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Abstract 

The GoaVQuestiodMetric paradigm is used for empirical 
studies on software projects. Support is given on how to 
dejne and execute a stu& However, the support for run- 
ning several subsequent studies is poor V-GQM introduces 
a life-cycle perspective, creating a process, spanning sev- 
eral GQM studies. After the GQM study has been com- 
pleted, an analysis step of the pian is initiated. The metrics 
are analysed to investigate if they comply with the pian or 
has extended it, and also to investigate if the metrics col- 
lected answer more questions than posed in the plan. The 
questions derived fiom metrics are then used to form the 
goal for the next GQM study, effectively introducing a feed- 
back loop. By introducing the bottom-up approach, a struc- 
tured analysis of the GQM study is possible when construct- 
ing several consecutive GQM studies. A case study, using 
V-GQM, is performed in an industrial setting. 

1 Introduction 

The Goal/Question/Metric approach (GQM) is a method for 
performing empirical studies on software projects [l]. The 
idea is to introduce the goals of a study before doing any 
data collection. The theory is that only useful data is gath- 
ered, leading to more cost-effective studies than if a large 
amount of data is gathered without a clear purpose or use. 

When the data have been collected, an analysis is per- 
formed to validate if the collected metrics answers the ques- 
tions in the study and that the goal of the study is achieved. 
However, the procedure does not take into account the po- 
tential unforeseen benefits of the metrics. For example, in a 
GQM study of a verification and validation process, the dis- 
tribution of defects over different phases is measured. This 
is a process-oriented study used for identifying improve- 
ment areas. The metric collected includes information of the 

distribution of defects on different parts of the product in ad- 
dition to the distribution over phases. As a result, a product 
attribute is measured as well as the process attributes with 
the same metric, although this was not one of the goals. 

Another aspect considered in this paper is when GQM 
studies are part of several consecutive projects. How should 
subsequent studies improve and learn fiom the experience of 
the previous studies? 

This paper introduces V-GQM (Validating GoaVQues- 
t i o f l e t r i c )  as a method for analysing a GQM study, after 
the data have been collected, as a mean for validating the 
study. The metrics and questions are analysed, based on ex- 
perience of the collected data, with the purpose of adapting 
it to the current environment and to attain experience for 
subsequent studies. The analysis does not only take into ac- 
count the data collection procedures, but also external fac- 
tors in the environment, for example organisational changes 
or technology advances, in the context of the study. 

Experience Factory (EF) is a concept for gathering and 
storing experiences from software projects within an organ- 
isation [2]. Implementing an EF is a rigorous and difficult 
task ["I. Similarly to all process improvements efforts, EF 
has to be introduced gradually. The methods presented in 
this paper can be used as a bottom-up approach for imple- 
menting parts of an EF. As experiences are documented and 
studies evolve, GQM is put in a larger perspective, where 
previous experiences are a central part of designing new 
studies. 

It should be noted that it is not the data collected that is 
subjects for the analysis. Rather, it is the GQM plan that is 
analysed. The collected data and derived results are not in- 
teresting by themselves, but aspects such as what has been 
collected, or if it was possible at all to collect the data, are 
investigated. Hence, it is only after a completed data collec- 
tion and analysis phase that the principles described here are 
put into work. 
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This paper is organised as follows: Section 2 briefly 
presents related work. Section 3 describes the concepts and 
constituents ofV-GQM. A case study is performed in an in- 
dustrial setting, using the V-GQM method. This is present- 
ed in Section 4. A summary and a discussion on V-GQM 
are presented in Section 5 .  

Goal 
Statement 

2 Related work 

Goal 
Refinement 

A few studies on validation of GQM studies are published. 
In the work of Niessink and van Vliet [9] and Birk, van 
Solingen and Jarvinen [3], an emphasis is put on the value 
of a study, rather than on the data collection. 

Niessink and van Vliet argue that studies must be related 
to overall business and organisational goals. They define a 
generic process for implementing studies, which takes into 
account business and organisational goals [9]. The ideas are 
similar to one of the purposes of this paper, that is, the cou- 
pling of the overall goals in the organisation to the goals in 
the GQM plan. However, there are differences. Most im- 
portantly, this work is done in the context ofGQM. Also, as 
Niessink and van Vliet [9] state themselves, the generic 
process is on a too high level of abstraction to directly sup- 
port implementation of studies. V-GQM, on the other hand, 
is a hands-on approach at a practical abstraction level. 

