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Abstract 
This paper presents a method for hand gesture recognition based on 3D point cloud. Digital image 
processing technology is used in this research. Based on the 3D point from depth camera, the sys-
tem firstly extracts some raw data of the hand. After the data segmentation and preprocessing, 
three kinds of appearance features are extracted, including the number of stretched fingers, the 
angles between fingers and the gesture region’s area distribution feature. Based on these features, 
the system implements the identification of the gestures by using decision tree method. The re-
sults of experiment demonstrate that the proposed method is pretty efficient to recognize com-
mon gestures with a high accuracy. 

 
Keywords 
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1. Introduction 
There has been a great emphasis lately on Human-Computer-Interaction (HCI) research to create easy-to-use in-
terfaces by directly employing natural communication and manipulation skills of humans [1]. As an important 
part of body, naturally, the hand is given more and more attention. Gesture recognition is a key aspect of Hu-
man-Computer-Interaction. There are countless researches focus on this advanced topic to create natural user 
interface and to improve user experiences by using simple and intuitive hand gestures for free-hand controller 
[2]. How to detect the hands, segment them from the background and recognize the gestures become great chal-
lenges. And various methods are proposed to solve those issues. 

A hierarchical method of static hand gesture recognition that combines finger detection and histogram of 
oriented gradient (HOG) features is proposed in [3]. An algorithm based on the spatial pyramid bag of features 
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is proposed to describe the hand image in [4]. But both of them are based on RGB image, which means it’s dif-
ficult to distinguish the hand from complex background. What’s more, the intensity of light seriously affects the 
recognition results. In order to avoid these drawbacks, many scholars select depth image in the research of ges-
ture recognition. Depth information has long been regarded as an essential part of successful gesture recognition 
[5]. Many researches [6]-[8] extract different features from the depth data, then various classifiers are employed 
for gesture recognition. These methods all get good effect, but they have to collect a large number of training 
samples. Based on 3D point cloud data, this paper uses geometric method for extracting the appearance features 
of gestures and classifying the given gestures. This method can obtain high gesture recognition accuracy without 
training sample. Compared with the previous methods, it’s more succinct and efficient. 

2. Proposed Gesture Recognition System 
The proposed gesture recognition system (shown in Figure 1) composed of three parts. In the first part, the 3D 
point cloud data of the hand region is gotten from depth camera (SwissRanger 4000 depth camera), then after 
threshold segmentation and gray transformation the 3D point cloud becomes a binary image. Meanwhile, some 
preprocessing on the grayscale image is necessary. In the second part, some apparent features are extracted. Fi-
nally, on the basis of the features extracted in last step the gesture can be recognized. 

 

 
Figure 1. Architecture of the proposed ges-
ture recognition system. 
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3. Hand Segmentation 
3.1. Image Collection 
In this paper, the 3D point cloud data of gesture are collected from the SwissRanger 4000 (SR4000) depth cam-
era. The SR4000 cameras are optical imaging systems which provide real time distance data at video frame rates. 
Based on the Time-of-Flight (ToF) principle, the cameras employ an integrated light source. The emitted light is 
reflected by objects in the scene and travels back to the camera, where the precise time of arrival is measured 
independently by each pixel of the image sensor, producing a per-pixel distance measurement. Finally, we can 
get the three-dimensional coordinates of each point from the camera. A typical 3D point cloud of gesture scene 
just like shown in Figure 2. In this image, the origin of the coordinate system (0, 0, 0) is at the intersection of 
the optical axis with the front face of the camera, and Figure 3 shows the camera’s output coordinate system. 

From Figure 2 we can notice that the 3D point cloud contains not only hand region but also other region. Ob-
viously, we need to extract the hand region G. G is given by (1): 

( ){ }, , ,, x yx y z zx Max MinG x y z y Max MMin in z Max< < < < < <=                     (1) 

In (1), Minx, Maxx, Minv, Maxv, Minz and Maxz are the thresholds of three coordinate directions. We set Minx = 
−150 mm, Maxx = 150 mm, Minv = −150 mm, Maxv = 150 mm, Minz = 200 mm, Maxz = 500 mm to ensure that 
the whole hand region is extracted. Next, G is transformed into a binary image. 

3.2. Image Preprocessing 
Due to the nature of the depth sensor, the hand region on the depth map may be have holes and cracks [9], which 
will seriously affect the accuracy of hand gesture. Usually the binary image always has some noisy. So image 
preprocessing is necessary, which contains filling the holes and image denoising. In other papers [10]-[12], 
some inpainting and filtering methods reach a good result. However, the methods are always so complex. We 
just employ some simple morphological operations (erosion and dilation) in our preprocessing. 
 

 
Figure 2. 3D point cloud of gesture scene. 

Once per viewer loop: 15637
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Figure 3. (x, y, z) as delivered by the camera is given in this 
coordinate system 

4. Extraction of Features 
Appearance features are important in gesture recognition. Compared to other methods of feature extraction, ap-
pearance features are more intuitional and efficient. As appearance features, the number of stretched fingers and 
the angles between fingers are used for gesture recognition in [13]. In this paper, we also choose the number of 
stretched fingers and the angles between fingers as features. Besides, the gesture region’s area distribution fea-
ture is chosen as an appearance feature, too. 

4.1. Extraction of the Central Point 
Through the erosion operations of mathematical morphology we can locate the central point C. As we all know, 
the palm is the primary part of gesture. Through continuous erosion operations, the boundary of gesture region is 
removed over and over again. And the gesture region get smaller and smaller. Eventually, only a point is left, 
which is just the central point C of the gesture region. 

4.2. Extraction of Appearance Features 
The appearance features used in this paper contain the number of stretched fingers, the angles between fingers 
and the gesture region’s area distribution feature. The following is the main steps of extraction of appearance 
features. 

1) Firstly, the maximum distance value D between the central point and the edge of the gesture region is cal- 

culated. Then we ( )n
Ddefiner n n 1,2,3 10
10

= ∗ =   which represent ten different lengths of radius. Next, choosing  

C as the centers of rhombuses and rn as the radiuses, we can draw 10 rhombuses (the innermost one is recorded 
as the first rhombus and the outermost one is recorded as the tenth rhombus), as shown in Figure 4 (In order to 
highlight the effect, the color has been transformed). 

2) From Figure 4 we can notice that every rhombus has a different number of intersections with gesture re-
gion. In order to get the number of the stretched fingers N, as a rule thumb, we choose the sixth rhombus to cal-
culate. First of all, in a clockwise direction, we record the points on the sixth rhombus whose color from blue 
change into red or from red change into blue. We define Ki as the i-th (i = 1, 2, 3···) point whose color from blue 
change into red, and Ti as the i-th point whose color from red change into blue. Obviously, the number of K or T 
is just the number of the stretched fingers N. 

3) We define Mi as the midpoint of Ki and Ti (i = 1, 2, 3···), then each midpoint Mi and the central point C can 
be connected into a line. And we can calculate each angle between adjacent lines. We use Aj (j = 1, 2, 3···i-1) to 
represent these angles. 

4) As a rule thumb, the fifth rhombus is chosen as boundary line, so the gesture region is divided into two 
parts. We define P1 to denote the first part which is inside of the fifth rhombus and define P2 to denote another 
part which is outside of the fifth rhombus. Then we calculate the ratio of P1 to P2, and we use R to represent this 
ratio. Naturally, R can be used to describe the gesture region’s area distribution feature. 

y x

zMESA
Imaging
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Figure 4. Extraction of appearance features. 

5. Gesture Recognition 
Basing on the above appearance features, we construct the decision tree for gesture recognition. In this paper, 9 
common gestures (shown in Figure 5) are employed for recognition and classification. 

Decision tree is a kind of mathematical method to classify the new data by using the decision rules, and the 
decision rules are get from training samples. The key to construct a good decision tree is to choose the proper 
logical judgment and attributes.  

In this paper, the number of stretched fingers N, the angles between fingers Aj and the ratio of different ges-
ture regions’ area R are chosen as branch node of decision tree. First of all, notice that Gesture-9 is the most 
special gesture, because it doesn’t have a stretched finger. So we can choose R as root note of the decision tree 
to distinguish Gesture-9 and other gestures in the first step. Through some training of samples, we can easily 
find that Gesture-9’s R is always greater than 0.8, and other gestures’ R always less than 0.8. So 0.8 is set as a 
threshold of R. Then, in the rest kinds of gestures, the number of stretched fingers N is an important feature. 
According to the value of N, Gesture-1, Gesture-4 and Gesture-5 can be uniquely identified. However, if N = 2, 
the gesture may be Gesture-2 or Gesture-6, if N = 3, the gesture may be Gesture-3 or Gesture-7 or Gesture-8, 
which is why we need to choose Aj as another appearance feature to distinguish them. Finally, the decision tree 
we construct is shown as Figure 6. 
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Figure 5. 9 common gestures. 

 

 
Figure 6. The decision tree. 

6. Experimental Results 
In order to validate the method proposed in this paper, we connected the SR4000 depth camera with computer to 
do a lot of experiments. The experiments were conducted to identify the 9 common gestures. A total of 2700 test 
samples from 5 people were tested under three different conditions, including under the sunlight (strong light), 
indoors with the light off (weak light) and indoors with the light on (ordinary light). Each gesture have 300 test 
samples including different light conditions. The recognition results are shown in Table 1, Table 2 and Table 3. 
In the following tables, the recognition accuracy of each gesture refer to the ratio of the number of correct rec-
ognition to the total number of recognition. And the mean accuracy refer to the mean of the recognition accuracy 
of every gesture. 
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Table 1. The recognition result (strong light). 

 G-1 G-2 G-3 G-4 G-5 G-6 G-7 G-8 G-9 

G-1 93 0 0 0 0 0 0 0 0 

G-2 0 98 0 0 0 0 0 0 0 

G-3 0 0 91 1 0 0 5 6 0 

G-4 0 0 0 92 2 0 0 0 0 

G-5 0 0 0 5 97 0 0 0 0 

G-6 1 2 0 0 0 100 0 0 0 

G-7 0 0 4 0 1 0 89 0 0 

G-8 0 0 5 2 0 0 6 90 0 

G-9 6 0 0 0 0 0 0 4 100 

Total 100 100 100 100 100 100 100 100 100 

Recognition Accuracy (%) 93.0 98.0 91.0 92.0 97.0 100.0 89.0 90.0 100.0 

Mean Accuracy (%) 94.4 - - - - - - - - 

 
Table 2. The recognition result (weak light). 

 G-1 G-2 G-3 G-4 G-5 G-6 G-7 G-8 G-9 

G-1 94 0 0 0 0 0 0 0 0 

G-2 1 97 0 0 0 1 0 0 0 

G-3 0 1 93 0 0 0 3 3 0 

G-4 0 0 0 93 1 0 0 0 0 

G-5 0 0 0 4 96 0 0 0 0 

G-6 1 2 0 0 0 99 0 0 0 

G-7 0 0 3 2 3 0 90 0 0 

G-8 0 0 4 1 0 0 7 94 0 

G-9 4 0 0 0 0 0 0 3 100 

Total 100 100 100 100 100 100 100 100 100 

Recognition Accuracy (%) 94.0 97.0 93.0 93.0 96.0 99.0 90.0 94.0 100.0 

Mean Accuracy (%) 95.1 - - - - - - - - 

 
Table 3. The recognition result (ordinary light). 

