやª©ß¬̶°ı±©-やª©--

siders the support provided by the selected methods 

with regard to the measurement process’ activities and 

²̶±ø±やŁØR-ØŁやÆ½や²æı±や±²̶-Ł̶°Ł╆

Rtcevkecn"Uqhvyctg"Ogcuwtgogpv"*RUO+

1°̶ª²ıª̶œや 4©Œ²¹̶°Øや .Ø̶±³°ØßØ-² (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-

²Øßıªやª̶³±Øや̶-ŁやØTØª²や°Øœ̶²ı©-±æı¬±╇やæ©¹やßØ̶±³°ØßØ-²や
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-

ßØ-²や±²̶-Ł̶°Łや*40の*&$やｱｵｹｳｹ╇や̶-Łや̶Ł©¬²ØŁやı-や²æØや.Ø̶-

surement and Analysis Process Area of CMMI (SEI, 

ｲｰｰｶ《╆や"ŁŁı²ı©-̶œœ½╇やı²やı±やø-©¹-や²æ̶²や©µØ°やRµØや²æ©³±̶-Łや
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.

Dcncpegf"ueqtgectf"cpf"iqcn/ftkxgp"ogcuwtgogpv

5æØや #̶œ̶-ªØŁや 4ª©°Øª̶°Łや ̶-Łや (©̶œま%°ıµØ-や .Ø̶±³°ØßØ-² 
(BSC&GQ[I]M) (Goethert and Ficher, 2003; Goethert 

and Siviy, 2004) is a formal measurement methodology 

ŁØR-ØŁや Æ½や ²æØや 4©Œ²¹̶°Øや &-ºı-ØØ°ı-ºや *-±²ı²³²Øや 〉4&*《や ı-や
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. GQ[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 

ł³±²ıRª̶²ı©-や²æ°©³ºæやº©̶œ±ま®³Ø±²ı©-±まßØ̶±³°Ø±╆や0-や²æØや
other hand, BSC helps to determine how well the stra-

tegic objectives are achieved and delimited into vision 

Æ½や °ØR-ı-ºや ²æØや ¬°Øµı©³±や ı-Œ©°ß̶²ı©-や ı-²©や Œ©³°や ß̶ı-や
¬Ø°±¬Øª²ıµØ±╈や R-̶-ªı̶œ╇や ª³±²©ßØ°╇や ı-²Ø°-̶œや Æ³±ı-Ø±±╇や
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̶-ŁやœØ̶°-ı-ºや╄やº°©¹²æ╆や5æı±や°ØR-ØßØ-²やß̶øØ±やı²やØ̶±ıØ°や
in BSC&GQ[I]M to see how value is created in an orga-

-ı¾̶²ı©-やÆ½やßØ̶-±や©Œやª̶³±ØまØTØª²や°Øœ̶²ı©-±æı¬±や̶ß©-ºや
²æØやı-Łıª̶²©°±やıŁØ-²ıRØŁや̶ª°©±±や²æØやŒ©³°や¬Ø°±¬Øª²ıµØ±╆や

It is recognized that use of BSC&GQ[I]M provides 

a systematic way to obtain measures and indicators 

°ØSØª²ı-ºや²æØやæØ̶œ²æや̶-Łや¬Ø°Œ©°ß̶-ªØや©Œや̶-や©°º̶-ı¾̶-

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 CMMI. 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.

Dcncpegf"Qdlgevkxg/Swcpvkhkgtu"Ogvjqf"*DQSO+

The #̶œ̶-ªØŁや 0ÆłØª²ıµØま2³̶-²ıRØ°±や .Ø²æ©Ł (BOQM) 

(Mitre et al., 2011; García et 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, 

-̶ßØœ½や (2.╇や 14.╇や #4$や ̶-Łや ²æØや ±²̶-Ł̶°Łや *40の*&$や
15939:2007.

#02.やŁØR-Ø±や ̶や¬°©ªØ±±やŁ°ıµØ-やÆ½や ²æØや 4&0‒±やøØ½や
roles to design, implement, and control a quantitative 

strategy through indicators aligned with strategic ob-

jectives, through BSC and GQM principles. Additiona-

œœ½╇や ²æØや ı-ªœ³±ı©-や ©Œや 14.や ̶-Łや *40の*&$や ｱｵｹｳｹ╈ｲｰｰｷや
Ø-̶ÆœØ±や²æØや³±Øや©Œや̶-やı-Œ©°ß̶²ı©-やß©ŁØœ╇や¹æıªæやŁØR-Ø±や
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; García et al., 2010). The above made 

BOQM worthy of consideration for the realization of 

our pilot study.

Vjg"ugngevgf"ogvjqfu"eqorctgf"vq"vjg"KUQ1KGE"
37;5;"uvcpfctf

4ı-ªØや*40の*&$やｱｵｹｳｹやı±や̶や¹Øœœまø-©¹-や̶-Łや¹ıŁØœ½や³±ØŁや
standard for measurement processes in software engi-

neering, we consider that we can support the selection 

of PSM, BOQM and BSC&GQ[I]M by showing that all 

of them have an acceptable degree of coverage of the 

¬°©ªØ±±‒や ²̶±ø±や ̶-Łや ̶ª²ıµı²ıØ±や ŁØR-ØŁや Æ½や ²æØや *40の*&$や
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&GQ[I]M and BOQM do not completely cover the 

̶ª²ıµı²ıØ±や̶-Łや²̶±ø±やŁØR-ØŁやÆ½や²æØや*40の*&$やｱｵｹｳｹや±²̶--

dard, we believe that both methods are worthy of con-

sideration because they deliver an important value to 

the measurement process by:

̶《や ª©-±ıŁØ°ı-ºや ŁıTØ°Ø-²や ©°º̶-ı¾̶²ı©-̶œや ¬Ø°±¬Øª²ıµØ±や
〉ı╆Ø╆やR-̶-ªı̶œやª©-²°©œ╇やª³±²©ßØ°や±̶²ı±Œ̶ª²ı©-╇やı-²Ø°-̶œや
process, learning and growth) of the BSC to deter-

mine how well the strategic objectives are achieved 

across them,

Æ《ややŁØR-ı-ºや±²°̶²Øºıªや©ÆłØª²ıµØ±やÆ̶±ØŁや©-や²æØやµı±ı©-や©Œや
the organization.

