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Abstract. Effective methods for metrics definition are of particular importance, 
as measurement mechanisms are indispensable in virtually any engineering dis-
cipline. The paper describes how the well known Goal-Question-Metric (GQM) 
method of systematic metrics derivation from measurement goals can be ex-
tended by applying argument structures. The proposed approach is called Goal-
Argument-Metric (GAM). The general ideas of GQM and GAM are briefly 
introduced and they are followed by the comparison of the two approaches. 
Next, the Trust-IT framework is described – it is used to develop argument 
structures in GAM. Then a case study of application of GAM is presented. The 
case study concerns derivation of metrics and direct measurements with the ob-
jective to assess effectiveness of Standards Conformity Framework (SCF), 
which is currently under development. In conclusion, early experience with 
GAM is presented and more information about on-going research on argument 
structures is given. 
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1   Introduction 

Measurement mechanisms provide feedback that helps in evaluation of the actions 
undertaken and their results. However, identifying the scope of raw data to be col-
lected and the metrics to be calculated from these data in order to achieve a particular 
measurement goal is a difficult and error-prone task. Selection of appropriate metrics 
which fit for the purpose and which do not generate unnecessary costs is a challenge. 
Implementation of the raw data collection process (which often needs non-trivial 
involvement of human effort) may be highly resource consuming. Collecting insuffi-
cient or excessive data and metrics can be frustrating and can undermine the whole 
measurements initiative. Therefore, it is of primary importance that measurement 
plans make evident the objectives and the scope of collected data and the resulting 
metrics. 

The above problems provided strong motivation for the research towards develop-
ment of effective and efficient methodologies supporting systematic metrics derivation. 
An example is Goal-Question-Metric (GQM) [1, 9], which is a well known method-
ology targeted at defining measurement plans. 

In this paper we propose a modification of GQM which we call Goal-Argument-
Metric (GAM). The purpose is to provide solutions to some problems arising while 



 Extending GQM by Argument Structures 27 

using GQM and in particular to provide better support for the identification and mainte-
nance of the relationship between the measurement goals and the related metrics. The 
basic innovation concerns applying argument structures for stepwise refinement of the 
measurement goals into metrics and direct measurements and by maintaining the argu-
ments in the easily readable and accessible form with the help of our TCT tool. 

The paper first introduces GQM and GAM and compares the two approaches. 
Then it introduces the Trust-IT framework [3-7], which we use for expressing and 
maintaining argument structures in GAM. The applicability of GAM is then illus-
trated by a case study. In this case study we refer to the problem of assessment of the 
effectiveness of Standards Conformity Framework (SCF) [2, 7]. SCF, which is pres-
ently under development, is a part of Trust-IT and its objective is to support processes 
of achieving and assessing compliance with standards.  

In conclusion we summarise our contribution and present plans for further research. 

2   GQM 

The Goal-Question-Metric (GQM) methodology was originally developed by 
V. Basili and D. Weiss and then significantly extended by D. Rombach. It is a practi-
cal methodology which helps in systematic derivation of measurement plans. GQM is 
well documented, for a thorough description see e.g. [1, 9]. Many other sources are 
also available on the Internet. The idea of GQM is graphically presented in Fig. 1. 

Goal

Questions

Metrics

Direct 
Measurements

 

Fig. 1. GQM paradigm. Defining measurement goals (abstract level) refining them into ques-
tions (operational level), deriving metrics (quantitative information) and direct measurements. 

 



28 Ł. Cyra and J. Górski 

GQM proceeds top-down, starting with the definition of an abstract measurement 
goal, which explicitly represents the measurement intent.  

Then, referring to this goal, several questions are defined which brake the problem 
into more manageable chunks. The questions are defined in such a way that obtaining 
the answers to the questions leads to the achievement of the measurement goal. This 
step is the most difficult one, as deciding about the level of abstraction of the ques-
tions is by no means a trivial task. It is easy to make the questions too abstract or too 
detailed. In both cases, difficult problems related to identifying the relationship be-
tween the questions and the collected data and metrics, or the problems related to 
interpreting answers to the questions in the context of the measurement goal, may 
arise [9]. Therefore, a substantial experience is usually necessary before one can ef-
fectively apply GQM. This causes that the implementation of GQM requires a signifi-
cant initial effort [9].  