 G-1 G-2 G-3 G-4 G-5 G-6 G-7 G-8 G-9 

G-1 95 1 0 0 0 0 0 0 1 

G-2 3 96 2 0 0 2 0 0 0 

G-3 0 2 90 0 1 0 4 4 0 

G-4 0 0 1 94 1 0 0 0 0 

G-5 0 0 0 3 95 0 0 0 0 

G-6 1 1 0 0 0 98 0 0 0 

G-7 0 0 5 1 3 0 91 0 0 

G-8 0 0 2 2 0 0 5 93 0 

G-9 1 0 0 0 0 0 0 3 99 

Total 100 100 100 100 100 100 100 100 100 

Recognition Accuracy (%) 95.0 96.0 90.0 94.0 95.0 98.0 91.0 93.0 99.0 

Mean Accuracy (%) 94.6         
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Table 4. The running time of gesture recognition. 

Gesture G-1 G-2 G-3 G-4 G-5 G-6 G-7 G-8 G-9 
Mean Running Time 

(ms) 15.5 15.8 15.7 15.6 15.5 15.6 15.7 15.8 15.2 

 
Table 5. Comparative results of the methods in [9], [14] and the proposed method. 

Method Mean Accuracy Running Time (s) 

Convex Shape Decomposition Method in [9] 91.9% 0.026 

Thresholding Decomposition + FEMD in [14] 90.6% 0.5004 

Near-convex Decomposition + FEMD in [14] 93.9% 4.0012 

Proposed Method 94.7% 0.0156 

 
From Table 1, Table 2 and Table 3 we can notice that the method proposed in this paper has a high recogni-

tion accuracy, especially in Gesture-2, Gesture-6 and Gesture-9. The recognition accuracy of Gesture-3, Ges-
ture-7 and Gesture-8 is slightly lower than other gestures, which result from the great difference of the expres-
sion of gestures. As a whole, the mean recognition accuracy reach 94.7%, which prove the effectiveness of this 
method. Meanwhile, another advantage of this method is that the recognition accuracy isn’t impacted by light 
intensity. It can work well in strong light or weak light environment, even in the darkness. In addition, from Ta-
ble 4 we can find that the proposed method has extremely short running time. Almost every recognition can be 
completed within 16ms, in other word, the gesture recognition speed can reach about 60 frames per second, 
which can completely meet the needs of real-time application. The efficient recognition process ensures that it 
can be used in real-time situation.  

We also compare the proposed system with the previous work. The recognition methods proposed in [14] are 
geometry-based. Two methods in that paper can’t balance accuracy and running time well. And the convex 
shape decomposition method is employ in [9]. Although the running time get great improvement, the accuracy 
isn’t so satisfying. However, compared with these methods, both the mean accuracy and the running time in our 
method can reach a pretty good effect. Experiments demonstrate our method is much more efficient for real-time 
applications, which is shown in Table 5. 

7. Conclusion 
Gesture recognition has a wide range of applications in Human-Computer-Interaction. This paper proposes an 
efficient and succinct method for gesture recognition, which takes advantages of 3D point cloud data. The 3D 
point cloud data is collected from depth camera, then it is transformed into binary image. Basing on binary im-
age, three different appearance features are extracted, including the number of stretched fingers, the angles be-
tween fingers as features and the gesture region’s area distribution feature. Finally, the decision tree is con-
structed for gesture recognition. Extensive experimental results demonstrate accuracy and robustness of the me-
thod proposed in this paper. As a result, this method can play a role in the application of real-time gesture rec-
ognition. 
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Abstract 
The quality of the software product is a crucial factor that contributes to its success. Therefore, it 
is important to specify the right software quality requirements that will establish the basis for 
desired quality of the final system/software product. There are several known methodologies/ 
processes that support the specification of the system/software functional requirements starting 
from the user needs to finally obtain the system requirements that the developers can implement 
through their development process. System/software quality requirements are interdependent 
with functional requirements, which means that the system/software quality requirements are 
meant to be specified in parallel with the latter. The ISO/IEC 25000 [1] SQuaRE series of standards 
include the standard ISO/IEC 25030—Software engineering—Software Quality Requirements and 
Evaluation—Quality requirements [2], which has as main goal to help specify software quality 
requirements. As to date, this standard does not offer clear and concise steps that a software 
quality engineer could follow in order to specify them. This article presents modifications recom- 
mended for ISO/IEC 25030 standard, with, among the others, a new requirements definition pro- 
cess that allows for specifying the system/software quality requirements taking into account the 
existing published system and software quality model ISO/IEC 25010 [3] as well as all the stake- 
holders of the project. 

 
Keywords 
System/Software Quality, System/Software Quality Requirements, Software Quality Engineer, 
Specification Process, ISO/IEC 25030, ISO/IEC 25000 SQuaRE 
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1. Introduction 
Usually the popularity of a system or software is characterized by the set of functionalities it offers and its 
quality attributes such as, for example, performance, level of security or usability. In order to achieve this goal, 
in each step of the life cycle of a system or a software product the quality should be considered and actively 
implemented. To help IT industry in this effort the ISO/IEC Joint Technical Committee 1 (JTC1) Subcommittee 
7 (SC7) has developed the series of quality-dedicated standards known as ISO/IEC 25000 SQuaRE [1], with 
ISO/IEC 25030 [2]—Software engineering—Software product Quality Requirements and Evaluation (SquaRE)— 
Quality requirements in a prominent place. 

However, as ISO/IEC 25030, which should describe the process helping to specify the system/software 
quality requirements, in its actual form is not exhaustive enough to fulfill its basic objective of applicability in 
real projects, it would benefit from some modifications. 

In this paper the authors analyze the actual content of the standard, propose modifications and identify several 
possible improvements, which, when applied, would render the standard more useful to the IT industry.  

The rest of the paper is organized as follows: Section 2 describes the methodology of the presented research. 
Section 3 discusses the proposed modifications to the new version of the standard and particularly the new 
process to specify the software quality requirements. Section 4 presents the conclusion and outlines the possible 
continuation of this research. Finally, Section 5 presents the table of contents of the new standard.  

2. Methodology 
In its actual apprach to quality, the industry recognizes its importance in developing software products, thus, the 
quality must be present throughout the life cycle of a software product. That is the reason for the development of 
SQuaRE standards-System and Software Quality Requirements and Evaluation (SQuaRE).  

The standards ISO/IEC 25010—System and software quality models [3] and ISO/IEC 25020—Measurement 
reference model and guide [4] are included in this series. ISO/IEC 25010 presents the software quality models 
containing the characteristics and sub-characteristics for software quality in use and software product quality. It 
provides the description of these models: 

1) A quality in use model composed of five characteristics (some of which are further subdivided into 
subcharacteristics) that relate to the outcome of interaction when a product is used in a particular context of use. 
This system model is applicable to the complete human-computer system, including both computer systems in 
use and software products in use. 

2) A product quality model composed of eight characteristics (which are further subdivided into subchar- 
acteristics) that relate to static properties of software and dynamic properties of the computer system. The model 
is applicable to both computer systems and software products. 

The standard ISO/IEC 25030 uses ISO/IEC 25010 to define the software quality requirements.  
The standard ISO/IEC 25020 provides a reference model for the measures and a guide to use them with the 

characteristics defined in the ISO/IEC 25010 quality model. Indeed, it presents introductory explanation and a 
reference model that is common to quality measure elements, measures of software product quality and quality 
in use. It also provides guidance to users for selecting or developing, and applying measures and it contains 
informative annexes addressing the following topics: criteria for selecting software quality measures and quality 
measure elements, demonstrating predictive validity and assessing measurement reliability, and an example 
format for documenting software quality measures.  

The standard ISO/IEC 25030 uses the standard ISO/IEC 25020 to define which mesures should be adopted 
for each characteristic and subcharacteristic identified in the standard ISO/IEC 25010 in otder to specify the 
software quality requirements. 

The main objective of this research project was to analyze the ISO/IEC 25030 standard and propose the 
modifications to make it more explicit by providing clear, easy to follow steps helping to define the system or 
software quality requirements. The additional objective was to ensure that the new version of the standard can 
be understood by the different stakeholders of a software development process and that it fits properly within the 
ISO 25000 SQuaRE series of standards. 

The standard ISO/IEC 25030 is the only ISO standard dedicated to specifying the system/software quality 
requirements, however, in its actual version the standard does not fulfill its main objective, as there is no process 
or method available to the readers allowing them to effectively identify and define quality requirements in real 



K. Mou Kui et al. 
 

 
114 

projects. 
The methodology used in this research is built of the following steps: 
1) First round of analysis based only on the standard ISO 25030: 
a) Identification of the elements to be preserved, reformulated, added or removed. 
b) Provide for each of the elements found a justification and an explanation of the change to be made. 
2) Second round of analysis taking into account interrelations with other standards of the 25000 series: 
a) Analysis the other standards and identification the points of convergence with ISO 25030 
b) Analysis of the application and applicability of these standards 
c) Refine the results of the first round of ISO 25030 analysis. 
3) Development of an ISO 25030-dedicated and precise process applying other relevant ISO 25000 series 

standards that a software engineer can use in order to specify the software quality requirements of a product. 
4) Review and propose a new structure of ISO/IEC 25030 standard. 
5) Propose a new version of the standard ISO/IEC 25030 document. 
At the same time, the modified version of the standard should still fit into ISO 25000 SQuaRE series being 

also elaborated enough to be applicable in different software projects. Finally, the process of specifying system/ 
software quality requirements should meet the needs of all involved stakeholders. 

3. Proposed Modifications 
This section presents the analysis of the standard and the resulting proposed modifications, where each modif- 
ication is matched with the corresponding part in the current standard. 

It is also important to clarify that this article discusses only the content of the modifications to relevant 
sections of the ISO 25030 standard, not their linguistic form (the language of ISO standards is specific and does 
not make a part of the presented research). 

3.1. Structure of the Standard 
The actual structure of the standard lacks a subclause that describes basic concepts used in quality requirements 
definition knowledge area and the clause dedicated to the process for identifying and defining quality requir- 
ements. 

The most notable changes in the structure of the standard would be: 
 The addition of several subclauses in Clause 5 “Fundamental concepts for quality requirements”. As the 

result this clause should provide general but complete set of concepts and/or references applicable in system/ 
software quality requirements definition and quality measurement knowledge area. It should enable the 
readers unfamiliar with the subject of software quality to better understand the relationship between system/ 
software quality and the identification and definition of quality requirements. 

 The addition of a separate clause presenting the process of specifying quality requirements. 
See Section 5 for the proposed structure of the modified version of the standard. 

3.2. Modifications of Clause 5 Fundamental Concepts for Quality Requirements 
The following sections contain the additions or modifications of the content of the clause with only some effort 
of keeping the specificity of ISO language and terms. If the proposed recommendations are accepted by ISO/ 
IEC JTC1 SC7, their language will be revised by the ISO editors before implementation. 