Description of the pilot study

The º©̶œ of this pilot study was to analyze the use of 

BOQM, BSC&GQ[I]M and PSM in work teams of stu-

dents of Master in Science and Information Technology 

from Carlos III University of Madrid, with the ±¬ØªıRªや
°Ø±Ø̶°ªæや©ÆłØª²ıµØ±や©ŒやıŁØ-²ıŒ½ı-ºやŁıUª³œ²ıØ±や̶-Łの©°や¬°©-

ÆœØß±や©Œや̶œœやßØ²æ©Ł±╆や#½や ıŁØ-²ıŒ½ı-ºや ²æØ±ØやŁıUª³œ²ıØ±や
̶-Łの©°や¬°©ÆœØß±や¹Øや¹̶-²や²©や©TØ°やº³ıŁØœı-Ø±や²©╈や

1.   Align correctly the strategic goals with a measure-

ment program.

ｲ╆ややや%Ø±ıº-や̶ や¬°Øªı±ØやßØ̶±³°ØßØ-²や¬°©º°̶ßやŒ©°やØTØª²ıµØや
decision making at all the levels of an organization.

ｳ╆ややや+³±²ıŒ½や²æØや³²ıœı²ıØ±や©°やÆØ-ØR²±や©Œやı-²Øº°̶²ı-ºやıß¬°©-

vement initiatives in a business strategy.

In the following subsections, the experimental method 

and the data collection techniques are described. Mo-

°Ø©µØ°╇や²æØやØ-²ı°Øや¬°©ªØ±±やむ²æØやŁØ±ıº-や©Œや²æØや¬ıœ©²や±²³Ł½╇や
its execution and the analysis and interpretation of 

Ł̶²̶むや¹ıœœやÆØやŁØ±ª°ıÆØŁやı-やŁØ²̶ıœØŁ╆
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Activities supported

ISO/IEC 15939 Activities and tasks BOQM PSM BSC&GQ[I]M

4.1: Establish and sustain measurement commitment

4.1.1: Accept the requirements for measurement * * *

ｴ╆ｱ╆ｱ╆ｱ╈や5æØや±ª©¬Øや©ŒやßØ̶±³°ØßØ-²や±æ̶œœやÆØやıŁØ-²ıRØŁ * * *

ｴ╆ｱ╆ｱ╆ｲ╈や$©ßßı²ßØ-²や©Œやß̶-̶ºØßØ-²や̶-Łや±²̶Tや²©やßØ̶±³°ØßØ-²や±æ̶œœやÆØやØ±²̶Æœı±æØŁ * * -

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) * * *

ｴ╆ｲ╆ｲ╆ｱ╈や*-Œ©°ß̶²ı©-や-ØØŁ±やŒ©°やßØ̶±³°ØßØ-²や±æ̶œœやÆØやıŁØ-²ıRØŁ * * *

ｴ╆ｲ╆ｲ╆ｲ╈や5æØやıŁØ-²ıRØŁやı-Œ©°ß̶²ı©-や-ØØŁ±や±æ̶œœやÆØや¬°ı©°ı²ı¾ØŁ * * -

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 
ıŁØ-²ıRØŁ * * -

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 
ßØ̶±³°ØßØ-²╇や²æØı°やŒ©°ß̶œやŁØR-ı²ı©-╇や²æØやßØ²æ©Łや©ŒやŁ̶²̶やª©œœØª²ı©-╇や̶-Łや²æØı°やœı-øや²©や
the information needs

* * *

ｴ╆ｲ╆ｴ╈や%ØR-ØやŁ̶²̶やª©œœØª²ı©-╇や̶-̶œ½±ı±╇や̶-Łや°Ø¬©°²ı-ºや¬°©ªØŁ³°Ø± * * *

ｴ╆ｲ╆ｴ╆ｱ╈や1°©ªØŁ³°Ø±やŒ©°やŁ̶²̶やª©œœØª²ı©-╇やı-ªœ³Łı-ºや±²©°̶ºØや̶-ŁやµØ°ıRª̶²ı©-や±æ̶œœやÆØや
ŁØR-ØŁ * * *

4.2.4.2: Procedures for data analysis and reporting of information products shall be 
ŁØR-ØŁ * * *

ｴ╆ｲ╆ｴ╆ｳ╈や$©-Rº³°̶²ı©-やß̶-̶ºØßØ-²や¬°©ªØŁ³°Ø±や±æ̶œœやÆØやŁØR-ØŁ - * -

ｴ╆ｲ╆ｵ╈や%ØR-Øやª°ı²Ø°ı̶やŒ©°やØµ̶œ³̶²ı-ºや²æØやı-Œ©°ß̶²ı©-や¬°©Ł³ª²±や̶-Łや²æØやßØ̶±³°ØßØ-²や
process

* * *

ｴ╆ｲ╆ｵ╆ｱ╈や$°ı²Ø°ı̶やŒ©°やØµ̶œ³̶²ı-ºやı-Œ©°ß̶²ı©-や¬°©Ł³ª²±や±æ̶œœやÆØやŁØR-ØŁ * * *

ｴ╆ｲ╆ｵ╆ｲ╈や$°ı²Ø°ı̶やŒ©°やØµ̶œ³̶²ı-ºや²æØやßØ̶±³°ØßØ-²や¬°©ªØ±±や±æ̶œœやÆØやŁØR-ØŁ * * *

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 - * -

Vcdng"30""KUQ1KGE"37;5;"cevkxkvkgu"cpf"vcumu"uwrrqtvgf"d{"DQSO."RUO"cpf"DUE(IS]K_O"*rctv"3+
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*40の*&$やｱｵｹｳｹや"ª²ıµı²ıØ±や̶-Łや²̶±ø±

Activities supported

BOQM PSM
BSC&

GQ[I]M

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

* * *

ｴ╆ｳ╆ｲ╆ｳ╈や5æØやª©œœØª²ØŁやŁ̶²̶や±æ̶œœやÆØやµØ°ıRØŁ - * -

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 * * -

ｴ╆ｴ╆ｱ╆ｱ╈や5æØやı-Œ©°ß̶²ı©-や¬°©Ł³ª²±や±æ̶œœやÆØやØµ̶œ³̶²ØŁや̶º̶ı-±²や²æØや±¬ØªıRØŁや 
              evaluation criteria and conclusions on strengths and weaknesses  
              of the information products drawn

* * -

ｴ╆ｴ╆ｱ╆ｲ╈や5æØやßØ̶±³°ØßØ-²や¬°©ªØ±±や±æ̶œœやÆØやØµ̶œ³̶²ØŁや̶º̶ı-±²や²æØや±¬ØªıRØŁや 
              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 * * -

ｴ╆ｴ╆ｲ╆ｱ╈や1©²Ø-²ı̶œやıß¬°©µØßØ-²±や²©や²æØやı-Œ©°ß̶²ı©-や¬°©Ł³ª²±や±æ̶œœやÆØやıŁØ-²ıRØŁ * * -

ｴ╆ｴ╆ｲ╆ｲ╈や1©²Ø-²ı̶œやıß¬°©µØßØ-²±や²©や²æØやßØ̶±³°ØßØ-²や¬°©ªØ±±や±æ̶œœやÆØやıŁØ-²ıRØŁ * * -

4.4.2.3: Potential improvements shall be communicated * * -

Vcdng"40"KUQ1KGE"37;5;"cevkxkvkgu"cpf"vcumu"uwrrqtvgf"d{"DQSO."RUO"cpf"DUE(IS]K_O"*rctv"4+

Ogvjqf

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[I]M. Furthermore, some recom-

mendations of the guidelines established by Jedlitschka 

and Pfahl (2005), were applied and adapted for the pur-

pose of this investigation.