In the next step, based on the questions metrics are defined, which provide quanti-
tative information then treated as answers to the questions. Finally, at the lowest de-
composition layer, direct measurements are defined which provide the data necessary 
to calculate the metrics (see Fig. 1).  

As the problem of defining ‘good’ questions is not easy and had no obvious solution, 
some additional steps have been proposed with the intention to bring more precision to 
GQM. For instance, templates for defining the measurement goal have been introduced 
and supported by different types of models providing additional explanatory informa-
tion. The template requires that the goal is defined in a structured way, including: the 
object of study, the purpose, the quality focus, the viewpoint and the context. The 
structure of such a definition is as follows: 

Analyze  <the object of study> 
for the purpose of < the purpose> 
with respect to <the quality focus> 
from the viewpoint <the viewpoint> 
in the context of <the context> 

It has been confirmed by practical experience that the increased precision and clar-
ity in the goal definition positively influences suitability and usefulness of the meas-
ures derived with the help of GQM [1]. 

Additionally, GQM can be supported by models of different types with the intention 
to better represent the domain knowledge. It has been suggested that descriptive, evalua-
tion, and predictive models are applied to help in ‘grounding’ the abstract attributes, 
defining relationships between objects of different types, and making predictions. 

GQM has evolved in time into its model-based variant, which explicitly considers 
models of processes and products. However, the basic idea is still the same: to derive 
metrics from goals using the three-step top-down procedure inspired by Fig. 1. 

3   GAM 

Following the main idea of GQM, GAM is a goal-oriented methodology for defin- 
ing measurement plans. It differs, however, in the way the metrics and direct data meas-
urements are derived from the goals. Instead of using partial solutions like templates 
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Claims and
Sub-claims

Assertions

Metrics

Direct 
Measurements

 

Fig. 2. GAM paradigm. Deriving direct measurements from goals by defining claims represent-
ing measurement goals, refining them into several levels of sub-claims, which can be finally 
argued using assertions referring to metrics. 

and models, GAM provides seamless way of increasing precision in the whole process of 
metrics derivation. 

In GAM, the goals and sub-goals are represented as claims and then the analysis 
focuses on identifying which data and which properties of the data (further sub-goals) 
are needed to demonstrate these claims.  

The starting point is a claim postulating that the overall measurement goal has been 
achieved. Then the claim is justified by giving an argument which supports the claim. 
The argument can refer to other claims (about certain postulated properties) represent-
ing more manageable components of the problem. The inference rule used in the 
argument is stated explicitly showing the assumed argumentation strategy. If this rule 
is not self evident, another argument may be needed to demonstrate the validity of the 
inference rule. Such an argument can refer to the context of the goal (for instance, to 
argue the completeness of the evidence considered in the inference rule).  

The procedure of decomposing claims into sub-claims is then repeated iteratively 
until it is possible to argue the leaf claims by directly referring to values of certain 
metrics. In such cases, the claims are supported by assertions on prospective values of 
such metrics (i.e. the assertions about metrics), as shown in Fig. 2. 
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In the next step, the assertions are used to build a list of metrics, which is usually a 
trivial task. Finally, direct measurements are derived from the metrics to define the 
scope of raw data to be collected. 

From the argument structure which links the data and metrics with the measure-
ment objective, it is straightforward to implement the bottom-up process that gathers 
the raw data (by means of direct measurements) and aggregates them into metrics. If 
the obtained values meet the criteria given by the assertions kept in the argument 
structure, the whole argument tree explicitly demonstrates that the initial goals have 
been met. 

Fig. 2 illustrates the GAM approach in a graphical form.  

4   Comparison of the Approaches 

Considering the purpose and the general approach (top-down derivation and bot-
tom-up interpretation) GQM and GAM look the same. The differences relate to the 
way of defining and maintaining the relationship between the measurement goals and 
the metrics. 