In Birk et. al. [3] it is concluded that GQM needs to be 
extended in the areas of management of goals for several 
subsequent studies, distinctions made between initial and 
routine implementation of studies and that tool support is 
important for the success of a GQM study. The idea of ex- 
tending GQM to include long-term goals when investigat- 
ing several, subsequent GQM studies, is the core principle 
in V-GQM. 

Offen and Jeffery present an extension to GQM, denoted 
M3P [IO]. M3P extends GQM by adding a couple of steps 
before the normal ones in the GQM approach. These are in- 
troduced to include organisational and business goals in the 
goal of a study. This is done before the actual study and 
does not focus at all on the validation of a study. V-GQM 
and M3P complement each other, and there is no contradic- 
tion to applying both in the same study. 

Question 
Definition 

3 The V-GQM method 

Question 
Analysis 

GQM has proven to be an effective instrument for imple- 
menting successful studies [3, 81. However, GQM is criti- 
cised for focusing too much on the data collection and too 
little on external factors [9], and also for the lack of a 
structured way of implementing several, consecutive stud- 
ies [3]. 

Metric 
Derivation 

GQM provides a structured approach to implementing a 
study. A structured approach is also needed to analyse the 
study as such, with a perspective ranging over more than 
one GQM study. The analysis approach presented here pro- 
vides this mechanism. 

The proposed approach can be compared to the V-model 
[ I  13. Figure 1 shows how a V-model for GQM can look 
like. 

Metric 
Validation 

Fig. 1. V-GQM method 

First, the goals (requirements) are stated. Second, the 
questions are defined (high-level design). Third, metrics 
are derived (low-level design). Lastly, the metrics are col- 
lected and the result analysed (implementation). Normally, 
this is where a GQM study finishes. Instead of stopping 
here, three more steps are introduced: Validating metrics 
(unit testing), question analysis (integration testing) and 
goal refinement (system testing). 

In section 3.1, the validation procedure is described for 
the collected metrics. Section 3.2 present the concept of 
identifying questions from the newly analysed metrics. Fur- 
ther, section 3.3 presents how the goal of a GQM study can 
be evolved from the analysis of metrics and questions. Is- 
sues about the problems and risks with using this approach 
are discussed in section 3.4. 

Just as within a software project, the actual process for 
executing a V-GQM study might vary. There can be itera- 
tions between the steps in the model, or the study as such 
might be performed in an iterative manor, as for example in 
the spiral model [4]. 

3.1 Metrics validation 

The first additional step in V-GQM is the validation of col- 
lected metrics. This includes an analysis of what has actu- 
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ally been collected. The metrics are divided into four 
different categories: 

Unavailable - The metric could for some reason not be 
collected. 
Extended - More data is collected than suggested in 
the GQM plan. 
Generalisable - The collected data can be generalised, 
i.e. used to answer more than the question raised in the 
plan. 
Sufficient - The metric answers what it should answer, 
but not more than it should and can be collected. 

As the last category does not require any more analysis, 
it is not further elaborated. 

Extendedmetrics - In practise, more data is often collect- 
ed with the motivation that is could easily be done while 
collecting other data, see Figure 2. The question is why 
these extensions were not included in the original plan. For 
example, if effort (person hours) is collected, the lead-time 
may also be included. The reason may be that it is easily 
collected at the same time. As a result, more information is 
collected without it being specified in the GQM plan. This 
is not necessarily wrong, as issues can be overlooked when 
writing the plan. 

Original plan Extensions 

m I 
1 

I I 

Question Question - - - 

Metric Metric Metric 

I 

Question 

I 

Fig. 2. Extended metrics 

Generalisable metrics - Sometimes metrics answer more 
than is asked for, that is, the answer is generalisable. It is 
not obvious how to uncover these generalisable metrics 
without a structured analysis. As the metrics are derived 
from questions, it can be difficult to look beyond those for 
more answers than for the questions raised. Figure 3 de- 
scribes the situation. Consider the following example. The 
aim of a metric is to collect the distribution of defects over 
time as the project proceeds with the purpose of identifying 
where to introduce new verification and validation efforts. 
However, the metrics collected also informs about the de- 
fect density of the product, leading to information on the 
quality ofthe product. The former is a process metric, while 
the latter is a product metric. Effectively, the answers ob- 

tained can be generalised to answer other questions than of 
those in the plan. 