Eqpvgzv

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.

5æØや¬ıœ©²や±²³Ł½や¹̶±やª©-Ł³ª²ØŁやı-や²æØやRØœŁや©Œや̶や¬°©-

ªØ±±やß̶-̶ºØßØ-²や ª©³°±Øや Ł³°ı-ºや ²æØや R°±²や ²Ø°ßや ©Œや ²æØや
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), 

¹Ø°Øやªæ©±Ø-や²©や²Ø̶ªæや̶やŁıTØ°Ø-²やßØ̶±³°ØßØ-²やßØ²æ©Łや
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[I]M (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.

にややや5Ø̶ßや". This team chose the method BOQM and 

comprised two members: the subjects A1 and A2.

にややや5Ø̶ßや#. This team also selected BOQM and consis-

ted of two students: subjects B1 and B2.

にややや5Ø̶ßや$. Method: BSC&GQ[I]M; members: subjects 

C1, C2 and C3.

にややや5Ø̶ßや%. 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 

ŁØR-ØŁや Æ½や ²æØや ı-ŁØ¬Ø-ŁØ-²や µ̶°ı̶ÆœØ±や ©Œや ²æØや Ø¼¬Ø°ı-
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, 

ı-や²æØやª̶±Øや©Œや²æØや±²³ŁØ-²±╇や©-œ½や²¹©や©Œや²æØßやŁıTØ°やŒ°©ßや
²æØや©²æØ°±やı-やØ¼¬Ø°ıØ-ªØ╆や4¬ØªıRª̶œœ½╇や#ｲや¹ı²æやｱｱや½Ø̶°±‒や
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 

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.

にやや 4œıŁØ±や ©Œや ²æØや ¬°Ø±Ø-²̶²ı©-や Æ½や Ø̶ªæや ßØ²æ©Ł (BOQM, 

BSC&GQ[I]M and PSM) to teach classes.

にややや1°̶ª²ıª̶œやª̶±Øや±²³Ł½や©Œや̶や°Ø̶œや±©Œ²¹̶°ØやØ-ºı-ØØ°ı-ºや©°º̶-

-ı¾̶²ı©-や〉4&0《╆や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-

²ı©-や ±²̶T╇や Æ³±ı-Ø±±や ŁØµØœ©¬ßØ-²や ±²̶T╇や ©¬Ø°̶²ı©-±や
±²̶Tや ŁıTØ°Ø-²ı̶²ØŁや Æ½や ±¬Øªı̶œ²ıØ±や ̶-Łや ©°º̶-ı¾ØŁや
into $Ø-²Ø°±や©Œや&9¬Ø°²±や〉$&9《や̶-Ł╇やR-̶œœ½╇やß̶-̶ºØ-

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 *-Œ©°ß̶²ı©-や5Øªæ-©œ©ºıØ± (IT) Project 

Management and Software Engineering areas. The 

units of the company are: ERP (29 project mana-

gers, 120 technical personnel), Customer Relation-

±æı¬や .̶-̶ºØßØ-²の,-©¹œØŁºØや .̶-̶ºØßØ-²や 〉ｵｵや
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 (García et al., 2006).

にややや$æØªøœı±²±や©Œや²æØやıß¬œØßØ-²̶²ı©-や©Œや$..* in the orga-

nization for the implementation level.

Vcdng"50"Kpfgrgpfgpv"xctkcdngu

Variable name Abb. Description

Experience and knowledge 
of teachers

VI1.1
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 of 
students

VI1.2
Experience and skills gleaned from surveys of students in regard to 
measuring software products and processes, software engineering and 
software development.

Training time per method VI1.3 It is time to conduct classes for students by method.

Material to monitoring the 
methods

VI1.4

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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にやや "²や²æØや©°º̶-ı¾̶²ı©-̶œやœØµØœ╈や²æØや%ØµØœ©¬ßØ-²╇や&31╇や
CRM, KM, e-Business, Commerce and Logistics, 

and DTS divisions.

にやや "²や²æØや$..*や¬°©ªØ±±や̶°Ø̶±やœØµØœ╇や¬°©ªØ±±や̶°Ø̶±やRe-

®³ı°ØßØ-²±や %ØµØœ©¬ßØ-² (RD), 1°©łØª²や 1œ̶--ı-º (PP) 

3Ø®³ı°ØßØ-²±や.̶-̶ºØßØ-² (REQM) and 2³̶œı²½や"±±³-

°̶-ªØや1°©ªØ±±や̶-Łや1°©Ł³ª² (PPQA).

にややや%©ª³ßØ-²̶²ı©-や©Œや²æØや̶ª²ıµı²ıØ± to follow to complete 

the work of each method.

にややや5Øß¬œ̶²Ø to present the results of the ßØ̶±³°ØßØ-²や
¬°©º°̶ß.

にややや5Øß¬œ̶²Ø for presenting the ı-Łıª̶²©°±.

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-

-ØŁや〉²æØや±³°µØ½やª̶-やÆØや±ØØ-や©-œı-Øや̶ ²やæm¬╈のの¹¹¹╆ªıß̶²╆
ß¼の├æßı²°Øの4²³ŁØ-²±4³°µØ½╆¬-º《╆

Plan

To achieve the research goal it is necessary to design 

variables that are directly related to:

にやや$©ß¬°ØæØ-±ı©-╆やThe ability to understand the measu-

rement method. 

にやや6²ıœı²½╆ The perception of the usefulness of the measu-

rement information for decision-making at all levels.

にや や1Ø°Œ©°ß̶-ªØ╆やThe performance of design indicators 

and the measurement program.