The topmost claim in GAM is a direct counterpart of the measurement goal in 
GQM. Then, the sub-claims of GAM can be considered as answers to the questions in 
GQM. So it seems that both structures are still similar having counterparts of their 
elements: GQM is structured into layers of questions whereas GAM is structured into 
layers of claims with the strict correspondence between the two structures. However, 
this makes a significant difference, because it is easy (and natural) to link the adjacent 
claim levels by means of explicit arguments while it is not equally easy to identify 
and represent the relationship between the adjacent levels of questions. To demon-
strate this difference let us consider the example represented in Fig. 3. 

The example presents a refinement of the measurement goal which is to assess the 
support provided by a tool X. In case of GQM, a set of questions is defined with the 
intention to cover all the aspects related to analysis of the support provided by tool X. 
Identification of such questions is not an easy task and the analyst has to constantly 
control the scope of the analysis. By contrast, in case of GAM the focus is on finding an 
argumentation strategy which demonstrates the adequate support offered by tool X. In 
the example, the strategy is by considering different application scenarios for X. Once 
the strategy has been chosen, the refinement into sub-claims is a natural consequence. 

In GQM, choosing an appropriate level of abstraction for the questions is (accord-
ing to [9]) a difficult task and a substantial experience in application of the method is 
needed. It is possible to use more than one level of questions to make the definition of 
“proper” questions easier. The relationship between the adjacent levels of questions is 
not explicit, which increases the difficulty in using the method. Some approaches to 
deal with this difficulty have been proposed, for instance, the interpretation models of 
different types [1]. 

GAM admits multiple levels of claims and does not restrict the user in this respect. 
At each level, the problem is broken into more manageable sub-problems and 
the relationship between the adjacent levels is explicitly established by giving the 
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GAM

GQM

Analyse the 
support provided 

by tool X

Tool X provides 
adequate 
support

How does the 
application of

tool X influence 
efficiency?

How do the users 
assess tool X?

How does the 
support provided by 

tool X differ 
depending on the 

application scenario?

Tool X provides 
adequate support 

because it adequately 
supports users in 

each of the chosen 
application scenarios.

Tool X provides 
adequate support 

in scenario A 

Tool X provides 
adequate support 

in scenario B 

 

Fig. 3. Comparison of GQM and GAM. Defining a set of questions on the basis of the meas-
urement goal and a set of sub-claims demonstrating the root claim. 

corresponding argument. The subsequent abstraction layers result naturally from the 
task of justifying the higher level claims by referring to the lower level ones. In order to 
create sound warrants for the arguments, the user of GAM is usually forced to refer to 
the information that is represented in the models foreseen in GQM, however, in this 
case it is simply a part of the argument development process and the scope of this in-
formation is easily controlled. 

In our assessment, the most significant advantage of GAM is the introduction of 
argument strategies and warrants, which support the arguments. Considering what is 
necessary to justify a claim, finding an appropriate argumentation strategy and 
documenting those decisions provides for focusing the scope of the analysis and 
traceability of the results. Arguments make it evident whether the sub-components are 
necessary to support the claim and whether the decomposition is complete. Therefore, 
the questions like: ‘Is it a complete set of questions which must be taken into ac-
count?’ or ‘Do I really need this question to support the goal?’ do not appear in GAM.  
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Both methods are supported by advanced tools. For instance, in [8] a tool support-
ing GQM has been described. GAM is fully supported by the TCT tool [10] which is 
part of the Trust-IT framework. This framework is described in more detail in the 
subsequent sections.  

5   Trust Cases 

Development of arguments in GAM follows the approach defined in the Trust-IT 
framework. A part of the Trust-IT framework is the trust case language which pro-
vides means of expressing arguments [3, 4, 5, 7]. Similar languages have been used in 
the safety critical systems domain to express ‘safety cases’ – arguments justifying that 
a given system is adequately safe while considered in its target context. Trust cases 
differ from safety cases in several respects, for instance they can address broader 
(practically unlimited) scope of properties and do not have any particular restrictions 
on their structure and contents. We have already applied trust cases to analyse and 
justify different properties, including safety, security, privacy and others. Another 
interesting area of application of trust cases is assessing and demonstrating the com-
pliance with standards, which we are presently investigating. 

In GAM we represent argument structures as trust cases. Flexibility of the lan-
guage and legibility of the arguments are two important factors which influenced this 
decision. Additional advantage is that trust cases are supported by an efficient Inter-
net-enabled tool [10] which supports management and sharing of trust case structures. 