Original plan Generalisation 
I 
I 

I 

Fig. 3. Generalisable metrics 

Unavailable metrics - There might also be certain data 
that could not be collected, see Figure 4. It is not always ob- 
vious on beforehand what data is possible to collect. There 
are several reasons for why some data can not be collected. 
It may be too costly to extract the data, sufficient measure- 
ments may be lacking from the development or the data 
may be of poor quality, making it useless. 

Original plan 

Metric Metric Metric M$h.ic 
/ \  

/ \ 

Fig. 4. Unavailable metrics 

By applying a structured analysis approach of the met- 
rics, the issues described above can be dealt with and expe- 
riences gained. Note that the aim is not to add new metrics 
to the plan. On the contrary, metrics might very well be dis- 
carded if they prove to be redundant or not possible to col- 
lect. The procedure aims at optimisation of the study to 
improve the collection effort as well as cost-benefit rela- 
tionship. 

The procedure for validating the metrics is as follows: 
1. Identify metrics that could not be collected and what 

procedures that have to be introduced to be able to col- 
lect the metrics. 

2. Identify metrics for which more data has been collected 
than required by the questions. Analyse what else has 
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been measured and why the extension has taken place. 
3. Identify metrics for which the data answers more ques- 

tions than posed. Analyse the data to disclose available 
infomation. 
The order between the steps is not critical. Some might 

find it more instructive to analyse the questions in the order 
they are presented in the plan rather than as suggested here. 
However, it is important to categorise all the questions into 
one of the four categories. 

3.2 Question analysis 

When the metrics have been validated the questions are 
analysed. From the metrics validation, the questions are 
improved and new questions are derived. Only a very 
coarse filtering of the questions should be performed. 
Obvious irrelevant questions should be discarded. How- 
ever, all other questions should be kept even if the amount 
is becoming quite large. The elicitation of questions should 
be done in the next step, goal refinement, where the overall 
goal is considered and a better overview is retained. If 
questions are discarded in this step, then they will never 
reach the goal refinement step and potential benefits may 
be lost. 

One aspect in the analysis to be considered is the effort 
that a question requires to be answered. This information is 
used in the next step when the GQM plan for the subsequent 
GQM study is constructed. By estimating the effort, in- 
formed decisions on the extent of a subsequent study can be 
made. The effort is related to the metrics. However, since 
one metric might answer several questions, it is important 
to identify both the effort for a metric to be collected as well 
as the benefits of collecting it. If the effort is only related to 
a metric and not the collection of the metric, an incomplete 
view of the actual effort will lead to an over-estimate. 
Therefore, the effort should be calculated in the question 
analysis step, and not in the metrics validation. This infor- 
mation is later used in the goal refinement step. 

In the question analysis, actions to resolve issues are 
identified. For example, if a metric can not be collected this 
leads to an unanswerable question. In that case it may be 
necessary to introduce new measurements in the develop- 
ment process to be able to answer the questions in the GQM 
study. An alternative approach is to remove the question, 
leading to that less information is collected. 

Actions are identified in this step, but the decisions on 
which actions to take are made in the next step, goal refine- 
ment. Again, with the same motivation as for the effort 
analysis, that is, the overall goal needs to be considered 
rather than a single question. 

3.3 Goal refinement 

The last step is also the first step in the subsequent GQM 
study. From the metrics validation and question analysis, 
the goal is refined and evolved based on the experience 
from the previous study. The plan for the next project is 
drafted based on the previous plan as well as the result 
from the analysis of the previous study. 

There are two sets of influencing factors: First, external 
factors such as goals of the organisation and changes in the 
setting. Second, the analysis from the study under analysis, 
giving input on the data collection as such, concerning 
availability of data and experience of usefulness. The two 
sets of factors work together to facilitate not only successful 
studies, but also usefulness for the organisation in large. 