Vcdng"60"Tguwnvu"qh"vjg"kpfgrgpfgpv"xctkcdngu

Variable name Abb. Results

Experience and knowledge 
of teachers

VI1.1

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; 
&¼¬Ø°ıØ-ªØやı-や±©Œ²¹̶°Øや¬°©ªØ±±やıß¬°©µØßØ-²╈やｱや̶-Łやｱやのやｲや½Ø̶°╆やP3: 
Experience in software products and processes measurement: 1 year 
and 3 months; Experience in software process improvement: 2 years

Experience and skills of 
students

VI1.2 A1: Measurement of software products and processes: 6 months; 
±©Œ²¹̶°ØやØ-ºı-ØØ°ı-ºやｱ̶-Łやｱやのやｲや½Ø̶°±╇や±©Œ²¹̶°ØやŁØµØœ©¬Ø°やｱや½Ø̶°や̶-Łや
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 
ｱやのやｲや½Ø̶°±╆や#ｲ╈や.Ø̶±³°ØßØ-²や©Œや±©Œ²¹̶°Øや¬°©Ł³ª²±や̶-Łや¬°©ªØ±±Ø±╈や
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 
½Ø̶°±や©Œや±©Œ²¹̶°ØやØ-ºı-ØØ°ı-ºやｲやｱやのやｲや½Ø̶°±や±©Œ²¹̶°ØやŁØµØœ©¬Ø°やｰや
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.

Training time per method VI1.3 BOQM: 2 Hours; BSC&GQ[I]M: 2 Hours; PSM: 2 Hours

Material to monitoring the 
methods

VI1.4 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
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にやや$©ß¬°ØæØ-±ı©-. To measure the learning skills of the 

¬³°¬©±Øや ©Œや Ø¼¬Ø°ıßØ-²̶²ı©-╇や ¹Øや ŁØR-ØŁや ²æØや ª̶²Ø-

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-

±³°ØßØ-²や¬°©º°̶ß╆や5æı±やßØ̶-²やºØmı-ºや̶-や̶µØ°̶ºØや
percentage of variables designed to determine if the 

student understood.

にやや5æØやœıßı²̶²ı©-±や©Œや²æØやßØ²æ©Łやª©ß¬̶°ØŁや²©や²æØやª̶¬̶-

city to generate measurement information for pro-

jects if the information is designed based on the 

µı±ı©-や̶-Łや±²°̶²Øº½や©Œや²æØや4&0や̶-Łやのや©°やı-や̶やª©ß¬Ø-

²ı²ıµØや Ø-µı°©-ßØ-²╆や 5æı±や µ̶°ı̶ÆœØや ¹̶±や ŁØR-ØŁや ̶±や
ª©ß¬°ØæØ-±ı©-や©Œや²æØや¬³°¬©±Øや©Œや²æØやßØ²æ©Ł (VE1.1) and 

its corresponding questions are listed in Table 5.

にやや5æØやßØ̶±³°ØßØ-²やŒØ̶²³°Ø±や©Œや²æØやßØ²æ©Łや²æ̶²やª̶-やÆØや
̶¬¬œıØŁや¹ı²æや ½©³°やßØ²æ©Łや ²©や ŁØR-Øや ı-Łıª̶²©°±╆や *²や
¹̶±や¬©±±ıÆœØや²©やŁØR-Øや²æØやµ̶°ı̶ÆœØやª©ß¬°ØæØ-±ı©-や©Œや
²æØやßØ²æ©Ł (VE1.2). The relevant questions are shown 

in Table 5.

にやや5æØや³±Øや©ŒやßØ̶±³°ØßØ-²やı-Œ©°ß̶²ı©-や²æ̶²や²æı±やßØ²æ©Łや
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 

¹̶±やŁØR-ØŁや̶±やª©ß¬°ØæØ-±ı©-や©Œや²æØや³±Øや©Œや²æØやı-Œ©°ß̶-

²ı©- (VE1.3) (see Table 5).

5æØや±¬ØªıRªやÆØ-ØR²±や©Œや²æØやßØ²æ©Łやı-や°Øœ̶²ı©-や²©や±²°̶²Øºıªや
management, process improvement, and measurement 

of software products and processes were considered. 

'°©ßや²æı±や¬©ı-²╇や¹Øや¹Ø°Øや̶ÆœØや²©やŁØR-Øや²æØやµ̶°ı̶ÆœØやª©ß-

¬°ØæØ-±ı©-や©Œや²æØやÆØ-ØR²±や©Œやı-Œ©°ß̶²ı©- (VE1.4) (see Table 5).

Wvknkv{

To measure the use of the method´s information by all 

°©œØ±やı-µ©œµØŁやı-や̶-やØTØª²ıµØや¹̶½╇や̶-Łや̶ß©-ºや²æØや±²°̶²Ø-

gic management process aligned with software process 

ıß¬°©µØßØ-²╇や¹Øや ŁØR-ØŁや ²æØや ³²ıœı²½やßØ²æ©Łや ı-Œ©°ß̶-

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 

©Œや²æØや±©Œ²¹̶°ØやØ-ºı-ØØ°ı-ºや©°º̶-ı¾̶²ı©-や〉4&0《╆や4¬ØªıR-

cally, the variables were designed to obtain a percentage 

of income:

にややや%̶²̶や²©やßØ̶±³°Øや¬°©º°Ø±±や̶-Łやª©ß¬œı̶-ªØや¹ı²æや²æØや
objectives of the SEO, decision-making and conduct 

of a competitive strategy. The variable that was de-

signed to measure this information is the ³²ıœı²½や
ßØ²æ©Łやı-Œ©°ß̶²ı©- (VE2.1) (see questions in Table 6).

にややや*-Łıª̶²©°±や²©や̶ Łł³±²や̶ -ŁやßØØ²や²æØや-ØØŁ±や©ŒやßØ̶±³°ı-ºや
the context of the practical case. The variable that 

was designed to measure this is the ̶ªª³°̶ª½や©Œや ²æØや
ı-Œ©°ß̶²ı©-や©ŒやßØ²æ©Łやı-や²æØや¬°̶ª²ıª̶œやª̶±Ø (VE2.2) (see 

questions in Table 6).

にやや5æØや¬°©ªØŁ³°Ø±や̶ -ŁやŁ©ª³ßØ-²±やŒ©°や²æØやª©œœØª²ı©-や̶ -Łや
̶-̶œ½±ı±や©ŒやßØ̶±³°ØßØ-²やŁ̶²̶╆や5æØやŁØR-ØŁやµ̶°ı̶ÆœØや

Vcdng"70"Uwtxg{"xctkcdngu"hqt"eqortgjgpukqp"ecvgiqt{

Variable name Abbreviation Survey Questions Measurement unit
Comprehension of the purpose of 
the method

VE1.1 Q1.1.1, Q1.1.2, Q1.1.3 Percentage

Comprehension of the method VE1.2 Q1.2.1, Q1.2.2, Q1.2.3 Percentage

Comprehension of the use of the 
information

VE1.3 Q1.3.1, Q1.3.2, Q1.3.3 Percentage

$©ß¬°ØæØ-±ı©-や©Œや²æØやÆØ-ØR²±や©Œや
information

VE1.4 Q1.4.1..Q1.4.8 Percentage

Vcdng"80"Uwtxg{"xctkcdngu"hqt"wvknkv{"ecvgiqt{

Variable name Abbreviation Survey Questions Measurement unit
Utility method information VE2.1 Q3.1.1, Q3.1.2╇や23.1.3 Percentage
Accuracy of the information of 
method in the practical case

VE2.2 Q3.2.1 Percentage

Useful information for 
implementing a measurement 
program

VE2.3 Q3.3.1 Percentage

Use of information for reporting 
to all levels of the SEO

VE2.4 Q3.4.1, Q3.4.2, Q3.4.3, 
Q3.4.4

Percentage

Added value of use of 
information

VE2.5 Q3.5.1 Percentage
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is ³±ØŒ³œや ı-Œ©°ß̶²ı©-や Œ©°や ıß¬œØßØ-²ı-ºや ̶やßØ̶±³°ØßØ-²や
¬°©º°̶ß (VE2.3) (see Table 6).