3.2.1. New Subclause in Clause 5—Software Quality Engineer 
It is recommended that the standard define the role of software quality engineer and the expertise he/she should 
have in order to correctly conduct the specification of software quality requirements. The proposed new subcl- 
ause “Software quality engineer” describes the role of the software quality engineer and its (role’s) importance 
in the specification of software quality requirements.  

Proposed new text 
The full process of creating a system or a software product requires the intervention of several different 

specialists, like business analysts, architects, developers or testers. The process of engineering the quality into 
this product requires a singular role, a software quality engineer. The role of the software quality engineer is 
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crucial to achieving the level of quality of the final product specified in the contract with the customer.  
Considering that the software quality engineer should be effective throughout the whole product development 

cycle, he/she should have the expertise allowing for participation in all relevant activities of the cycle (like 
analysis, design, development and testing). 

In order to make this task less complex, it may be useful to separate the required expertise into two areas: 
specifying system/software quality requirements and the implementation of these requirements. 

The first area would require a specialist who should be responsible for identifying and defining the customer’s 
needs and translating them into precise and doable system/software quality requirements. The responsibility of 
such a specialist would also cover negotiating quality-related parts of contracts and the analysis and design of 
system/software quality requirements. 

The second area would cover: 
 translating system/software quality requirements into engineering “to-dos”, an equivalent of system/ 

software requirements specification and communicating them to the development team, 
 cooperating with developers in order to facilitate the application of required quality-related engineering 

activities, and  
 cooperating with testers in verifying (measuring and evaluating) the actual level of achieved quality against 

the earlier defined requirements. 
Considering the fact that the specialist responsible for this area should be able to collaborate with the 

developers and the testers, it would be preferable that he/she be sufficiently familiar with development and test 
techniques and technologies. 

3.2.2. Modifications to Subclause 5.2—Stakeholders and Stakeholder Requirements 
The proposed new subclause “Categories of stakeholders” in Subclause 5.2 “Stakeholders and stakeholder 
requirements” explains the importance of the categorization of stakeholders in the specification of quality 
requirements. Such a clause would help the quality engineer identify more easily the key persons of the project 
and get them involved in the process of specifying quality requirements. 

Proposed new text 
Considering the stakeholders of a project, it may be useful to categorize them to help the quality engineer 

identify more easily the key persons of the project, their influences on it or their specific interests in it. 
One possible categorization would be to define two big categories of stakeholders: customer and supplier. 
The first category (customer) can be decomposed into three sub-categories as defined in Clause 3.6 of ISO 

25010. 
The second category represents the entire development team. The quality engineer should work closely with 

its major stakeholder subcategories in each of the stages of the product development process (like analyst, 
architect, developer and tester). 

The reason for such additional categorization comes from the fact that even within the development team the 
internal subcategories of stakeholders may have different objectives and views on the developed product. 

3.2.3. Modifications to Subclause 5.4—Software Quality Model 
The standard shall not only explicitly state the importance of using the models defined in the standards ISO/IEC 
25010 and ISO/IEC 25020 [4] in the process of system/specifying quality requirements, but, more importantly, 
it should demonstrate how these models can be used as part of the process. 

Proposed new text 
The quality of a system or software is the result of the quality of its elements and their interaction. This 

International Standard focus on the quality of both the software and the system. System/software quality is the 
capability of the product to satisfy stated and implied needs when used under specified conditions. 

The system/software product quality model provided in ISO/IEC 25010 defines the characteristics and the 
sub-characteristics, which “cover all quality aspects of interest for most system/software products and as such 
can be used as a checklist for ensuring a complete coverage of quality”. (ISO/IEC 25010). 

The quality model defines three different views of quality: 
 System/software quality in use. 
 External/dynamic system/software quality. 
 Internal/static system/software quality. 
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The quality in use view is related to the application of the system/software in its operational environment for 
carrying out specific tasks by specific users. External/dynamic quality provides a black box view of the system/ 
software and addresses properties related to its execution on computer hardware and applied operating system. 
Internal/static quality provides a white box view of system/software and addresses its properties that typically 
are available during the development. 

Note: See ISO/IEC 25010 [3] for more information about the quality models. 
The quality model serves as a framework to ensure that all aspects of quality are considered from the internal/ 

static, external/dynamic, and quality in use points of view. 
The quality characteristics and sub-characteristics defined in the ISO 25010 quality model should be used as 

the basic tool to specify system/software quality. Once the quality engineer has specified and validated with the 
customer all the quality requirements, he/she may produce the personalized quality model of the product. 

Note: Personalized quality model contains only those quality characteristics and sub-characteristics that apply 
to a given system/software product for its intended context of use. 

3.2.4. Modifications to Subclause 5.6—Software Quality Measurement Model 
The small modification to subclause 5.6 has as an objective to indicate to the user the basic source of measu- 
rement-related information within ISO 25000 series. 

Proposed new text 
The standard ISO/IEC 25020 represents the general guide of the measurement models associated to the 

quality models defined in the standard ISO/IEC 25010. 
Note: See ISO/IEC 25020 for more information about the guide of the measurement models.  

3.2.5. Modifications to Subclause 5.9—Quality Requirements Life Cycle Model 
The proposed modifications to Subclause 5.9 Quality requirements life cycle model, have as an objective to 
explain in which phase of the life cycle of system/software development the specification of quality requir- 
ements takes place and describes the different types of quality requirements that are relevant to each phase. 

Proposed new text 
Quality in use requirements are typically derived from stakeholder requirements such as 1) business requir- 

ements (company policy, competitors, etc.); 2) functional requirements; and 3) application domain specific 
requirements. 

Quality in use requirements are normally used for system/software validation (is the software fit for its 
intended purpose?). Typically quality in use requirements are obtained in the first phase of analysis (requir- 
ements gathering and analysis) of the life cycle of the system/software product. The specification process 
presented in clause “N” provides the steps to follow in order to obtain the system/software quality requirements 
during this phase. 

Note: The process defined in clause “N” helps obtain a majority of quality in use requirements, some of the 
external requirements and sometimes (rarely) internal requirements.  

Note 2: As the recommended changes to the original text of ISO 25030 may influence its structure, “N” 
indicates the number of the new clause without imposing its physical position within this structure. 

External/dynamic system/software quality requirements are typically derived from a number of sources 
including 1) stakeholder requirements; 2) legal requirements; 3) standards and guidelines for the relevant 
application; 4) quality in use requirements; 5) functional requirements; 6) application domain specific require- 
ments; and 7) security requirements, which may be derived from risk analysis. External/dynamic system/ 
software quality requirements are used for software validation and verification (is the software built according to 
specifications?). External/dynamic system/software quality requirements should be completely specified in the 
design phase, where the architecture of the system is obtained. The collaboration with the architect allows the 
quality engineer to check if the external/dynamic requirements obtained to support quality in userequirements 
are feasible and complete. In practice, quality in use requirements do not translate semi-automatically to 
external/dynamic quality requirements through the shared model (like it is in case of external and internal 
quality) but rather through the analysis of technical, technological or budgetary constraints. Additionally, the 
architecture of the system obtained in this phase may demonstrate that some external/dynamic requirements are 
incomplete and should be reviewed with the customer. Thus, at the end of this phase, the quality engineer should 
obtain a comprehensive list of external/dynamic system/software quality requirements that are feasible and 
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complete. 
Internal/static system/software quality requirements are typically derived from a number of sources including 

1) external/dynamic system/software quality requirements; 2) company policy; 3) development policy and 
limitations; 4) best practice guidelines and 5) rarely from quality in use requirements. Internal/static system/ 
software quality requirements are normally used for quality monitoring and control during development. These 
requirements are more easily obtained from external/dynamic quality requirements because they share the same 
quality of models (product quality model). However, they may still remain incomplete and it is only at the 
beginning of the implementation phase that the software quality engineer in collaboration with the developer can 
verify and complete the list of internal/static requirements that are feasible. 

3.3. New Process to Specify Software Quality Requirements 
This section presents the dedicated process of specifying quality requirements intended to be followed by the 
software quality engineer. Following the steps (see Figure 1) of this process, the quality engineer will be able to 
specify a complete set of quality requirements beginning with the quality needs of the stakeholders. 

The process to specify software quality requirements includes 3 phases: 
1) Phase 1—Define the project context. 
During this phase, the software quality engineer should identify the characteristics and constraints related to 

the project. The domain of the project will have a considerable influence on its characteristics. For example, the  
 

 
Figure 1. Process of specifying software quality requirements. 
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security will represent a main aspect of the project for life-critical systems. In addition, the software engineer 
shall identify the constraints of the project as the time or the budget allocated to it. Finally, he should identify all 
the stakeholders involved in the project.  

2) Phase 2—Specify software quality requirements for each stakeholder. 
Once the general context of the project is identified, the software engineer shall iterate with each identified 

stakeholder in order to specify his software quality requirements. As a result of this phase, he should be able to 
specify an exhaustive list of quality requirements related to each stakeholder. 

3) Phase 3—Integrate the complete list of software quality requirements. 
During this phase, the software engineer should resolve the conflicts that may exist among the different 

stakeholders’ quality requirements. After that, he should set the priority of the resulting list of quality requir- 
ements. Finally, this list should be validated with the stakeholders of the project. As a final result, the software 
quality engineer should produce a complete set of software quality requirements and a personalized quality 
model. 

Note: It is possible that the software engineer goes back to the previous phase in order to resolve some 
conflicts between quality requirements. 

In the process described above and discussed more in detail further in the article, the software quality 
engineer should use the models and tools provided by the standards ISO/IEC 25010 and ISO/IEC 25020 in order 
to execute its different steps of this process and specify the software quality requirements. For each step, the 
input and the output are clearly specified and the characteristics of each step of this process are specified in more 
details. 

Note: This process is proposed to be used to specify the quality in use, external and internal software quality 
requirements. As for the data quality requirements, the software quality engineer should check the standards 
ISO/IEC 25012 [5] and ISO/IEC 25024 [6]. 

Phase 1—Define the project context (see Figure 2) 
Step 1.1 List the general assumptions of the project 
Input: None. 
Output: General assumptions. 
The first step of this phase is to consider the following assumptions in the specific context of the project: 
 The customer is a specialist in his area of business. 
 The customer may not be familiar with the concepts of software quality. 
 The software quality engineer is specialized in the specification of software quality requirements and may 

not be expert in the area of business of the customer. 
 Any other necessary assumption from the perspective of software quality that is relevant to the project. 

The software quality engineer should consider all the above factors before starting the process and should 
adapt to them in order to adequately specify the right software quality requirements. The process of specifying 
software quality requirements is based on the determination of the quality needs that support the business needs 
of the different stakeholders identified. The better the software quality engineer elicit the necessary assumptions 

 

 
Figure 2. Process to define the project context 
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of the project the better he can collaborate with the customer and define the quality needs of the different 
stakeholders. 