Based on future goals and analysis of past studies, a new 
GQM plan is derived. The analysis includes elicitation of 
questions and metrics and also potential introduction of 
new data collection procedures. With the analysis, in- 
formed decisions can be made regarding cost and benefit. 

3.4 Risks and problems 

As with any other empirical method, care must be taken to 
keep an objective view and a focus on the applicability of 
the result. Especially, researcher expectancies can be a 
problem. However, this is likely to have a greater effect on 
the first implementation of a GQM plan than on the post- 
analysis presented here. Still, this factor should not be 
overlooked. 

There is a risk in using the result as a basis, since it might 
lead to an evolvement where the study is formed to derive 
a certain result. This risk is not in any sense limited to the 
approach presented in this paper. Nevertheless, this is a risk 
that needs consideration. 

If too much focus is paid to the data collection, the re- 
sulting analysis will be more focused than necessary and, 
perhaps more important, will act prohibitory on evolving 
and expanding the study. By keeping the long-term goal in 
mind, this effect can be minimised. Even if some informa- 
tion is difficult to collect, it can still be worth while collect- 
ing it, depending on the benefits of the information. 

Another risk is inappropriate use of data. For example, if 
the use of a project-planning tool is concluded to imply a 
mature-planning process a mistake can be made. The impli- 
cation is not necessary true, since over-zealous belief in 
CASE tools are not uncommon. If the causal relationships 
are investigated, this can to a large extent be handled. 
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4 Case study: ABB Automation Products 
AB 

A GQM study is performed at ABB Automation Products 
AB (ABB APR) in Malmii, Sweden. The purpose of the 
study is to establish a baseline of current practise. The V- 
GQM method presented in section 3 is used on the study as 
an example on how it can be used in practise. 

4.1 Introduction to ABB APR 

ABB APR produces software for developing and supervis- 
ing large-scale industrial control systems. Products range 
from PID controllers to operator interfaces. The products 

Table 1. Question definition 

are used worldwide by many customers. The systems 
developed are distributed and of real-time character. 

The development organisation is divided into two de- 
partments, one developing the operator and maintenance 
interface for the control systems, the other developing the 
control development system and core systems. The study 
presented here is conducted at the latter department. When 
referring to ABB APR later in this paper, the second of the 
two departments is referred to. 

ABB APR has more than 20 years of experience of soft- 
ware development. ABB APR is close to being at CMM 
level 2 [6], judged by independent evaluators, not at an of- 
ficial evaluation. The aim is to be at CMM level 2 before 
the end of year 2000. 

Process definition Quality focus 
Process Conformance Process Domain Understanding 

1. Which test methods are used by 9. How well do the testers and devel- 13.What is the quality of the require- 
the developers and testers? opers understand the requirements? ments? 

2. Which inspection methods are 10.How well do the testers and devel- 14.How much time does the people 
used? Which documents are opers understand the overall func- involved in the project spend in 
inspected? tion? each phase? 

3. Which group of people are 11.How much experience do the test- 15.What is the lead-time of the devel- 
responsible for producing the fol- ers and developers have with the opment phases? 
lowing test specifications: product? Within the domain? I6.How does the distribution of faults 

Unit test cases 12.What is the general atmosphere look like over the different phases? 
Integration test cases towards changes and improvements 17.How many failures (defects still in 
System test cases to the development and testing the product) are observed in the 
Acceptance test cases process? delivered product? 

4. Which group of people are 18.How is the internal delivery quality 
responsible for performing the fol- 
lowing activities: 19.How many people are involved in 

Document reviews 
Unit test 
Integration test Development 
System test Testing 
Acceptance test 

perceived? 

the following activities: 
Requirement specification 

One person might very well be 
involved in several activities 

20.When are the different documents 
5 .  Which design methods are used? 
6. What is the relationship between 

the following documents: produced? 
Requirements 
Design 
Test cases 

used, if any? 
7. What kinds of CASE tools are 

8. How is the company organised? 
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4.2 The process improvement initiative Table 2. Scale description 

ABB has centrally identified software technology is a key 
area for strategic development. To support the various soft- 
ware activities it has been decided to invest money in 
improving the software process within all ABB compa- 
nies. As a part of this initiative, ABB APR has invested in 
a three-year project together with LUCAS’ with the aim at 
improving the verification and validation (V&V) process. 