Trust cases are composed of nodes of different types. The type of a node represents 
its role in demonstrating a certain statement. The basic logical component of a trust 
case is an argument composed of a claim to be justified (denoted ), evidence sup-
porting the claim and an inference rule which shows how, on the basis of the evi-
dence, the claimed property is achieved. 

The evidence and the claim are connected using nodes of type argument (de-
noted ), which state the argumentation strategy. Apart from arguments also 
counter-arguments (denoted ) can be used. Instead of the argument which refers to 
the evidence supporting the stated claim, counter-arguments demonstrate that the 
claim is not true. They can be used to derive metrics from counter-claims in GAM. 

The inference rule is represented as a node of type warrant (denoted ). The war-
rant demonstrates in detail the argumentation strategy and justify why the inference 
rule used is valid. Assumption nodes are also possible but they are omitted in the de-
scription as they are not used in GAM.  

Finally, the evidence can be of type: claim or fact (denoted ). Facts contain in-
formation which does not need additional justification (because it is obvious) or in-
formation whose validity is demonstrated in external documents. In contrary, claims 
must be demonstrated by other arguments. This way (by justifying claims) a trust case 
develops into a tree structure composed of many levels of abstraction. An example is 
given in Fig. 4. 

Facts which are based on information contained in external documents can be sup-
ported by a node of type reference (denoted ). Such nodes contain information 
about the location of documents (usually it is a URL). 
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Fig. 4. Trust case example. Demonstrating structured reviews effectiveness and efficiency by 
showing that it is possible to detect errors of different types and that the benefits outstrip the 
cost. 

Additionally, anywhere in the argument tree an information node (denoted ) can 
be placed. Such nodes contain explanatory information which does not constitute a 
part of the proper argument. 

Each of the above-mentioned nodes can be represented as a link to specific part of 
the trust case (if this part is to be re-used). Depending on where the link points at, it is 
represented by , , , , ,  or . 

6   Case Study: Overview of the Problem 

In the case study we aimed at deriving metrics and direct measurements for the as-
sessment of the effectiveness of Standards Conformity Framework (SCF) [2, 7]. 

SCF itself is part of the (broader) Trust-IT framework. SCF supports application of 
standards at the stages of achieving, assessing and maintaining compliance. The 
framework provides mechanisms which help to gather the evidence and present it in a 
legible way. The central component of SCF is a Trust Case template - a data structure 
derived from a given standard. Templates also include extra-standard data sources 
like guides, historical data, experts’ knowledge, results of standards analyses and so 
on. All this information is kept in one electronic document. Such documents can be 
further assessed by auditors and if accepted, can be reused in many standards’ com-
pliance projects. SCF is supported by an on-line tool which enables teamwork while 
producing, gathering, and structuring the evidence which demonstrates the compli-
ance with a standard.  

SCF has already been used in some projects and the results are promising. To pro-
vide for a more objective assessment, a research program was initiated targeted at 
better understanding the benefits resulting from the framework application. As the 
overall goal, the analysis of the SCF’s effectiveness was selected. 

The objective was to derive metrics and direct measurements which could then be 
used in experiments to gather the necessary data needed to assess and demonstrate the 
effectiveness of SCF. The identified scope of direct measurements is going to be used 
while planning for a series of experiments targeting at the assessment of the effective-
ness of the SCF framework.  
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Initially, we applied GQM to identify the scope of data to be gathered and the 
scope of metrics to be constructed from those data. The results were, however, not 
satisfactory although we had run two iterations of the GQM process to find the appro-
priate set of metrics. The major problems encountered were related to the derivation 
tree complexity and the scope management. 

The complexity of the GQM tree resulted from the complexity of the problem itself 
(objective reason) and from the difficulties in defining the scope of data to be gath-
ered (subjective reason). The scope of possible questions to be considered and possi-
ble metrics to provide answers to those questions was particularly broad also because 
we had to consider different variants. Therefore, deciding if a given question is be-
yond the scope or if the whole set of questions is complete was particularly difficult. 
In addition, while planning for the data gathering experiments it was often difficult to 
assess how a given data item influences the result of the measurement program. 