Step 1.2 Study the domain of the project 
Input: General assumptions. 
Output: Characteristics of the project domain. 
This step is essentially used to obtain a better understanding of the project domain and the general context in 

which the software product will have to be deployed. It allows the software quality engineer to gain more 
expertise in the project domain and to better understand the customer’s business needs. In addition, this step is 
essential to determine the feasibility of the various aspects of the project as it gives a clear picture of the 
resources (financial, capital and technology infrastructure) and skills (staff and knowledge) necessary to achieve 
the software quality required by the customer. 

The execution of this step will allow the engineer to better understand the different aspects of the area in 
which the project will occur and to facilitate the communication with the client and the different stakeholders, 
which is essential to specify the software quality requirements. 

In order to get a proper comprehension of the domain, the engineer should use the international standards that 
exist in that specific domain. 

Step 1.3 Specify the constraints of the project 
Input: Characteristics of the project domain. 
Output: Constraints. 
During this step, the software quality engineer should use his understanding of the project domain in order to 

specify the constraints of the project. This step should involve all the relevant stakeholders of the project. 
This step is used to define three main types of constraints: 
 Budget constraints: budget constraints will depend essentially on the financial resources allocated for the 

purpose of the quality of the software product. 
 Technical constraints: the technical constraints are initially stated by the development team. Moreover, in the 

case where the customer has to perform the software maintenance after its deployment, it is important to 
involve his technical team in this step. In addition, the technical infrastructure of the customer’s environment 
will necessarily impose some technical limits to the development team. 

 Organizational constraints: these constraints are defined primarily by discussing with the client. He provides 
the information on the structure of his company and the various interactions that exist within the company. 

Finally, the software quality engineer may identify other types of constraints that are relevant to a specific 
project with the help of the customer or the development team. The complete list of constraints is decisive to 
evaluate the feasibility of software quality requirements specified by the engineer. The engineer should use the 
data that is available from previous projects so that he does not miss a crucial point at this stage. 

Step 1.4 List all the stakeholders 
Input: Characteristics of the project domain, constraints. 
Output: List of stakeholders. 
The final step of the first phase of the process will be useful to establish the list of the stakeholders of the 

project. Once the software quality engineer has a better understanding of the project and its constraints, it is very 
important to specify all stakeholders from both sides: the customer and the supplier. In fact, if the engineer 
leaves any relevant stakeholder unidentified, it may negatively impact the quality of the final software product, 
which in turn may eventually not meet all the quality needs of the customer. The engineer should conduct 
interviews with the different stakeholders that he identifies to get a better idea of their involvement in the project 
and to ensure that he does not miss a category of stakeholders. 

Phase 2—Specify software quality requirements of each stakeholder (see Figure 3) 
The purpose of this phase is to specify the software quality requirements of each stakeholder identified in the 

previous phase. The first steps in this phase will extract the quality needs of each stakeholder. Subsequently, 
these needs will be used in the process of specifying software quality requirements and the measures. Finally, all 
the requirements of each stakeholder will be analyzed to resolve conflicts, to perform a risk analysis and to 
validate them with each stakeholder. 

Therefore, the steps of this phase (2.1 to 2.7) shall be performed individually for each stakeholder determined 
in the previous phase of the process. 
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Figure 3. Process to specify software quality requirements for each stakeholder. 

 
Step 2.1 Determine the context of use of the software product 
Input: List of stakeholders, Characteristics of the project domain. 
Output: Context of use. 
This first step should be executed in collaboration with the stakeholder. To properly execute this step, the 

software quality engineer should determine: 
 The goal that the user wants to achieve through the use of this software. 
 The tasks that the user will perform in order to achieve his goal. 
 The environment of use: technical, physical and organizational. 

The context of use of the stakeholder can help the software quality engineer to determine his quality needs 
later in the process. In order to define the context of use, the software quality engineer may use different 
techniques that allow him to obtain this information, for example: 
 survey; 
 observation; 
 interview; 
 any other required tools. 

It is possible to combine several techniques in order to obtain more information and have a stronger basis for 
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specifying software quality requirements. 
Finally, the software quality engineer may use standard ISO/IEC 25063 [7] to document the context of use of 

each stakeholder to ensure the traceability and to adopt a common industrial format. 
Step 2.2 Extract quality needs 
Input: Context of use. 
Output: Quality needs. 
The software quality engineer should use the information obtained from the context of use for each stakeh- 

older in order to identify his quality needs. The stakeholder’s context of use should provide a clear idea of his 
software quality needs and also limit the scope of these needs. Therefore, in collaboration with the stakeholder, 
the engineer should list all his quality needs and validate them with the stakeholder to ensure that they represent 
the real needs.  

The engineer shall document all the software quality needs in a format that allows him to easily trace them to 
the different stakeholders. 

Step 2.3 Associate each quality need to the business need it supports 
Input: Quality needs. 
Output: Quality needs associated with their respective business needs. 
This step is not necessarily decisive for the conduct of the rest of the process but it is fundamental in order to 

justify the software quality requirements that will be identified. A direct relationship between each quality need 
and its business need allows the software quality engineer to justify its relative importance. Once this step is 
completed, the software quality engineer should be able to initiate the next step, which will allow him to specify 
the software quality requirements for each stakeholder using the earlier defined software quality needs. 

Step 2.4 Specify and decompose software quality requirements 
Input: Quality needs associated with their respective business needs, Context of use. 
Output: Quality in use, external and internal software quality requirements. 
This part of the process is in itself a sub-process that will allow the software quality engineer to specify 

software quality requirements based on software quality needs of the stakeholder, starting with the quality in use 
requirements. In addition, the engineer should specify the measures for each identified software quality requir- 
ement (Figure 4). 

Note: This process is executed for each quality need of the stakeholder 
Step 2.4.1 Define quality in use characteristics  
Input: Quality need, Context of use, Quality in use model ISO/IEC 25010. 
 

 
Figure 4. Process to specify and decompose software quality requirements. 
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Output: Quality in use characteristics. 
During this step, the software quality engineer should consider the identified software quality need and the 

context of use of the stakeholder. In this step the engineer should use the quality in use model defined in the 
standard ISO/IEC 25010 to identify the characteristics that can meet the quality need of the stakeholder. 

These quality characteristics represent the basis to specify the measures that will be used. The standard ISO/ 
IEC 25010 provides some recommendations and examples of the use of the quality model. 

Step 2.4.2 Specify quality in use measures using ISO/IEC 25022 [8] 
Input: Quality in use characteristics. 
Output: Quality in use requirements and the measures. 
To perform this step, the software quality engineer should consider all the quality characteristics that he 

identified in the previous step. Each characteristic is built upon measure(s) defined in the standard ISO/IEC 
25022 and the engineer should review all the characteristics and assign the measures that correspond to them. 

As indicated in the standard ISO/IEC 25040 [9], the software quality engineer may specify the criteria for 
validating the software quality requirement if he has in his possession the necessary information to do so. 

Step 2.4.3 Determine the feasibility of the quality in use requirements  
Input: Quality in use requirement and the measures. 
Output: Quality in use requirement doable. 
This step allows for checking whether the quality in use requirement is feasible or not. The feasibility should 

be determined in collaboration with the technical team of the provider because the software quality engineer 
may not have all the necessary knowledge to make such a decision. The quality engineer should consider the 
advice of the development team in order to make his decision on the feasibility of the software quality requir- 
ement. Every feasible requirement should be used in the next step. 

Step 2.4.4 Define external/dynamic quality characteristics  
Input: Quality need, Context of use, Product quality model ISO/IEC 25010, feasible Quality in use requir- 

ements. 
Output: External quality characteristics. 
During this step, the software quality engineer should consider the software quality needs, the context of use 

of the stakeholder and the quality in use requirements he specified in the previous step. The engineer should use 
the product quality model defined in the standard ISO/IEC 25010 to identify the external (or dynamic) charact- 
eristics that meet the quality needs of the stakeholder. In addition, the engineer should verify that these 
characteristics allow achieving the quality in use characteristic specified earlier. 

These external quality characteristics are the basis to specify the measures that will be used for quality 
verification purposes. The standard ISO/IEC 25010 provides some recommendations and examples of the use of 
the quality model. The engineer should be able to specify some of the external quality characteristics at this 
phase. The rest of the characteristics could be identified during the design of the software product. 

Step 2.4.5 Specify external/dynamic quality measures using ISO/IEC 25023  
Input: External quality characteristics 
Output: External quality requirement and the measures  
To perform this step, the software quality engineer should consider all the external quality characteristics that 

he identified in the previous step. Each characteristic corresponds to set of measures defined in the standard 
ISO/IEC 25023 [10]. The quality engineer should review all the characteristics and assign the measures that 
correspond to them. 

As indicated in the standard ISO/IEC 25040, the software quality engineer may specify the criteria for 
validating the software quality requirement if he has in his possession the necessary information to do so. 

Step 2.4.6 Determine the feasibility of the external/dynamic quality requirements  
Input: External quality requirement  
Output: External quality requirement feasible 
This step allows the quality engineer to check whether the external quality requirement is feasible or not. The 

feasibility should be determined in collaboration with the technical team of the provider because the software 
quality engineer may not have all the necessary knowledge to make such a decision. The quality engineer should 
consider the advice of the development team in order to make his decision on the feasibility of the software 
quality requirement. Every feasible requirement should be used in the next step. 

Step 2.4.7 Define internal/static quality characteristics  
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Input: Quality model 25010, External quality requirement associated with the measures 
Output: Internal quality requirement 
During this step, the software quality engineer should consider the external quality requirement he specified 

in the previous step. The quality engineer should use the product quality model defined in the standard ISO/IEC 
25010 to identify the internal (or static) characteristics that allow achieving the external quality characteristics 
specified earlier.  

These internal quality characteristics are the basis to specify the measures that will be used. The software 
quality engineer should consider all the internal quality characteristics of the model. The standard ISO/IEC 
25010 provides some recommendations and examples of the use of the quality model. 

The engineer should be able to specify a few of the internal quality characteristics in this step. He should be 
able to specify them completely during the phase of the construction of the software product.  

Step 2.4.8 Specify internal/static quality measures using ISO/IEC 25023  
Input: Internal quality characteristics  
Output: Internal quality requirement and the measures 
In order to perform this step, the software quality engineer should consider all the internal/static quality 

characteristics that he identified in the previous step. Each characteristic corresponds to a set of measures 
defined in the standard ISO/IEC 25023. The engineer should review all the characteristics and assign the 
measures that correspond to them. 

As indicated in the standard ISO/IEC 25040, the software quality engineer may specify the criteria for 
validating the software quality requirement if he has in his possession the necessary information to do so. 

Step 2.4.9 Determine the feasibility of the internal quality requirement  
Input: Internal quality requirement and the measures 
Output: Internal quality requirement doable 
This step allows the quality engineer to check whether the internal quality requirement is feasible or not. The 

feasibility should be determined in collaboration with the technical team of the provider because the software 
quality engineer may not have all the necessary knowledge to make such a decision. The quality engineer should 
consider the advice of the development team in order to make his decision on the feasibility of the software 
quality requirement. 