にややや3Ø¬©°²±や ²©や ı-Œ©°ßや ̶-Łや Ø-̶ÆœØや °Øº³œ̶°や ß©-ı²©°ı-ºや
and decision making of senior management, tactical 

command and project managers. The variable to 

measure is the ³±Øや ©Œや ı-Œ©°ß̶²ı©-や Œ©°や °Ø¬©°²ı-ºや ²©や ̶œœや
œØµØœ±や©Œや²æØや4&0 (VE2.4) (see Table 6).

にややや *-Œ©°ß̶²ı©-や ²©や ¬°©µıŁØや ̶ŁŁØŁや µ̶œ³Øや ²©や ¬°©Ł³ª²±や
and processes of SO. The measured variable is the 

̶ŁŁØŁやµ̶œ³Øや©Œや³±Øや©Œやı-Œ©°ß̶²ı©-や(VE2.5) (see Table 6).

Rgthqtocpeg

To measure the time of designing the measurement in-

formation and indicators, that is, promptness of the de-

±ıº-や Œ©°や Ø̶ªæや ßØ²æ©Ł╇や ¹Øや ŁØR-ØŁや ²æØや ª̶²Øº©°½や ©Œや
performance to design measurement information. To 

make this measurement it is necessary to know about:

にややや)©¹やœ©-ºやı²や²©©øやØ̶ªæや²Ø̶ßや©Œや±²³ŁØ-²±や²©やª°Ø̶²Øや̶や
measurement program, from the vision and mission 

of the SEO to strategic objectives, techniques and 

¬°©ªØŁ³°Ø±や ²©や̶°°ıµØや̶²や ²æØやŁØR-ı²ı©-や©Œや ı-Łıª̶²©°±や
and this particular program for each method. Given 

²æØや̶Æ©µØ╇や¹ØやŁØR-ØŁや²æØやµ̶°ı̶ÆœØ╇や²ıßØや²©やŁØR-Øや²æØや
ßØ̶±³°ØßØ-²や¬°©º°̶ßや 〉7%ｱ╆ｱ《╆や5æØや±¬ØªıRª̶²ı©-±や©Œや
this variable as well as its description, the method of 

measurement, the measuring unit and scale can be 

seen in Table 7.

にやややや)©¹やœ©-ºやı²や²̶øØ±や²©やŁØR-Øやı-Łıª̶²©°±やÆ½や¹©°øや²Ø̶ß╆や
5©や²æı±やØTØª²╇や¹ØやŁØR-ØŁや²æØやµ̶°ı̶ÆœØや²ıßØや²©やŁØR-Øや
ı-Łıª̶²©°± (VD1.2)╆や5æØや±¬ØªıRª̶²ı©-±や̶°Øやı-や5̶ÆœØやｷ╆

にやややや/³ßÆØ°や©Œやı-Łıª̶²©°±や¬Ø°や²Ø̶ßやŁØ±ıº-ØŁや²©やßØØ²や²æØや
measurement needs of decision makers. The varia-

ÆœØやŁØR-ØŁやŒ©°や²æı±やßØ̶±³°Øや¹̶±や²æØや-³ßÆØ°や©Œやı-Łı-
ª̶²©°±や〉7%ｱ╆ｳ《や〉±ØØや±¬ØªıRª̶²ı©-±やı-や5̶ÆœØやｷ《╆

にややや5©やßØ̶±³°Øや²æØや¬Ø°Œ©°ß̶-ªØやı-Łıª̶²©°±やı±や-ØªØ±±̶°½や
to know how long it takes on average per team to 

design an indicator. The way to measure this is to 

divide the ²ıßØや²©やŁØR-Øや²æØやı-Łıª̶²©°±やper team by ²æØや
-³ßÆØ°や©Œやı-Łıª̶²©°±や¬Ø°や²Ø̶ß╆や5æı±やµ̶°ı̶ÆœØや¹̶±やŁØR-

ned as ¬Ø°Œ©°ß̶-ªØや©Œやı-Łıª̶²©°± (VD1.6) and its speci-

Rª̶²ı©-±や̶°Øやœı±²ØŁやı-や5̶ÆœØやｷ╆

However, during the pilot study, observations were 

made during the tutorials and reviews, only as additio-

-̶œやŁ̶²̶や̶-ŁやŒ©°やŁı±ª³±±ı©-±╆や8ØやıŁØ-²ıRØŁや²¹©やµ̶°ı̶-

bles, the num. of tutorships and num. of reviews. The 

±¬ØªıRª̶²ı©-±やœı±²ØŁやı-や5̶ÆœØやｷ╆
The ©Æ±Ø°µ̶²ı©-±や©-や±²³ŁØ-²±やŁ³°ı-ºや²æØや²³²©°±æı¬± 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).

0Æ±Ø°µ̶²ı©-±や¹Ø°Øやß̶ŁØやŁ³°ı-ºや²æØや°ØµıØ¹± on the work 

©Œや²æØや²Ø̶ß±╆や*-や²æØや°ØµıØ¹±╇やŁıUª³œ²ıØ±や¹Ø°Øやª©œœØª²ØŁや
properly during the design of the measurement pro-

gram and indicators (see variable VD1.5 in table 7).