In addition to the V&V project, there are several other 
activities aimed at improving the software development 
process. For example, improving the requirement process 
and the estimation of project resources. 

4.3 The GQM plan 

A baseline of current practise is needed before introducing 
process improvements [12]. The GQM plan used in this 
case study has the purpose of establishing a baseline and 
also serves as basis for continuous evaluation of the cur- 
rent practise at ABB APR. The plan is structured as found 
in, for example, [5 ,  131. 

4.3.1 Goal statement. The purpose of this project is to 
characterise the V&V process. As it is an initial study, a 
wide perspective is taken: 

Analyse the verijkation and validation process 
for the purpose of characterisation 
with respect to eflectiveness and eflciency 
from the viewpoint of developers, testers and 
researchers 
in the context of the Atlas project 

The Atlas project is the currently running project for the 
next release of the software. As this is an initial study, the 
perspective is broad and it is expected that a number of 
measurements might have to be introduced to be able to 
control future process changes. 

4.3.2 Question statement. In total 20 questions are 
defined. The questions are divided into two main areas, 
process definition and quality focus. Also, process defini- 
tion is divided into process conformance and process 
domain understanding [5]. The questions are found in 
Table 1. 

4.3.3 Metrics definition. The last step in the definition 
of a GQM plan is the metrics definition [12]. The scales 

Scale Explanation 

Descriptive The answer is put in general, non-quan- 
tifiable terms. For example, boundary 
value analysis is used when construct- 
ing unit tests. 

Ordinal The answers can be compared to each 
other, but have no absolute value. For 
example, understanding of require- 
ments might be better or worse 
between two persons. However, it is 
not possible to quantify the understand- 
ing. 

Absolute The answer is quantifiable and has an 
absolute meaning. For example, 
number of testers involved in system 
testing. 

used are explained in Table2 and the categories are 
described in Table 3 [ 131. 

Table 4 describes the question-metric relationship. For 
the descriptive metrics, observation of people involved in 
the development and information collected by key person- 
nel is the main mechanism for collecting data. The informa- 
tion is not subjective or gradeable as the metrics are 
descriptive. For the metrics concerning ordinal assessment, 
interviews are performed with people involved in the devel- 
opment. Typically, subjective data is collected and statisti- 
cal analysis is performed to analyse the result. Lastly, data 
is extracted from existing reporting system for the absolute 
metrics. Again, these are not subjective in nature and col- 
lected by the authors. 

Table 3. Metric categories 

Category Description 

Process The answer concerns the development 
process as such. For example, which 
phases are used in the process? 

Resource The answer is a description of how many 
resources are used. For example, amount 
of time. This metric also includes people 
metrics. For example, the experience of 
a tester. 

The answer is a description of the prod- 
uct or environment on which the survey 
is being conducted. For example, 
number of faults found in the product 
after delivery to customer. 

Product 

1. Lund University Center of Applied Software Research 
http://www.lucas.lth.se 
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In total, there are 16 unique metrics defined. There are 
some questions that require several metrics to be defined, as 
well as there are some metrics that give answer to several 
questions. 

Table 4. Question-Metric relationship 

Metric Question 

Descriptive, Process 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8  

Ordinal, Resource 9, 10, 11 

Descriptive, Resource 12 

Ordinal, Product 13, 18,20 

Absolute, Resource 14, 15, 19 

Absolute. Product 16,17 

4.4 Metrics validation 

The validation of the metrics is done separately in three 
categories, defined earlier: Unavailable metrics, extended 
metrics and generalisable metrics. Even though the valida- 
tion is done per question, it is the metrics and not the ques- 
tions that are validated. 

Table 5. Metrics not possible to collect 

Question Reason 

5 Design is to a large extent done implicit or 
by senior developers only, still mostly 
without formal methods. This effectively 
makes this data difficult to collect. 
The time reports filed are not of sufficient 
granularity or consistency. 

The time reporting system does not con- 
tain sufficient data. However, a coarse 
overview is possible from the metrics col- 
lected for question 16. 