Step 2.5 Requirements conflicts resolution 
Input: Quality in use, external and internal software quality requirements 
Output: Software quality requirements with no conflicts 
Once the software quality engineer has finished specifying the software quality requirements of a given 

stakeholder, he should resolve the conflicts that may exist among these different requirements. For example, 
there may be a requirement that specifies some degree of performance that is in conflict with a requirement of 
reliability. 

In such cases the engineer should work closely with the stakeholder to find the resolution of the conflict. The 
engineer should also consider the conflicts that may exist among the requirements at the technical level. In those 
cases, to find the resolution of the conflict the engineer should collaborate with the development team. 

Once this step is completed, the software quality engineer should produce a list of software quality requir- 
ements without conflicts for a given stakeholder. This step should be repeated for every identified stakeholder. 

Step 2.6 Risk analysis of the software quality requirements 
Input: Software quality requirements with no conflicts 
Output: A risk analysis of every software quality requirement 
For this step, the software quality engineer should perform a risk analysis of each software quality requir- 

ement. This task requires close co-operation with the stakeholder in order to identify business risks that are 
specific to each requirement of software quality. The objective is to determine the possible consequences if a 
given quality requirement is ignored or, what will be the cost of missing quality. 

In addition, the engineer should collaborate with the supplier to specify the technical risks that are specific to 
all previously identified software quality requirements. 

This risk analysis will be essential to assign the priorities to the requirements later in the process. 
Note: It is possible to return to the previous step 2.5 to resolve some conflicts between software quality 

requirements. 
Step 2.7 Verification and validation of software quality requirements with the stakeholder 
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Input: Software quality requirements with no conflicts, a risk analysis of every software quality requirement 
Output: Quality requirements verified and validated with the stakeholder 
This is the final step of this phase that provides a list of software quality requirements verified and validated 

by the stakeholder. At the end of this process, the software quality engineer should produce an accepted list of 
software quality requirements that meet the identified needs of the stakeholder (Figure 5). 

Note: It is possible to return to the previous step (2.6) to review the risk analysis of some requirements. It is 
also possible to go back to step 2.4 to review a given software quality requirement in particular. 

Phase 3—Integrate the complete list of software quality requirements 
This phase is the last of the proposed new process and is performed once the software quality engineer has 

finished specifying all the software quality requirements of all stakeholders. This phase should help: 
 globally resolve the conflicts among all the software quality requirements; 
 globally prioritize the full set of identified software quality requirements; 
 globally verify and validate the complete list of software quality requirements with all the stakeholders; 
 produce the personalized software quality model of the project. 

Step 3.1 Conflict resolution of all software quality requirements 
Input: The complete set of software quality requirements 
Output: Software quality requirements with no conflicts 
During this step, the software quality engineer should consider all the software quality requirements of all the 

stakeholders he identified during the process. In order to complete this step, the engineer should work closely 
with the customer and the development team. To solve the possible conflicts the engineer may need the help 
from the customer who ultimately can decide what are the most important requirements for him, which may 
eliminate a significant number of conflicts. Besides that, other conflicts may affect the technical feasibility of 
the software quality requirements, what may require the collaboration with the software supplier team in order to 
find the right solutions to these conflicts. 

Step 3.2 Set the priority of each software quality requirement 
Input: Software quality requirements with no conflicts 
Output: Software quality requirements with their respective priorities 
In this step the software quality engineer should assign a priority to each software quality requirement that he 

specified. These priorities will be crucial for the development team in course of the project, to, for instance, 
adjust the implementation plan of the various requirements or correctly allocate the necessary resources to 
achieve their goals. 

The software quality engineer should work with the customer and the development team to prioritize software 
quality requirements what would be helpful to reduce and control the risks that could affect the quality of the 
final software product.  

 

 
Figure 5. Process to integrate the complete list of software quality requirements. 
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Note: It is possible to return to the previous step (3.1) to resolve some conflicts if the software quality 
engineer thinks that this is needed. 

Step 3.3 Verification and validation of software quality requirements 
Input: Software quality requirements with their respective priorities 
Output: Final set of software quality requirements + Personalized quality model 
This is the final step of the process. It allows the software quality engineer to verify and validate the final set 

of software quality requirements specified in the process. At the end of this process, the software quality 
engineer should produce a list of software quality requirements that meet all identified quality needs of the 
different stakeholders he has identified. He should also be able to validate these requirements with all stake- 
holders and with the customer in particular. This validation should review all of the requirements also con- 
sidering the priority that has been assigned to each requirement.  

Note: Refer to the section 6.2 on the life cycle that explains the evolution of software quality requirements. 
The software quality engineer may use the list of software quality requirements validated with the customer to 

produce the project-personalized quality model of the project. This model contains only characteristics, sub-  
characteristics and measures applicable in the given project and allows the engineer to quickly verify the charac- 
teristics that should be present in the final product of the project. This model may evolve during the project as 
the result of the evolution of software quality requirements. 

Note: It is possible to return to the previous step (3.2) to review the priorities of the software quality require- 
ments. It is also possible to return to the Phase 2 to review some software quality requirements. 

4. Conclusion and the Future Work 
In this paper, the authors analyzed the actual version of the standard ISO/IEC 25030 in order to propose 
modifications to the new version (actually under revision in ISO/IEC JTC1 SC7) of the standard that should 
make it more applicable in the context of the IT industry. These modifications, if accepted by ISO/IEC JTC1 
SC7, could allow for restructuring of the standard so it becomes understandable by the majority of the possible 
stakeholders involved in the development cycle of a system/software product. 

This revision aims at enhancing quality requirements division of SQuaRE series aligned with the other 
divisions, and providing a more practical guide for definition and use of quality requirements. Major proposed 
modifications are: 
 Extension of the view from software to system,  
 Enhancement and deployment of quality requirements, and  
 Clarification of quality requirements definition steps: 
 Stating them exhaustively by using the quality models as a checklist, 
 Specifying them with the quality measures with criteria for evaluation. 

The main proposed addition to the new version of the standard is the dedicated process for specifying the 
system/software quality requirements and the details describing the steps of each phase of this process. 

For future research, the reader could analyze the process for specifying software quality requirements as 
proposed by the authors. In addition, it would be interesting to consider using the standard ISO/IEC 25012 that 
describes a model for data quality. Indeed, the quality of data used in a system/software is crucial to its operation. 
Besides that, the standard ISO/IEC 25024 provides a list of measures that can be used with the data quality 
model. 

Finally, once the process proposed by the authors is analyzed and improved it should be applied in different 
projects to prove its reliability and that it is useful to specify the right software quality requirements correctly. 

5. Proposed Structure of the Modified Version of ISO/IEC25030 
The proposed changes and modifications to the table of content are underlined: 

Foreword 
Introduction 
1 Scope 
2 Conformance 
3 Normative references 
4 Terms and definitions 
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5 Fundamental concepts for quality requirements 
5.1 Software quality engineer 
5.2 Software and system 
5.3 Stakeholders and stakeholder requirements 
5.3.1 Categories of stakeholders 
5.3.2 Stakeholder requirements 
5.4 Stakeholder requirements and system requirements 
5.5 Software quality model 
5.6 Software properties 
5.7 Software quality measurement model 
5.8 Software quality requirement 
5.9 System requirements categorization 
5.10 Quality requirements life cycle model 
6 Process of specifying software quality requirements 
6.1 Defining the project context 
6.1.1 List the general assumptions of the project 
6.1.2 Study the domain of the project 
6.1.3 Specify the constraints of the project 
6.1.4 List all the stakeholders 
6.2 Specifying quality requirements of each stakeholder 
6.2.1 Determine the context of use of the software product 
6.2.2 Extract quality needs 
6.2.3 Associate each quality need to the business need it supports 
6.2.4 Specify and decompose software quality requirements 
6.2.5 Conflict resolution for requirements 
6.2.6 Risk analysis of the software quality requirements 
6.2.7 Verification and validation of software quality requirements with the stakeholder 
6.3 Complete specification of software quality requirements 
6.3.1 Conflict resolution of all software quality requirements 
6.3.2 Set the priority of each software quality requirement 
6.3.3 Verification and validation of software quality requirements 
7 Requirements for quality requirements 
7.1 General requirements and assumptions 
7.2 Stakeholder requirements 
7.2.1 System boundaries 
7.2.2 Stakeholder quality requirements 
7.2.3 Validation of stakeholder quality requirements 
7.3 Software requirements 
7.3.1 Software boundaries 
7.3.2 Software quality requirements 
7.3.3 Verification of software quality requirements 
ANNEX A: Relationship to ISO/IEC 15288 (System lifecycle process) 
ANNEX B: Relationship to ISO/IEC/IEEE 29148 (Requirements engineering process) 
ANNEX C: Recommended process for quality requirements 
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Abstract 
For any software company that frequently performs quality assurance activities devoted to mea-
surement, evaluation (ME) and change/improvement (MEC) projects, ME and MEC strategies can 
be valuable organizational assets. In this paper, we analyze the improvement of a ME strategy, 
which can be considered an organizational resource to be applied to quality assurance activities. 
This resource is called the GOCAME (Goal-Oriented Context-Aware Measurement and Evaluation) 
strategy. AME/MEC strategy embraces the next three integrated capabilities: 1) the ME/MEC do-
main conceptual base and framework; 2) the process perspective specifications; and, 3) the method 
specifications. The improvement of GOCAME was performed instantiating two strategy patterns. A 
strategy pattern is a reusable solution to recurrent problems in ME/MEC projects. For an im-
provement goal, the selected MEC strategy pattern allows instantiating in a project a set of tailored 
activities and methods for measurement, evaluation, analysis and change. Particularly, we instan-
tiate the GoME_1QV (Goal-oriented Measurement and Evaluation for One Quality View) strategy 
pattern to understand the GOCAME current quality state and compare it with the so-called GQM+ 

Strategies. First, this evaluation and analysis allows us to know the GOCAME strengths and weak-
nesses with regard to the quality of the three capabilities. Second, we instantiate the GoMEC_1QV 
(Goal-oriented Measurement, Evaluation and Change for One Quality View) strategy pattern to im-
prove the GOCAME current state, producing as result a new version of the GOCAME strategy. 

 
Keywords 
Strategy Pattern, Quality View, Evaluation, Change, Improvement 

 
 

1. Introduction 
Nowadays, software organizations are immersed in very competitive markets. This situation challenges organi-
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zations for paying special attention to the quality of products and services offered to consumers. Moreover, or-
ganizations should take into account the selection of the best resources aimed at impacting positively into their 
processes, knowing beforehand that resources and processes influence the quality of their products and services.  

In this direction, the ISO 25010 standard [1] states that: “the software lifecycle processes (such as the quality 
requirements process, design process and testing process) influence the quality of the software product and the 
system. The quality of resources, such as human resources, software tools and techniques used for the process, 
influence the process quality, and consequently, influence the product quality. Software product quality, as well 
as the quality of other components of a system, influences the quality of the system. The system quality has vari-
ous influences (effects) depending on the contexts of use. The context of use can be defined by a set of a user, a 
task, and the environment”. Figure 1 illustrates these relationships as per ISO. 