The above difficulties led to the decision of applying argument structures to better 
control the relationship between the measurement objective, the metrics and data 
collection. Trust cases and the TCT supporting tool were chosen as the way to repre-
sent and maintain the argument structures. 

7   Case Study: Application of GAM 

To support derivation of metrics and measurements we created a trust case template 
of appropriate structure (see Fig. 5). It represents the whole measurement plan and is 
composed of four branches: 

(1) ‘Effective support for achieving and assessing the compliance’ is the top  
most claim (representing the measurement goal) which contains the whole ar-
gument structure. This claim is to be supported by the argument which justi-
fies it (not shown in Fig. 5). 

(2) ‘Explanation’ contains additional information like the definitions of terms 
used to describe metrics and measurements. 

(3) ‘Metrics Directory’ is the list of all metrics derived from the measurement goal. 
(4) ‘Direct Measurements Directory’ contains the list of all direct measurements 

derived from the metrics. 

In the next step, the argument structure was developed. The measurement goal was 
decomposed into three claims and a warrant which describes the inference rule used. 
This is presented in Fig. 6. 

 

Fig. 5. SCF measurement plan trust case - a tree composed of the argument structure, explana-
tions, a list of metrics and a list of direct measurements 
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Fig. 6. First level of decomposition. Arguing SCF effectiveness by demonstrating possibility of 
developing sound TC templates which positively influence the process of achieving the compli-
ance and increase efficiency of the assessment.  

 

Fig. 7. Argument supporting a warrant. Arguing that SCF effectiveness can be demonstrated by 
demonstrating three claims related to: development of templates, application of SCF at the 
stage of achieving the compliance, and application of SCF at the stage of assessing the compli-
ance by the detailed analysis of the SCF application process.  

In Fig. 6, it is argued that ‘Effective support for achieving and assessing the com-
pliance’ is provided because it is possible to create sound templates (represented by 
the claim ‘TC templates development’), application of the templates positively influ-
ences the resulting level of compliance (represented by the claim ‘Achieving the com-
pliance’) and the performance of assessing the compliance is significantly improved 
(represented by the claim ‘Assessing the compliance’). 

The decomposition of the argument is justified by the ‘Decomposition into SCF 
application stages’ warrant which is further refined in Fig. 7. 

The lower warrant (shown in Fig. 7) refers to the SCF application process structure 
and recalls the process diagram (through the link ‘SCF application process diagram’). 
The analysis of this process (included in the body of the warrant ‘Descriptive analysis 
of SCF application process’) explains why the structure shown in Fig. 6 is sufficient 
to assess effectiveness of SCF. 

In the same way the three claims represented in Fig. 6 were decomposed into more 
refined claims and justified by more refined arguments. Each time, appropriate war-
rants were provided constraining the scope and giving the reason for decisions. 

Finally, at a certain level of abstraction, to justify the higher-level claim it was 
enough to directly refer to measurable properties. At that level, the decomposition 
process stops. This last step is illustrated in Fig. 8. 

Each leaf of the argument structure refers to a metric. The metric represents a 
measurable value having a certain business meaning, which can be an aggregation of 
a few measurements. In this way the method supports definition of the most suitable 
metrics. Additionally, the leaves contain assertions which impose constraints on values 
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Fig. 8. Introduction of assertions in the argument structure. Demonstrating that compliance 
maintenance is facilitated by SCF because the statistics show improvement in the performance, 
and subjective opinions stated in questionnaires were positive. 

of the metrics. An assertion states that a given metric m is in a certain subset of possible 
values A as shown in (1). 

mofvaluespossibleofsubsetaisA

metricaisM

whereAM ;∈
 (1) 

For instance, in Fig. 8 the claim ‘Facilitating the compliance maintenance’ postulat-
ing that SCF facilitates the compliance maintenance is argued using performance statis-
tics and questionnaire results. The claim ‘Good questionnaire results’ is decomposed 
further giving assessment criteria for answers to particular questions (explaining what 
‘good’ means in this context). The fact ‘Good performance statistics’ is directly con-
nected with a metric. It states that dealing with a change takes less than 90% of time 
needed if SCF were not used. 