Fcvc"eqnngevkqp

In this pilot study, the execution of the main activities 

of the ª©œœØª²ı©-や¬°©ªØŁ³°Øや̶-Łやı-±²°³ßØ-²̶²ı©- are shown 

in the activity diagram of Figure 1 and described below:

にややや%³°ı-ºや²æØやR°±²や̶ª²ıµı²½や̶-ŁやÆØŒ©°Øや²Ø̶ªæı-ºやªœ̶±±Ø±や
©-や²æØやŁıTØ°Ø-²やßØ²æ©Ł±╇や¹Øや¬œ̶--ØŁや²©やª©œœØª²やŁ̶²̶や

Vcdng"90"Fgrgpfgpv"xctkcdngu"qh"vjg"rknqv"uvwf{"kp"vjg"rgthqtocpeg"ecvgiqt{

Variable name Abb. Description Measurement Method M. unit Scale

5ıßØや²©やŁØR-Øや
the measurement 
program

VD1.1 It is the time it takes 
²©やŁØR-Øや²æØやº©̶œ±╇や
needs, procedures for 
each team

Count the number of hours 

per activity of the method 

before starting the activities 

of indicators

Hrs. 1..n

5ıßØや²©やŁØR-Øや
indicators

VD1.2 It is the time it takes 
²©やŁØR-Øや̶œœやı-Łıª̶²©°±や
by team

Count the number of hours 

ı²や²©©øや²æØや²Ø̶ßや²©やŁØR-Øや²æØや
indicators

Hrs. 1..n

Number of indicators VD1.3 Number of indicators 
designed by team

Count the number of 

indicators

Num. 1..n

Num. of tutorships VD1.4 Number of tutorships 
given to the team

Count the number of 

tutorships

Num. 1..5

Num. of reviews VD1.5 Num. of reviews on 
team results

Count the num. of reviews Num. 1..5

Performance of 
indicators

VD1.6 5ıßØや²©やŁØR-Øや̶-や
indicator by the team

Calculate by team VD1.6 = 

7%ｱ╆ｲやのや7%ｱ╆ｳ
*-Łıª̶²©°のや)°╆ 1..n
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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).

にややや"Œ²Ø°や²æØや²Ø̶ªæØ°±やæ̶Łや²̶³ºæ²や²æØや#02.╇や14.や̶-Łや
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

にや や8ı²æや ²æØや ̶Æ©µØやß̶²Ø°ı̶œや Ø̶ªæや ²Ø̶ßや æ̶Łや ²©や ŁØµı±Øや
measurement programs and indicators during four 

months.

にやややや8æıœØや²Ø̶ß±や¹Ø°ØやŁØ±ıº-ı-ºや²æØı°や¬°©º°̶ß±や̶-Łやı--

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.

にややや8æØ-や²æØや¬Ø°ı©Łや©Œや°ØµıØ¹±╇や²³²©°±æı¬±や̶-Łや²æØや²ıßØや
schedule for completing the measurement program 

̶-Łや ı²±や ı-Łıª̶²©°±や ¹Ø°Øや R-ı±æØŁ╇や ²æØ-や ²æØや ¹©°øや
teams gave their work to the researcher and each 

student gave his corresponding completed survey 

to the researcher.

にややや'°©ßや²æØや±³°µØ½±╇や¹Øや©Æ²̶ı-や²æØやµ̶°ı̶ÆœØ±や©ŒやØ¼¬Ø-

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).

にややや5æØやµ̶°ı̶ÆœØ±や©Œや²æØや¬Ø°Œ©°ß̶-ªØやª̶²Øº©°½や²æ̶²や¹Ø°Øや
ª©œœØª²ØŁやŒ°©ßや²æØやł©Æ±や̶°Ø╈や²æØや²ıßØや²©やŁØR-Øや²æØやßØ̶-

±³°ØßØ-²や ¬°©º°̶ß╇や ²ıßØや ²©や ŁØR-Øや ²æØや ı-Łıª̶²©°±╇や 
No. of indicators, No. of tutorships, No. of reviews and 

the performance of indicators (see Table 7).

Fcvc"cpcn{uku"cpf"tguwnvu

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 

Hkiwtg"30"Cevkxkv{"fkcitco"hqt"fcvc"eqnngevkqp"cpf"kpuvtwogpvcvkqp
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Ø̶ªæやßØ²æ©Ł╇や±¬ØªıRª̶œœ½や²æØやª̶²Øº©°ıØ±や©Œやª©ß¬°ØæØ--

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 

ŁØ±ª°ıÆØやæ©¹やœØ̶°-ı-ºやı-²Ø°Ø±²や̶TØª²±や¬Ø°Œ©°ß̶-ªØ╆
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 

µ̶°ı̶ÆœØ±やª̶-やÆØや±ØØ-や̶²やæm¬╈のの¹¹¹╆ªıß̶²╆ß¼の├æßı²°Øの
SurveyResults.png.

/Ø¼²╇やı-や5̶ÆœØ±やŒ°©ßやｸや²©やｱｰ╇や¹Øや¬°Ø±Ø-²や²æØやŁıUª³œ-
²ıØ±╇や¬°©ÆœØß±や̶-ŁやŁı±ª³±±ı©-±や ıŁØ-²ıRØŁや Œ°©ßや²æØや °Ø-

sults of each variable and category. Each table represents 

̶や±¬ØªıRªや°Ø±Ø̶°ªæや©ÆłØª²ıµØ╇やı-や5̶ÆœØやｸ╇や²©や̶ œıº-やª©°°Øª²œ½や
the strategic goals with the measurement program, Ta-

ÆœØやｹ╇や²æØや¬°©ÆœØß±や̶-ŁやŁıUª³œ²ıØ±や²©やŁØ±ıº-や̶や¬°Øªı±Øや
ßØ̶±³°ØßØ-²や¬°©º°̶ßやŒ©°やØTØª²ıµØやŁØªı±ı©-やß̶øı-ºや̶²や

all organization levels, and Table 10, Problems and 

ŁıUª³œ²ıØ±や²©やł³±²ıŒ½や²æØや³²ıœı²ıØ±や©°やÆØ-ØR²±や©Œやı-²Øº°̶-

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): ı-²Ø°-̶œやむやæ©¹や±³°Øや¹Øや̶°Øや²æ̶²や²æØや
treatment of the pilot study actually caused the outco-

ßØ╇やı-や²æı±やª̶±Øや²æØやıß¬̶ª²や©Œや²æØやı-²Ø°-̶œや¬°©RœØや©Œや±²³-

dents and teachers on the validity; Ø¼²Ø°-̶œやむæ©¹や±³°Øや
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; ª©-±²°³ª² 
むæ©¹や²©や©Æ²̶ı-や²æØやßØ̶±³°Ø±や²©やR-Łや²æØや¬°©ÆœØß±や̶-Łや
ŁıUª³œ²ıØ±や°Øœ̶²ØŁや²©や²æØや³²ıœı²ıØ±や©°やÆØ-ØR²±や©Œやı-²Øº°̶-
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1°©ÆœØßや̶-Łの©°や%ıUª³œ²½ Category Variable Discussion

4²³ŁØ-²±やæ̶Łや±©ßØやŁıUª³œ²ıØ±や²©や³-ŁØ°±²̶-Łや²æØや
purpose of methods. We realized that even a well-
documented method is not enough to describe 
ı²±や¬³°¬©±Ø╆や0²æØ°やŒ̶ª²©°や²æ̶²やı-S³Ø-ªØやı-やÆ̶Łや
comprehension of method purpose, is the lack of 
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.