Consequently, software organizations that perform quality assurance activities should have a well-established 
quality evaluation and improvement approach in order to fulfill measurement, evaluation, analysis and change 
project goals. Project goals, particularly, information need goals may have specific purposes such as to under-
stand the current quality state of an entity, to compare different entities for knowing their strengths and weak-
nesses, to improve the quality of an entity, to select the most suitable entity among a set of alternatives, etc. 

Regarding the above, this article discusses the evaluation and improvement of an entity, particularly, a re-
source, using a holistic quality evaluation and improvement approach [2]. The architecture of this approach is 
based on two pillars, namely: 1) a quality multi-view modeling framework; and 2) ME/MEC integrated strate-
gies. The first pillar specifies an ontology of quality views including terms such as entity category and quality 
focus and their influences and is determined by relationships as shown in Figure 1. This ontology allow us to 
represent quality views, for instance, the Resource Quality View, the Process Quality View, etc. in a more for-
mal way than in [1]. 

The second pillar provides a set of ME/MEC strategies, which helps software quality assurance (SQA) leaders 
to get data and information for analysis and decision-making in addition to achieve the information need goals 
for projects. Strategy is a frequently used and broad term, so for our purposes, we have defined it as: “principles, 
patterns, and particular domain concepts and framework that may be specified by a set of concrete processes, in 
addition to a set of appropriate methods and tools as core resources for helping to achieve a project goal” [3]. 
Furthermore, we have conceived that a strategy [3] [4] can be represented with three capabilities, namely: (1) the 
ME/MEC domain conceptual base and framework; (2) the process perspective specifications; and, (3) the me-
thod specifications. These three capabilities support the principle of being integrated [5] since, for instance, the 
same ME terms are consistently used for activities and methods. 

Additionally, in the last decade we have earned experience in developing a couple of specific ME/MEC strat-
egies. For instance, we have developed the GOCAME (Goal-Oriented Context-Aware Measurement and Evalu-
ation) and SIQ in U (Strategy for Improving Quality in Use) strategies, in 2008 and 2010 respectively. These 
strategies were applied in several concrete evaluation and improvement projects such as documented in [4] [6]- 
[8]. For these ME/MEC projects, one or two quality views were considered. Also, both strategies have the three 
above-mentioned capabilities, which are supported in an integrated way. 

On the other hand, we have envisioned the idea of packaging the earned experience in using ME/MEC strate-
gies into strategy patterns. It is recognized that patterns have had and continue to have a significant impact in 
software and web engineering [9]-[11]. In a nutshell, the pattern’s main aim is to provide a general and reusable 

 

 
Figure 1. Target entities and their relationships for evaluating quality (adapted from [1]). 
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solution to a recurrent problem. We have observed that strategy patterns can be applied to recurrent ME or MEC 
problems/goals of any project. As a result, we specify a set of strategy patterns in a catalog that offers flexible 
and tailorable solutions for evaluating and improving the quality focuses for different entities in ME/MEC 
projects.  

There are different categories of patterns documented since early 90’s, for example, object-oriented design 
patterns [10], usability and architectural patterns [12], analysis patterns [11] [13], among others. However, 
strategy patterns have recently been documented in [14]. Specifically, a ME/MEC strategy pattern includes in its 
structure a set of generic ME/MEC process and method specifications to be instantiated for a particular purpose 
and context. The patterns’ catalog and a potential recommender tool may support to the SQA leader in the selec-
tion process. This means that for a particular ME/MEC project goal (which embeds in its statement the quality 
focus and the quality views), the selection of the most appropriate strategy pattern to be instantiated can be eased. 

This paper is motivated by the fact of showing the evaluation and improvement process made on the 
GOCAME strategy throughout the time by using strategy patterns. Thus, GOCAME was considered a resource 
from the entity category standpoint, with an evaluation focus on the quality of its three capabilities. Particularly, 
we will illustrate the employment of two strategy patterns, namely: GoME_1QV (Goal-oriented Measurement 
and Evaluation for One Quality View) and GoMEC_1QV (Goal-oriented Measurement, Evaluation and Change 
for One Quality View) in two periods of the timeline as depicted in Figure 2. 

As above mentioned, we have developed the GOCAME strategy in 2008. So later, at early 2009, we have de-
cided to understand the quality of its capabilities compared with other existing integrated strategies. To this aim, 
we first instantiated the GoME_1QV strategy pattern. Using this pattern allowed us to understand and analyze 
the strengths and weaknesses that GOCAME had in comparison with other strategies. In that case study [5], the 
purpose of the ME information need was to “understand and compare” the “Capability Quality” from the “SQA 
leader” user viewpoint. We have defined the Capability Quality characteristic as the “degree to which a re-
source is suitable and appropriate for supporting and performing the actions when used under specified condi-
tions”. The entity category is an “Integrated ME Strategy” whose super-category is “Resource”. Also, GOCAME 
and GQM+ Strategies [15] [16] were the two concrete entities to be assessed for the “Resource Quality” focus. 
This focus embraces the three required capabilities of an integrated strategy, which are represented by the 
“Process Capability Quality”, “Conceptual-Framework Capability Quality”, and “Methodology Capability 
Quality” sub-characteristics. The yielded results allowed us to understand their strengths and weaknesses. So in 
2010, we saw the opportunity to plan actions for further improvements after analyzing the GOCAME weak-
nesses and some strengths of GQM+ Strategies that could be taken. 

Regarding this, we have performed two cycles of improvements and re-evaluations, from middle of 2010 to 
early 2014, by instantiating the GoMEC_1QV strategy pattern. Improvements were achieved by performing 
evaluation-driven changes in the resource, i.e., in the GOCAME strategy. Therefore, the purpose of the ME in-
formation need was “Improve” from the same user viewpoint as before. Regarding the first improvement cycle 
attributes of the “Process Capability Quality” characteristic, which had benchmarked with low performance in-
dicators, were changed and then re-evaluated to gauge the improvement gain. The second cycle was made as 
shown in Figure 2, where the major improvement was focused on attributes of the “Conceptual-Framework 
Capability Quality” characteristic, as we will discuss later on. 

 

 
Figure 2. Timeline for the development and improvement of the GOCAME strategy. 
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Hence, the main contribution documented in this paper is the instantiation of two strategy patterns for the 
evaluation and improvement of GOCAME with regard to the quality of its three capabilities.  

Following this Introduction, Section 2 describes related work addressing research that deals with holistic 
evaluation and improvement approaches, and strategy patterns as well. Section 3 gives a background for under-
standing our holistic evaluation approach. Also, it shows the relations between Resource Quality View with oth-
ers quality views. Section 4 discusses ME/MEC strategy patterns in general addressing the specification of 
GoMEC_1QV in particular. Then, Section 5 illustrates the GOCAME case study instantiating both GoME_1QV 
and GoMEC_1QV strategy patterns. Finally, Section 6 draws our main conclusions and outlines future work. 

2. Related Work 
In this paper, we outline and exemplify a holistic quality evaluation and improvement approach whose architec-
ture is based on two pillars, as commented above: 1) a quality multi-view modeling framework; and 2) 
ME/MEC integrated strategies. Additionally, a set of strategy patterns for this approach are introduced and two 
are instantiated with the aim of improving an organizational resource. So, we analyze below the state-of-the-art 
research literature with these three concerns in mind, i.e., the two integrated pillars and strategy patterns. 

Regarding the first pillar of the approach, there exists research that deals with quality views and quality mod-
els. But as far as we know there is no work defining and specifying an ontology of quality views, nor an explicit 
glossary of terms. One of the most relevant documents previously cited is the ISO 25010 standard, in which dif-
ferent quality views and their “influences” and “depends on” (or “is determined by”) relationships are informally 
represented (see Figure 1). Also, the explicit meaning of the quality view concept is missing. Moreover, there is 
no clear association between a quality focus and an entity category, nor explicit definitions of the different entity 
categories as we do in Table 1. Rather, ISO 25010 outlines views in the context of a system quality lifecycle 
model, where some views can be evaluated by means of the quality model that the standard proposes. 

Another initiative related to quality views is analyzed in [17] in which just the “influences” relationship be-
tween External Quality and Quality-in-Use (QinU) characteristics is determined by means of Bayesians net-
works, taking as reference the ISO 9126-1 [18] standard (this standard was superseded by [1]). However, it does 
not discuss a holistic quality evaluation approach that links quality views with ME/MEC strategies, as we are 
proposing. Finally, in [7] the 2Q2U (internal/external Quality, Quality in use, actual Usability, and User expe-
rience) quality framework is proposed. This framework extends the quality models defined in [1] adding new 

 
Table 1. Ontology of quality views: Term definitions. 

Term Definition 
Calculable Concept 
(synonym: Characteristic, 
Feature) (from ME ontology) 

A characteristic that represents a combination of measurable attributes. Note 1: A calculable  
concept can be evaluated but cannot be measured as an attribute-at least in a non very trivial way such 
as “good” or “bad”. Note 2: A characteristic can have sub-characteristics. 

Calculable-Concept Focus It is a calculable concept which represents the root of a calculable-concept model. Note 1: A  
calculable-concept focus is associated to one entity super-category to be evaluated. 

Calculable-Concept Model 
(from ME ontology) 

The set of calculable concepts and the relationships between them, which provide the basis for  
specifying the non-functional requirements and their further evaluation. Note 1: A possible instance of 
a Calculable-Concept Model is the ISO 25010 Quality-in-use Model. 

Calculable-Concept View Abstract relationship between one calculable-concept focus and one entity super-category. Note 1: 
Names of calculable-concept views are Quality View, Cost View, among others. 

Entity Category 
(synonym: Object Category) 
(from ME ontology) 

Object category that is to be characterized by measuring its attributes. 

Entity Super-Category 
Highest abstraction level of an entity category of value to be characterized and assessed in Software 
Engineering organizations. Note 1: Names of entity super-categories are Resource, Process, Software 
Product, System, System in use, among others. 

Quality Focus It is a calculable-concept focus for quality. 

Quality View It is a calculable-concept view for quality. 

Resource It is the entity super-category which embraces assets that can be assigned to processes, activities and 
tasks. Note 1: Examples of assets are Tool, Strategy, Software team, etc. 

Resource Quality It is the quality focus associated to the resource entity super-category to be evaluated. 

Resource Quality View It is the quality view that relates the resource quality focus with the resource entity super-category. 



M. F. Papa et al. 
 

 
132 

sub-characteristics for EQ and QinU, and considers the “influences” and “depends on” relationships for three 
quality views, namely: Software Product, System and System-in-Use Quality Views. But there is no explicit 
quality view component specified, as documented in [2] and in the next Section.  

Regarding the second pillar, i.e., ME and MEC integrated strategies, there exists a couple of related work. For 
example, Goal Question Metric (GQM) [19], Continuous Quality Assessment Methodology (CQA-Meth) [20], 
Practical Software Measurement (PSM) [21], and Quality Improvement Paradigm (QIP) [22]. Particularly, [15] 
[16] presents GQM+ Strategies, which is built on top of the so-called GQM strategy. Both strategies include the 
principle of the three integrated capabilities of a strategy [5]. But none consider the quality views’ concepts and 
the “influences” and “depends on” relationships, nor the ME/MEC strategy pattern idea.  