Only parts of the metrics could be col- 
lected. There exist no classification sys- 
tem. Making classification based on 
existing data would be an enormous task, 
as the number of reports is great. 

14 

15 

16 

20 As the time reporting lacks details, this 
classification of documents over time is 
not possible. 

4.4.1 Identify metrics not possible to collect. The ques- 
tion in Table 5 are those for which the metrics could not be 
collected. As seen in the table, mostly absolute metrics 

could not be collected. This indicates that quantitative 
management is not in place, which is compliant with the 
current CMM level [6].  Also, question 5 ,  regarding design, 
cannot be answered, due to the fact that no specific design 
method is employed at ABB APR. 

The metrics missing are: Data on design methods, data 
on man-hours, data on lead-time, and, partly, defect data. 

As this is an initial study, it is not surprising that as many 
as four metrics out of 16 are unavailable. This is hopefully 
rectified in the subsequent studies, by introducing new 
measurements suggested by this V-GQM analysis. 

4.4.2 Extended metrics. In Table 6, the metrics by 
which more is measured are presented, i.e. extended met- 
rics. Three questions concem characterisation of the proc- 
ess at ABB APR and one data on distribution of defects. 

For the process-related questions, knowledge was im- 
plicit and thereby not included in the questions. As the 
knowledge is implicit, the actual process used is not known. 
This information is collected in the process-related ques- 
tions, leading to a documented V&V and requirement proc- 
ess. 

Unexpectedly, the collection of defect data proved to be 
efficient for collecting phase data. It was assumed before 
the collection phase that the information on phases would 
be gathered from time reports. However, as the time report- 
ing is insufficient, this is instead, to some extent, revealed 
from information on defects. 

Table 6. Extended metrics 

Question Explanation 

1 The original question aims at identifying 
test methods, e.g. black-box and muta- 
tion testing, coverage. However, a 
detailed description of the test process is 
collected, identifying process steps and 
entry and exit criteria. 
Both questions concem requirements 
and as in the previous question informa- 
tion about the requirement process is 
collected and documented. 

9, 13 

16 Even though all of the information can 
not be collected for this question (see 
Table 5) ,  other aspects are collected. To 
collect information on the distribution of 
defects, an attempt to identify phases by 
baseline documents is pursued. This 
results in some information on the differ- 
ent phases and their lead-time in the 
project. 
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4.4.3 Generalisable metrics. The generalisable metrics 
are presented in Table 7. There is no general trend in the 
four metrics where generalisation is possible. 

Question 7 deals with the use of CASE tools. This can to 
some extent indicate the underlying maturity. For example, 
if a requirement prioritisation tool is used, this indicates a 
mature requirement process. A further analysis is found in 
the question analysis. 

Question 12 has the purpose of characterising how moti- 
vated people are to change and evolve the working process. 
Due to the nature of the question, it is natural to ask a ques- 
tion regarding previous improvement suggestions. 

Question 16 and 17 relate to the defects and there char- 
acterisation. As a lot of information is collected regarding 
distribution over time and components, this can also be 
used for analysis of the quality of the software product. 

Table 7. Generalisable metrics 

Question Exdanation 

7 From which tools are being used, informa- 
tion on maturity and capability of the 
developers can be derived. For example, if 
a code coverage tool is used, this indicates 
a certain skill conceming testing. If a 
project-planning tool is used, then the 
organisation might have a good maturity 
conceming data collection. 

12 Due to the nature of the question, a direct 
answer is not possible. Instead, questions 
regarding other process improvements 
and the attitude against these are asked. 
By this, an indication of the success and 
employment of earlier changes are meas- 
ured. 
The two questions collect information 
conceming defects, before and after deliv- 
ery. This information can also be used to 
indicate the quality of the product, not just 
the efficiency of the V&V process. 

16, 17 

4.5 Question analysis 

The questions are analysed with the same division of cate- 
gories as the metrics, that is unanswerable, extended and 
generalised questions. 

4.5.1 Unanswerable questions. In total, there are five 
questions that cannot be answered, questions 5, 14, 15, 16 
and 20. Out of these, three concern time reporting, one 
concems defect reporting and one concem design issues. 