Comprehension VE1.1 Our main lack in this problem was 
the training program. Giving a class 
on deriving measurable pieces from 
strategic goals is easiest way to solve 
it.

The degree of adjustment of the indicators with 
²æØやßØ̶±³°ı-ºや-ØØŁ±や̶-Łの©°や²æØや±²°̶²Øºıªやº©̶œ±や©Œや
²æØや¬°̶ª²ıª̶œやª̶±Øやı±や²æØや̶ªª³°̶ª½や²æ̶²やª̶-や©TØ°±や
the software engineers with the help of method. 
Quarter of students achieved 75% of this accuracy, 
²æı±やßØ̶-±╇や²æØ½やŒ̶ıœØŁや²©やØ¼²°̶ª²や²æØや®³̶-²ıR̶ÆœØや
ı-Œ©°ß̶²ı©-やŒ°©ßやßØ̶±³°ØßØ-²や-ØØŁ±や̶-Łの©°や
strategic goals in a correct way.

Utility VE2.2 Each measurement template 
represent a measurable part of an 
strategic goal, so, if by each template 
²æØやßØ̶±³°̶ÆœØや¬©°²ı©-やı±やŁØR-ØŁや
with its strategic goal, accurate 
information will be designed for each 
strategic goal.

Quarter of students had problems in time to 
ŁØR-Øやı-Łıª̶²©°±╆や5æØや±¬ØØŁや²©やŁØR-Øや̶-やı-Łıª̶²©°や
hourly was doubled with the rest of the student 
teams. The main reason was because they do not 
³±Øや̶やßØªæ̶-ı±ßや²©やŁØR-Øやı-Łıª̶²©°±やŒ°©ßや̶や±Ø²や
of measures categorized and organized. Both 
the organization of the measures as well as the 
ßØªæ̶-ı±ßや̶ªªØœØ°̶²Ø±や²æØや¬°©ªØ±±や©ŒやŁØR-ı-ºや
indicators.

Performance VD1.6 5ıßØやß̶mØ°±╇やÆ³²やı²や-©²や̶±やıß¬©°²̶-²や
as the correctness of indicators.  A 
set of measures organized as a tree 
©ŒやßØ̶±³°Ø±やı±やÆØ-ØRªı̶œや²©や¬œ©²や²æØや
best path that meets the measurement 
needs a strategic goal, this represent a 
correct alignment.
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1°©ÆœØßや̶-Łの©°や%ıUª³œ²½ Category Variable Discussion

Understand the methods and the characteristics that stand 
out over other methods, are the basis for knowing how 
to use and exploit its method. In one hand, in strategic 
measurement programs, the alignment of strategic goals and 
ı-Łıª̶²©°±やŁı°Øª²œ½やı-S³Ø-ªØや²æØや¹æ©œØや±²°̶²Øº½や̶ªæıØµØßØ-²╆や
In other hand, understand how to design and obtain a result 
of measure (metric) is essential to design an indicator, this 
is known as a measurement method. Less than quarter 
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.

Comprehension VE1.2 A value extracted from an 
electronic resource or hard copy 
source by applying a measurement 
method is a piece for decision 
makers. A correction without 
spotlight is shooting in dark. Our 
suggestion is to add the resource 
©¹-Ø°やŒ©°やØTØª²ıµØやª©°°Øª²ı©-╆

Understanding the use of information is key to design 
ØTØª²ıµØやßØ̶±³°ØßØ-²やØœØßØ-²±╆や5æØやß̶ı-やßØ̶±³°ØßØ-²や
element is the measurement template (or measurement 
ª©-±²°³ª²や̶±やø-©¹-や̶²や*40の*&$やｱｵｹｳｹ《╇や±ı-ªØやı²やæØœ¬±や²©やª©œœØª²や
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.

Comprehension VE1.3 Understanding the functions of 
the measurement template is basic.  
The quality of indicators presented 
to decision makers depends on it. 

Just quarter of students partially comprehend the utility 
of method information in what to expect from an external 
analysis. To lead a competitive strategy, strategic goals 
-ØØŁや²©やÆØやŁØR-ØŁやŒ°©ßやØ¼²Ø°-̶œやŒ̶ª²©°±╇や̶-Łや²æØやÆØ±²や¹̶½や
to discover such factors is making a market analysis. Anew, 
students fell into the same problem, lack of knowledge and 
experience of market analysis.

Utility VE2.1 At the end of performing the 
strategic measurement program, 
one of the best boosts to the success 
is the external analysis. For this 
reason, market analysis should be 
part of the training program. 
 

Unexpectedly, almost all students do not comprehend the 
utility of method information to design a measurement 
program (VE2.3). Collection and analysis procedures are 
the basic part of a measurement program, in the opinion of 
students, documents of methods analyzed were not enough 
to analyze and collect information, and even with methods 
Æ̶±ØŁや©-や²æØや*40の*&$やｱｵｹｳｹや¬°©ªØŁ³°Ø±╆や*-や©³°や©¬ı-ı©-╇や
students should have been studied the standard to discover 
its true potential.

Utility VE2.3 The collection, analysis and report 
periods are very useful to inform to 
decision makers in time and with 
precise information. Designers 
must be clear about its utility for 
ÆØmØ°やŁØ±ıº-╆や

5æØやŁıTØ°Ø-²やœØµØœ±や©ŒやŁØªı±ı©-やß̶øı-ºや〉Łı°Øª²ıµØ╇やß̶-̶ºØ°ı̶œ╇や
operational levels) into a SEO are pieces that maintain the 
whole strategy in control, without a report procedure to all 
decision making levels, the strategic goals are disconnected 
pieces without control.  A method not prepared to inform 
to all levels, such as a classic method designed to report to 
¬°©łØª²やß̶-̶ºØ°±╇や¹ıœœやæ̶µØや¬°©ÆœØß±や©Œやｷｵゾや©ŒやØTØª²ıµØ-Ø±±や
of how information goes through SEO. Quarter of students 
ª©-R°ßや²æı±や̶±±Ø°²ı©-╆

Utility VE2.4 Here the picture is clear, if the 
reports are not designed for all 
decision making levels, then 
ØTØª²ıµØ-Ø±±や©ŒやŁØªı±ı©-±や¹ıœœやÆØや
Æ̶Łœ½や̶TØª²ØŁや²æ°©³ºæ©³²や²æØや
organization.

The measurement program is composed by plans and 
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 
ŁØœ̶½や¬°©ÆœØß±╆や5æØ½やŁ©³ÆœØŁや²æØや²ıßØや²©やŁØR-Øや²æØや±²°̶²Øºıªや
ßØ̶±³°ØßØ-²や¬°©º°̶ßや±¬Ø-Łı-ºや²ıßØやØ±¬Øªı̶œœ½や©-やŁØR-ı-ºや
external and internal factors.