Summarizing the approaches, CQA-Meth is a flexible methodology that allows the quality assessment of any 
software model. This methodology and its tool are part of the CQA integrated environment that can be used by 
companies to perform quality assessments of their own or third-party products. CQA-Meth defines the processes 
necessary to carry out the evaluation of UML models, and facilitate communication between the client (sponsor 
of the evaluation) and the evaluation team. CQA-Meth lacks an explicit conceptual framework from a termino-
logical base standpoint. While CQA-Meth comes from the same research group who developed the FMESP 
(Framework for the Modeling and Evaluation of Software Processes) approach [23] which does have a concep-
tual framework with an ontological base as indicated by authors in [20], the relationship among the three capa-
bilities is not explicit at all.  

Other measurement approach widely accepted in the industry that helps manage software development 
projects is PSM. It is an information-oriented approach that describes a software measurement process, also be-
ing part of a comprehensive management program and software development project management. PSM de-
scribes how to define and integrate measurement requirements, collect and analyze measurement data and im-
plement the entire measurement process in an organization. PSM was one of the sources for the development of 
the ISO/IEC 15939standard [24] (as indicated in http://www.psmsc.com/iso.asp), and after the formal appear-
ance of this document, PSM was updated according to this standard as well. Another related work is the QIP 
paradigm, whose premise is that improvement is a continuous process. This approach helps organizations to im-
plement a continuous improvement process taking into consideration past experiences. Therefore, QIP is benefi-
cial in mature organizations that are aware of their learning processes and experiences. QIP uses GQM for de-
fining goals and appropriate metrics that will guide the implementation of the process. While this paradigm is 
consolidated as a continuous improvement approach, it does not offer an integrated guide for measurement, 
evaluation and change projects. Moreover, the three capabilities of most of these strategies are not well specified 
in an integrated way. 

Lastly, regarding the third concern, a lot of research deals with patterns. There is plenty literature about de-
sign patterns [10], analysis patterns [11] [13], architectural and usability patterns [9] [12], language patterns [25], 
among other categories and issues. But this literature is, to the best of our knowledge, not intended to measure-
ment, evaluation and improvement processes and stages in which quality views and ME/MEC strategy patterns 
could be used accordingly. For example, authors in [9] [12] define a framework that expresses relationships be-
tween Software Architecture and Usability (SAU). This proposal consists of an integrated set of design solutions 
that had been identified in various industry cases. However, in our opinion, a clear separation of concerns 
among quality views, quality models, ME/MEC integrated strategies and strategy patterns is missing. 

3. Outlining the Holistic Quality Evaluation and Improvement Approach 
As indicated above, the architecture of our holistic quality evaluation and improvement approach is built on two 
pillars. Sub-section 3.1 discusses the first pillar, i.e., the quality multi-view modeling framework, which speci-
fies the proposed ontology of quality views and the grouping of its concepts into the quality_view component. 
Sub-section 3.2 analyzes, as part of the second pillar, what an integrated strategy for the purpose of evaluation 
and improvement is.  

3.1. Quality Multi-View Modeling Framework 
On one hand, a ME/MEC project can involve one or more entity super-categories such as Resource, Process, 
Software Product, System and System in Use. Each entity super-category is evaluated considering its corres-
ponding quality focus such as Resource Quality, Process Quality, Internal Quality, External Quality and QinU. 

http://www.psmsc.com/iso.asp
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The relationship between an entity super-category and its quality focus is called Quality View. For example, the 
Resource entity super-category and the Resource Quality focus conform the Resource Quality View. On the 
other hand, for each quality view an appropriate quality model must be instantiated, as part of the definition and 
evaluation of non-functional requirements for a ME/MEC project. A quality model has a quality focus (the root 
characteristic) in addition to characteristics and sub-characteristics to be evaluated which combine measurable 
attributes. So the quality multi-view modeling framework embraces concepts such as quality view, quality mod-
el, relationships between quality views, among other issues. 

Next, we describe the quality multi-view modeling framework pillar considering the proposed domain ontolo-
gy for quality views and the linking of the new quality_view component with the previously developed C- 
INCAMI (Contextual-Information Need, Concept model, Attribute, Metric and Indicator) conceptual framework 
[4]. C-INCAMI explicitly and formally specifies ME concepts, properties, relationships and constraints, in addi-
tion to their grouping into components. This domain ontology for ME was also enriched with terms of a process 
generic ontology [3].  

An ontology is a way of structuring a conceptual base by specifying its terms, properties, relationships and 
axioms or constraints. A well-known definition of ontology says “an ontology is an explicit specification of a 
conceptualization” [26]. On the other hand, van Heijst et al. [27] distinguish different types of ontologies re-
garding the subject of the conceptualization, e.g., domain ontologies, which express conceptualizations that are 
intended for particular domains; and generic ontologies, which include concepts that are considered to be gener-
ic across many domains. Regarding this classification, the quality views ontology can be considered as a domain 
ontology since its terms, properties and relationships are specific to the quality area. However, some terms like 
entity super-category can be considered generic. Figure 3 depicts the quality views ontology using the UML 
class diagram [28] for representation and communication purposes. 

 

 
Figure 3. Terms and some instances of the quality views ontology. 
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One core term in this ontology is Calculable-Concept View. This term relates the Entity Super-Category term 
with the Calculable-Concept Focus term. An Entity Super-Category is the highest abstraction level of an Entity 
Category to be characterized for measurement and evaluation purposes. On the other hand, a Calculable-Con- 
cept Focus is a Calculable Concept that represents the root of a Calculable-Concept Model. In Table 1, some 
core terms of the quality views ontology are defined. 

The relationship between an Entity Super-Category and its associated Quality Focus is the Quality View key 
concept in our ontology. A Quality View is a Calculable-Concept View just for quality. Instances of the Quality 
View term are Software Product Quality View, System Quality View, System-in-Use Quality View, Resource 
Quality View and Process Quality View terms, as shown in Figure 3. It is worth mentioning that in the figure 
not all instances of quality views are shown, as for example the Service Quality View. Additionally, its rela-
tionships are defined in Table 2. (Note that these two tables have updated definitions compared with [2]). 

Also, Figure 3 shows that instances of Entity Super-Category are Software Product, System in Use and Re-
source, amongst others. On the other hand, a Calculable-Concept Focus can be for example a Quality Focus or a 
Cost Focus. Note that Cost Focus and Cost View are not directly related with the quality domain, so they are 
gray-colored terms. Some instances of Quality Focus are Resource Quality, Process Quality, etc. Table 1 de-
fines Resource Quality as “the quality focus associated to the resource entity super-category to be evaluated”. 
This quality focus and its instantiated quality model will be illustrated in Section 5.  

Figure 4 shows the influences and depends on relationships between instances of quality views which are 
commonly present in development, evaluation and maintenance projects. Thus, the Resource Quality View in-
fluences the Process Quality View. For example, if a development team uses a new strategy or method—both 
considered as entities of the Resource Entity Super-Category-this fact impacts directly in the quality of the de-
velopment process they are carrying out. Likewise, the Process Quality View influences the Software Product 
Quality View, and so on. Conversely, the depends on relationship has the opposite semantic. 

Lastly, note that the quality views ontology shares some terms with the ME ontology presented in [4]. Partic-
ularly, an Entity Super-Category is an Entity Category, which is a term from the non-functional requirements 
component in Figure 5. Entity Category is defined in Table 1 as “the object category that is to be characterized 
by measuring its attributes”. Also, a Calculable-Concept Focus is a Calculable Concept and represents the root 
of a Calculable-Concept Model. In Table 1 a Calculable-Concept Model is defined as “the set of calculable 
concepts and the relationships between them, which provide the basis for specifying the root calculable-concept 
requirements and their further evaluation”. As a result, in Figure 5, the new terms are grouped into the quali-
ty_view component which are linked with the former C-INCAMI non-functional requirements component. Note 
also that many C-INCAMI components in Figure 5 are drawn without terms for better visualization. In Figure 6, 
the measurement and evaluation components are expanded. 

 
Table 2. Ontology of quality views: Relationship definitions. 

Relationship Definition 

depends On A calculable-concept view depends on other calculable-concept view. 

describes A ME information need describes a calculable-concept focus. 

influences A calculable-concept view influences other calculable-concept view. 

Is Represented By  A calculable-concept focus can be represented by one or several calculable-concept models. 

pertains An entity category can be classified into an entity super-category. 

 

 
Figure 4. An instantiation of typical quality views in software development projects. 
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Figure 5. The quality_view component which extends the C-INCAMI conceptual framework. 

 

 
Figure 6. Measurement and evaluation components of the C-INCAMI conceptual framework 
enriched with process terms. 
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3.2. Integrated Strategies for Measurement, Evaluation and Improvement 
Integrated ME/MEC strategies are the second pillar of our holistic quality evaluation and improvement ap-
proach. The fact of modeling quality views and their relationships is crucial for the aim of this pillar, since 
strategies are chosen considering quality views to be evaluated according to ME/MEC project goals.  

In our approach, an integrated strategy simultaneously supports three capabilities [5]: 1) the domain concep-
tual base and framework; 2) the process perspective specifications; and 3) the method specifications. To the first 
capability, C-INCAMI explicitly specifies the ME/MEC terms, properties, relationships and constraints, in addi-
tion to their grouping into components. The second capability, the process specifications, usually describes a set 
of activities, tasks, inputs and outputs, artifacts, roles, and so forth. Besides, process specifications can consider 
different process perspectives such as functional, behavioral, informational and organizational [29]. Usually, 
process specifications primarily state what to do rather than indicate the particular methods and tools (resources) 
used by specific activity descriptions. The third capability provides the ability to specify methods, which ulti-
mately represent the particular ways to perform the ME/MEC tasks. 

These three capabilities support the strategy’s principle of being integrated [5]. Since, for instance, the same 
ME terms are consistently used for activities (what) and methods (how), as we highlight in the next Section. 

4. Specifying Strategy Patterns 
In Software Engineering, a well-known definition for pattern is “each pattern describes a problem which occurs 
over and over again in our environment, and then describes the core of the solution to that problem, in such a 
way that you can use this solution a million times over, without ever doing it the same way twice” [10]. That is, a 
pattern provides a documented and tested solution for recurring problems in similar contexts. Thus, we have ob-
served that strategy patterns can be applied for ME/MEC projects’ recurrent problems. Strategy patterns offer 
flexible and tailorable solutions for evaluating and improving the quality focuses for different entities in ME/ 
MEC projects. The selection of a suitable pattern is made taking into account the goal and context of the project 
in conjunction with the intervening view or views, as seen in Figure 4. 

We have specified a set of strategy patterns, following to a some extent the pattern specification template used 
in [10]. Our template includes the following items: 1) name: A descriptive and unique name, usually expressed 
in English; 2) alias: Acronym or other names for the pattern; 3) intent: Main objective for the pattern; 4) motiva-
tion (problem): Project problem/goal solved by the strategy pattern; 5) applicability: Situations in which the 
pattern can be applied; 6) structure (solution): Generic structure and instantiable solution that the strategy pat-
tern offers; 7) known uses: References of real usage; 8) scenario of use: Concrete example and illustration for 
the instantiated pattern. In the sequel, a couple of strategy patterns are commented, describing only their inten-
tion and known uses.  