Question 5 cannot be answered since the design method 
is implicit and not conducted with any specific method. 
One way of looking at it is to say that this means that no 
specific design method is used. Another way would be that 
as the design is implicit, the question cannot be answered. 
Either the question is removed leading to reliance on ques- 
tion 7 (see section 4.5.3), or it is kept and the answer is con- 
sidered to be that no specific design method is used. In 
either case, very little effort is needed. 

Questions 14, 15 and 20 are seeking the answer to vari- 
ous issues related to time. These questions are not possible 
to answer due to insufficient data. It is possible through ex- 
isting data, together with information on distribution of de- 
fects (question 16), to get an idea of the lead-time, but not 
the effort (person hours). One altemative is to leave the 
measurement process as is and effectively remove ques- 
tions 15 and 20, and also leave question 14 with a some- 
what coarse answer. This requires no additional effort for a 
subsequent study. If, however, a better answer is wanted, 
the collection procedures have to be improved. Introducing 
these procedures can be costly and it is likely to take at least 
a couple of months before reliable data can be collected. 

Data about defect distribution and classification is dealt 
with in question 16. With existing data it is possible to re- 
late defects in time, but not to separate components and it is 
not possible to classify the defects. The former can fairly 
easily be introduced into the defect reporting system if, for 
example, configuration management entities are denoted in 
review and test logs, as well as in defect reports. The defect 
classification requires introduction of a classification sys- 
tem and training to obtain consistency. With the current 
process at ABB APR this is likely to be costly and provide 
low quality data. Independently of course of action, the 
question has to be revised. 

4.5.2 Extended questions. In the extended category 
there are four questions where the metric involved has 
been extended. 

In question 1, issues regarding test method are asked. 
However, information on the test process is also collected. 
Two mutually exclusive actions can be taken: Either to nar- 
row the question to include only the original sought answer, 
or to create two or more questions answering both process 
and method questions. Both actions are cheap to introduce. 

Questions 9 and 13 relate to the requirements. As with 
the previous question, process information is also collected, 
not just answers concerning the quality and understanding 
of the requirements. Again, either the answer is made more 
consistent with the question, or new questions are intro- 
duced, both at a low cost for subsequent studies. Both op- 
tions are viable alternatives. 
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Last in this category is question 16, dealing with defect 
distribution. It is possible to define the phases by the base- 
line of documents, called an artefact driven process. This 
information is naturally extracted from information on de- 
fects. However, it is more reasonable to define this in a sep- 
arate question. The metrics would be shared among a new 
question on phases or artefact relationship, with question 15 
and 16, and to some extent also question 6 (as the logical re- 
lationship between documents are related to, but does not 
necessarily imply a causal relationship as well). 

4.5.3 Generalisable questions. The last category of 
questions is the generalisable ones. This is the fuzziest of 
the categories. From the analysis, four questions are identi- 
fied to be generalisable. 

Question 7 investigates the use of CASE tools. Even 
though more information can be derived from this question, 
it can be dangerous to make the conclusion that a project- 
planning tool is used then the organisation has a mature 
planning process. It would be more reasonable to use the in- 
formation in this question to get an indication of activities 
performed in the project that can require a closer analysis 
from the study. Hence, in the area of design methods, this 
can be used as an early warning system if a move is made 
towards introducing a specific design paradigm. 

Question 12 is the fuzziest question. It deals with the 
motivation of the developers and testers to change and im- 
prove the development process. To answer this question, 
thoughts and attitudes toward previous process improve- 
ments are discussed with people involved in the project. 
Thereby, information on earlier improvements is also gath- 
ered. It is plausible to complement this question with con- 
crete investigation of success factors and interviews on 
process changes. However, this is somewhat costly and 
moves slightly out of focus from the original goal of the 
GQM study. 

Information on defects, before and after delivery, is the 
object of question 16 and 17. This information on the prod- 
uct and defect reports can also be used as an indicator of 
quality, which is part of the V&V process. To facilitate an 
analysis of the quality, one or more questions can be added 
with little cost as no new data has to be collected (new met- 
rics can be introduced, but it is not necessary). If, however, 
this is not chosen, no changes have to be done to the ques- 
tions. 