Fig. 8. also shows that at the same abstraction level it is possible to have claims 
and facts simultaneously. This gives flexibility in structuring the argumentation tree 
according to the needs.  

Finally, all the claims must be refined into assertions. The number of levels of ab-
straction is dictated by the problem itself. At the bottom of the argument structure we 
will find claims which are supported by assertions only. (See Fig. 9) 

 

Fig. 9. Claim demonstrated by assertions only. Arguing high quality of TC templates by show-
ing the statistics about mistakes and presenting results of questionnaires.  

In the example above, the claim ‘High quality TC templates’ demonstrates that the 
templates developed according to the procedures defined by SCF are of high quality. It 
is justified by the requirement that the number of mistakes reported relates to less than 
2% of requirements of the standard (represented as fact ‘No more than 2% of mistakes’) 
and the result of questionnaires used to assess the quality of templates generated 
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Fig. 10. Metrics directory 

with the help of SCF is at least 3 in the (1,..,5) scale (this is represented by fact ‘Quality 
of templates not lower than 3’). 

In the next step the assertions were used to derive metrics. All the identified met-
rics were collected as facts in the ‘Metrics Directory’ branch shown in Fig. 10. 

To provide for traceability in both directions (i.e. from assertions to metrics and 
form metrics to assertions) under every assertion an information node is added which 
contains a link to the metric used by the assertion (as in Fig. 11). 

 

Fig. 11. Binding assertions and metrics. An assertion and a link to the metric derived from the 
assertion. 

Let us consider the assertion shown in Fig. 11. It refers to a metric representing the 
per cent of mistakes in descriptions of requirements contained in templates. To  
construct such a metric we need raw data (a direct measurement). In general, a given 
metric M can be treated as a function f( ) of several direct measurements dmi as de-
scribed in (2). 

functionaisf

tmeasuremendirectaisdm

wheredmfM

i

i );(=
 (2) 

For instance, Fig. 12 gives an example metric and the related direct measurements.  
The metric representing the number of mistakes in a template can be obtained us-

ing two direct measurements: one assessing the size of a template (represented as a 
link to fact ‘Size of the template’) and another one, assessing the number of mistakes 
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Fig. 12. Binding metrics and measurements. A metric, links to the direct measurements derived 
from the assertion and definitions of the notions needed to precisely express the metric. 

in a template (represented as a link to fact ‘Number of mistakes’). Additionally, two 
links to information nodes, which contain the definitions of the notions used (the defini-
tions of ‘mistake’ and ‘template size’) were added. The list of all the direct measure-
ments is located in the branch ‘Direct Measurements Directory’ of Fig. 5. 

8   Summary 

In the paper the GAM method of systematic derivation of metrics and measurements 
from measurement goals was presented. The method was compared with GQM, one 
of the most popular methods of this type. In addition, a case study of application of 
GAM was described in detail, showing its most crucial aspects. 

Application of GAM led to satisfactory results and removed the difficulties we 
have faced while applying GQM. The method proved to be more effective while solv-
ing this particular problem. The initial investment in development of GQM tree took 
about 24 hours in each of the two iterations. By contrast, application of GAM re-
quired only 10 hours1. 

The authors are fully aware that a single case study is not enough to draw more 
general conclusions related to comparison of the two methods. However, the results 
obtained are very encouraging and GAM is ready to use together with its supporting 
tool. We are planning for more case studies to provide more evidence on effectiveness 
of the method. 

The results presented in this paper have been achieved in the context of the broader 
research program related to application of argument structures in various contexts. 
Except measurement plans, trust cases have been already applied to argue safety, 
security and privacy of e-health services and to support application of security stan-
dards. The method is supported by a matured, ready to use tool, which has already 
been used in a few projects e.g. EU 6th Framework Integrated Project PIPS and EU 6th 
Framework STREP ANGEL. The tool provides effective means of editing the argu-
mentation trees diminishing the difficulties related to maintenance, complexity and 
change management. 

                                                           
1 It is worth mentioning however, that the GQM analysis was performed by a person without 

much prior experience with the method, and the GAM method was applied by a person hav-
ing already some experience with the Trust-IT framework. 
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