Performance VD1.1 Students with a software engineer 
¬°©RœØやı±や-©²やØ-©³ºæや²©やŁØ±ıº-や̶や
strategic measurement program, 
time and quality of information 
̶°Øや̶TØª²ØŁ╆やや0³°や±³ººØ±²ı©-やı±や
integrating strategic management 
and market analysis practitioners 
in the process of strategic 
ßØ̶±³°ØßØ-²や¬°©º°̶ßやŁØR-ı²ı©-╆
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ting improvement initiatives in business strategy, align 

correctly the strategic goals with the measurement pro-

º°̶ß╇やŁØ±ıº-や̶や¬°Øªı±ØやßØ̶±³°ØßØ-²や¬°©º°̶ßやŒ©°やØTØª-

²ıµØやŁØªı±ı©-やß̶øı-ºや̶²や̶œœや©°º̶-ı¾̶²ı©-やœØµØœ±╉やR-̶œœ½╇や
ª©-ªœ³±ı©-や むや æ©¹や ²©や Ł°̶¹や ±²̶²ı±²ıª̶œœ½や ª©°°Øª²や ª©-ªœ³-

sions based on qualitative measures.

Kpvgtpcn

*-±²°³ßØ-²̶²ı©-. We observed that students requested 

moreや ²³²©°±æı¬±やand reviews for BOQM teams due to 

the lack of strategic business knowledge. But, this had 

minor impact on results. This is why ß̶²³°̶²ı©- issues 

are not important for the outcome of the study.

Gzvgtpcn"

1°©RœØ±や©Œや²æØや²Ø̶ªæØ°±. 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

1°©RœØ±や©Œや²æØや±²³ŁØ-²±. Regarding students, the selec-

²ı©-や©Œや²æØや±²³ŁØ-²±‒や¬°©RœØ±や¹̶±やª°̶Œ²ØŁや²©やÆØや̶±やæ©ß©-

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 

̶²や²æØやß©ßØ-²や©Œや²æØや±²³Ł½╇やı²や¹̶±やŁıUª³œ²や²©や°Ø±©œµØや²æØや
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. 

(°©³¬ı-ºや©Œや²æØや±²³ŁØ-²±╆ 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 

ºØ²や²©やª°Ø̶²Øや̶やº©©ŁやRœ²Ø°やŒ©°や²æı±や±²³Ł½╆や)©¹ØµØ°╇や²æØや
measurement capabilities of four teams were very simi-

lar and therefore not considered a problem on the re-

sults of impact. TBD

Eqpuvtwev

4̶ß¬œØや ±ı¾Ø╆や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 

R-Łı-º±╆

Conclusion

5æØや²©©œ±や³²ıœı¾ØŁ╆や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 

²©やÆØmØ°や³-ŁØ°±²̶-Łや²æØやß̶ı-や¬°©ÆœØß±や̶-ŁやŁıUª³œ²ıØ±や
¹æØ-やŁØR-ı-ºや±²°̶²ØºıªやßØ̶±³°ØßØ-²や¬°©º°̶ß±╆や.̶-½や
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.

Vcdng"320"Rtqdngou"cpf"fkhhkewnvkgu"vq"lwuvkh{"vjg"wvknkvkgu"qt"dgpghkvu"qh"kpvgitcvkpi"kortqxgogpv"kpkvkcvkxgu"kp"dwukpguu"uvtcvgi{

1°©ÆœØßや̶-Łの©°や%ıUª³œ²½ Category Variable Discussion

,-©¹ı-ºや²æØやÆØ-ØR²±や©Œや²æØやßØ²æ©Łやı-Œ©°ß̶²ı©-や
ı±やØ̶±Ø°や²©やŁØ±ıº-や̶-Łやª©-²°©œや²æØやÆØ-ØR²±や©Œや²æØや
whole strategy. Designing competitive strategic 
º©̶œ±やı±や̶やÆØ-ØR²や°Ø±³œ²ı-ºやŒ°©ßや̶やß̶°øØ²や
analysis. Also, justifying improvement initiatives 
ı-やÆ³±ı-Ø±±や±²°̶²Øº½やı±や̶やÆØ-ØR²や©Œや̶œıº-ı-ºや²æØや
practices or activities of improvement initiatives 
〉Ø╆º╆や$..*╇や*40の*&$やｱｲｲｰｷ《や¹ı²æや²æØや°Ø±©³°ªØ±や
used to get values in the measurement template 
(or measurement construct). Three quarters, or 
-Ø̶°œ½や̶œœや±²³ŁØ-²±やŁ©や-©²や³-ŁØ°±²̶-Łや²æØやÆØ-ØR²±や
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.
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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-

ÆœØß±や ©-や æ©¹や ²©や ŁØ±ıº-や ØUªıØ-²や ±²°̶²ØºıªやßØ̶±³°Ø-

ßØ-²や¬°©º°̶ß±╆や*-や©°ŁØ°や²©やºØ²や̶やÆØmØ°や³-ŁØ°±²̶-Łı-ºや
of these concerns, in this paper we presented the re-

sults obtained from pilot study, which involved the 

use PSM, BSC&GQ[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-

º°̶ßやŒ©°やØTØª²ıµØやŁØªı±ı©-やß̶øı-ºや̶²や̶œœや©°º̶-ı¾̶²ı©-や
levels, to align correctly the strategic goals with the 

measurement program, and to justify the utilities or be-

-ØR²±や ©Œや ı-²Øº°̶²ı-ºや ıß¬°©µØßØ-²や ı-ı²ı̶²ıµØ±や ı-や Æ³±ı-
ness strategy. 

8ØやŁı±ª³±±ØŁや ²æØや ıŁØ-²ıRØŁや ¬°©ÆœØß±や ª©-±ıŁØ°ı-ºや
²æ°ØØや ß̶ı-や ª̶²Øº©°ıØ±╈や ª©ß¬°ØæØ-±ı©-や む²æØや ̶Æıœı²½や ²©や
³-ŁØ°±²̶-Łや ²æØや ßØ̶±³°ØßØ-²や ßØ²æ©Ł╇や ¬Ø°Œ©°ß̶-ªØむや
the ability to design indicators and the measurement 

¬°©º°̶ßやı-や̶や±æ©°²や²ıßØ╇や̶-Łや³²ıœı²½やむ²æØや̶Æıœı²½や²©や³--

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 

æØœ¬や ²©や °ØR-Øや ©³°や R-Łı-º±や ı-や ©°ŁØ°や ²©や ©Æ²̶ı-や ß©°Øや
sounding conclusions.

We are also considering to include 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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