4.6 Goal refinement 

The goals of the overall project are kept as in the original 
goal in the GQM plan, including the broader perspective. 
As an overall measurement program is not in place at ABB 
APR, this GQM study include V&V specific issues as well 

as more general elements, such as design and requirement 
procedures. 

The purpose of the GQM study is to baseline the current 
practise. However, as several questions are left unanswered 
due to insufficient measurements, several process improve- 
ments are derived and suggested to ABB APR. 

From the analysis of the study, a couple of choices have 
to be made. In the discussion below, questions are selected, 
based on the analysis in section 4.5, and improvements 
identified are put to ABB APR. 

It is judged that the extensions to be able to answer ques- 
tions 14, 15 and 20 would be too costly to introduce in a 
large scale. There exists some form of reporting to the 
project manager, conceming tasks estimated to be finished 
the next couple ofweeks. It is possible, without much effort 
from the developers, to introduce a clearer phase reporting 
system into the existing reporting. But introducing effort 
measurements are deemed to be too costly and risky, con- 
sidering that several other improvements are also intro- 
duced. This is effectively complemented with the extension 
of question 16, as the baseline of documents can effectively 
be used to identify phases as well. The study is extended 
with one or more concrete questions concerning phases. 

As for question 16, on defect distribution, a classifica- 
tion system is left to the future, but changes to introduce 
component-related reporting is put to ABB APR. This 
would generate much value, both concerning the V&V 
process as well as quality. 

Questions 1, 9 and 13 are extended to include specific 
questions on the V&V and requirement process. By classi- 
fying activities in time and method a better view of the en- 
tire process is obtained with little more cost to subsequent 
studies. 

Regarding the design method, question 5: There is no 
need to exclude the question, as the effort for collecting the 
information is small. Also, the potential risk in overlooking 
this issue is larger than the added effort for collecting the in- 
formation. Hence, the question is kept as is. 

From the analysis of question 7, it is deemed unneces- 
sary to make any changes. Current practise lacks many of 
the areas where CASE tools can be used effectively. By 
maintaining this question as is, no cost is added to perform- 
ing a future study and still a good indication of the improve- 
ment is kept. 

One result of the study is that previous process improve- 
ment efforts have had varying success and the impact is not 
clearly known. As a result, question 12 is extended to in- 
clude separate questions on previous improvement initia- 
tives, as well as more concrete questions on attitude and 
motivation. 

Lastly, even though the maturity is somewhat lagging to 
introduce quality measurements, this is pursued. With the 
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introduction of a finer granular defect reporting system, 
data on quality is easily derived and hence questions are 
deemed advisable to add in coming studies. 

4.7 Case study summary 

The GQM study is performed in the context of a three-year 
research project between ABB APR and LUCAS. In this 
context, a greater emphasis in the analysis is put on the 
introduction of new measurements at ABB APR, rather 
than streamlining the study to current conditions. As this is 
an initial study, several aspects need improvement. A cou- 
ple of measurements are suggested to ABB APR as well as 
new questions to improve the GQM plan. Most notable is 
that there are several questions left unanswered. By doing 
the reverse analysis of the GQM plan and result, this is 
likely to be reduced in the future. 

The case study shows how V-GQM can be used in one 
cycle in a larger context, including several GQM studies. 

5 Summary and conclusions 

The GQM approach is successfully utilised to implement 
improvement programs. GQM gives support for definition 
and collection of metrics, which are set in a certain context 
and related to certain goals, thereby providing more rele- 
vant information. However, there is limited support in the 
method to validate the GQM approach as such, in particu- 
larly as a part in a long-term improvement program. 

In this paper, a GQM method with validation extensions 
is presented, the V-GQM method. In the spirit of the V- 
model for software development, steps for metrics valida- 
tion, question analysis and goal refinement are added to 
feed experiences back from one instance of a GQM study 
to a subsequent study. The method is presented and applied 
to a case study at ABB Automation Products AB. 

The experiences from applying the V-GQM indicate that 
it provides useful support for validation of a GQM study. 
Thereby a subsequent study can be made better by a sys- 
tematic approach to analysing the outcome of a GQM 
study. 
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