GoME_1QV is a strategy pattern used to provide a solution in the instantiation of a ME strategy aimed at 
supporting just an understanding goal when one quality view is considered (e.g., Resource Quality View, Soft-
ware Product Quality View, System Quality View, etc.). This strategy pattern must be selected when the project 
goal is just to understand the current situation of an entity with regard to the corresponding quality focus. The 
generic process of GoME_1QV consists of six activities, which are the A1-A6 gray-colored activities in Figure 
7. This is the simplest pattern to be instantiated and the mostly used in ME projects we have run, e.g., in the 
evaluation of a mash-up application [7] and a shopping cart [4]. This pattern was also used to evaluate and 
compare GOCAME and GQM+ Strategies in 2010 (recall Figure 2). Also, its application will be commented in 
sub-section 5.1. 

The GoMEC_1QV strategy pattern is applied when the project goal states that it is necessary not only to un-
derstand the current situation of the entity at hand but also to perform changes on it, re-evaluate it, and gauge the 
improvement gain achieved. It embraces eight generic activities, i.e., the A1-A8 activities in Figure 7. This pat-
tern is instantiated for a MEC project goal considering just one quality view. We have illustrated GoMEC_1QV 
in a case study for improving the Usability of the Facebook app [14], where the Usability characteristic was 
linked to the External Quality focus. This pattern is thoroughly specified next, and then instantiated in sub-sec- 
tion 5.2 for the Resource Quality focus. 

GoMEC_2QV is another strategy pattern included in the catalog, which gives a solution for an improvement 
project goal which involves two quality views and their relations. Recall that between two quality views, the ‘in-
fluences’ and ‘depends on’ relationships can be used. This implies that one quality view plays the role of  
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Figure 7. Generic process from the functional and behavioral perspectives for the GoMEC_1QV pattern. 

 
dependent view, while the other plays the role of independent view (see these roles in Figure 5). For example, if 
we consider the System Quality View and the System-in-Use Quality View, these relations embrace the hypo-
thesis that evaluating and improving the EQ focus of a system is one means for improving the QinU focus of a 
system in use [1]. In turn, understanding QinU problems may provide feedback for deriving External Quality 
attributes that if improved could impact positively in the system quality. Furthermore, we can envision valid and 
interesting relationships for instance between Resource Quality View and Product Quality View. That is, by 
evaluating and improving the resource quality can be one means for improving the Internal Quality focus of a 
product. For example, changes in the development team can impact positively in the architectural design. SIQi-
nU strategy [6] is an instance of this pattern. This strategy was used as case study in a real software testing en-
terprise with headquarters in Beijing, which examined JIRA (www.atlassian.com/software/jira/), a commercial 
software defect tracking system. 

Below, the GoMEC_1QV pattern is specified considering a template with the items listed above.  

GoMEC_1QV Specification 
Name: Goal-oriented Measurement, Evaluation and Change for One Quality View 

Alias: GoMEC_1QV or GOCAMEC_1QV in [14] 
Intent: To provide a solution in the instantiation of a measurement, evaluation, analysis and change strategy 

aimed at supporting a specific improvement goal of a project when one quality view is considered.  
Motivation (Problem): The purpose is to understand the current situation of a concrete entity in a specific 

context for a set of characteristics and attributes related to a given quality focus and then change the entity and 
re-evaluate it in order to gauge the improvement gain, through the systematic use of measurement, evaluation, 
analysis and change activities and methods.  

Applicability: This pattern is applicable in MEC projects where the purpose is to understand and improve the 
quality focus of the evaluated entity for one quality view, such as Resource, System, System-in-Use Quality 
Views, among others.  

Structure (Solution): The pattern structure is based on the three capabilities of an integrated strategy viz, the 
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specification of the conceptual framework for the MEC domain, the specification of MEC process perspectives, 
and the specification of MEC methods. GoMEC_1QV provides a generic course of action that indicates which 
activities should be instantiated during project planning. It also provides method specifications for indicating 
how the activities should be performed. Specific methods can be instantiated during scheduling and execution 
phases of the project. Below, we describe the main structural aspects of the three strategy capabilities. 

1) The concepts in the non-functional requirements, context, measurement, evaluation, change, and analysis 
components (Figure 5 and Figure 6) are defined as sub-ontologies. The included terms, attributes and relation-
ships belong to the MEC area. In Figure 6 we show just the main ME terms. Note that ME terms in Figure 6 are 
also enriched with terms from a generic process ontology [3] by means of stereotypes. These concepts are used 
consistently in the activities, artifacts, outcomes and methods of any ME/MEC strategy.  

2) The process specification is made up from different perspectives, i.e., functional which includes activities, 
inputs, outputs, etc.; behavioral, which includes parallelisms, iterations, etc.; organizational, which deals with 
agents, roles and responsibilities; and informational, which includes the structure and interrelationships of arti-
facts produced or consumed by activities. Considering the functional and behavioral perspective, Figure 7 de-
picts the generic process for this pattern. The names of the eight (A1-A8) MEC activities must be customized 
taking into account the concrete quality focus to be evaluated. 

3) The method specification indicates how the descriptions of MEC activities must be performed. Table 3 and 
Table 4 exemplify three method specification templates: the first for a direct metric used as method specifica-
tion for direct measurement tasks; the second for an indirect metric, used in indirect measurements; and the third 
for an elementary indicator, used in elementary evaluations. Note that terms in method specification templates 
come from the ME conceptual base. Many other method specifications can be envisioned such as task usage log 
files, questionnaires, aggregation methods for derived evaluation, amongst others. For change activities tradi-
tional methods such as refactoring, re-structuring, re-parameterization, document updating, among others can be 
specified as well. 

Known uses: GoMEC_1QV was used in a MEC project devoted to improve Usability and Information Qual-
ity attributes of a shopping cart, i.e, from the System Quality View through refactoring as change method [8]. 
Besides, this pattern was instantiated in a MEC project for the Resource Quality View [5]. 

5. Illustrating Two Strategy Patterns for the GOCAME Case Study 
As indicated in the Introduction Section, this paper is motivated by the fact of describing the evaluation and  
 
Table 3. Method specification templates for the measurement task: a) direct metric; b) indirect metric. 

a) Direct Metric b) Indirect Metric 
Quantified Attribute name: 
Metric name: 
Objective:        Author:      Version: 
Measurement Procedure: 
Type:        Specification: 
Scale:[Numerical|Categorical] 
Scale Type name:  Value Type:    Representation: 
Unit: 
Name:           Description:    Acronym: 
Tool: (Note: Info about the used tool if any) 
 

Quantified Attribute name: 
Metric name: 
Objective:      Author:       Version:  
Calculation Procedure: 
Procedure specification: Formula: 
Scale:[Numerical|Categorical] 
Scale Type name: Value Type: Representation: 
Unit: 
Name:          Description:    Acronym: 
Tool: (Note: Info about the used tool if any) 
Related Direct Metrics: 

 
Table 4. Method specification template for the elementary evaluation: elementary indicator. 

Elementary Indicator 

Interpreted Attribute name: Indicator name: Author: Version: 
Elementary Model: 
Elementary Model specification: 
Decision Criteria [Acceptability Levels] 
Name: Range: Description: 
Scale:[Numerical|Categorical] 
Scale Type name: Value Type: Representation: 
Unit: Name: Description: Acronym: 
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improvement process made on the GOCAME strategy throughout the time. To this aim, we will illustrate the 
employment of two strategy patterns following the timeline shown in Figure 2.  

5.1. Applying GoME_1QV 
At early 2009, we decided to understand the quality of the GOCAME strategy. To this aim, we first instantiated 
the GoME_1QV strategy pattern. Using this pattern allowed us to understand and analyze the strengths and 
weaknesses that GOCAME had in comparison with other strategies. The evaluation was focused on the Capa-
bility Quality. This characteristic embraces the idea of to which extent a resource is suitable and appropriate for 
supporting and performing the expected actions. Capability Quality includes three quality sub-characteristics, 
namely: Process Capability, Conceptual-Framework Capability, and Methodology Capability. These sub-char- 
acteristics represent the principle of integratedness of a strategy.  

The selection criteria used for the choice of the entities to be evaluated were: 1) ME strategies should be do-
cumented in the literature of public domain in English language, i.e., in digital libraries with recognized visibili-
ty such as IEEE Xplore, Springer Link, ACM digital library and Scopus; 2) ME strategies should have recog-
nized impact in the academia or industry; and, 3) ME strategies should simultaneously support the three quoted 
capabilities. We performed a systematic literature review. At that time, there were many proposals published in 
the ME area having some strategies the three capabilities, but most were not in an integrated way. As a result, 
we included two concrete entities to be assessed: GQM+ Strategies and GOCAME. In this selection process, we 
disregarded FMESP, CQA-Meth, among others, as discussed in [5] [30]. 

Since the GoME_1QV strategy pattern was applied, we instantiated for the Resource Quality View the A1-A6 
generic activities that the pattern structure provides. Next we describe each instantiated activity. 

(A1) Define Nonfunctional Requirements for Resource Quality is the first instantiated activity. The 
yielded work product is the Nonfunctional Requirements Specification for Capability Quality, which includes 
the Information Need Specification, the Requirements Tree Specification, and the Context Specification.  

The purpose of the information need is to “understand and compare” the “Capability Quality” from the “SQA 
leader” user viewpoint. The entity category is an “Integrated ME Strategy” whose super-category is “Resource”. 
GQM+ Strategies and GOCAME are the concrete entities to be assessed. The focus of the evaluation is “Re-
source Quality”. 

Since in the related literature there was no official or de facto standard that would have specified the Capabil-
ity Quality model, we had to define our own quality model. Table 5 shows, in the 1st column, the resulting re-
quirements tree. The 1. Capability Quality characteristic includes the 1.1. Process Capability Quality, 1.2. Con-
ceptual-Framework Capability Quality, and 1.3. Methodology Capability Quality sub-characteristics. Table 6 
shows their definitions. Additionally, definitions of all sub-characteristics and attributes are in [30], Appendix 
A.1. 

The Process Capability Quality sub-characteristic is in turn composed of sub-concepts that represent how 
suitable are the activities, artifacts, process model and its perspectives, and process compliance as well. The sui-
tability of activities and artifacts are measured by means of attributes that quantify the availability, completeness, 
granularity and formality aspects. On the other hand, process modeling suitability (see Table 5) consists of 
sub-characteristics that evaluate how adequate are the functional, behavioral, informational and organizational 
process perspectives, by means of attributes of availability, completeness and granularity. Finally, the process 
compliance sub-characteristic is related to the adherence of strategy processes with strategy conceptual base and 
standards.  

The Conceptual-Framework Capability Quality sub-characteristic is in turn composed of sub-concepts that 
represent how suitable are the conceptual base and framework in addition to the terminological compliance. Fi-
nally, the Methodology Capability Quality sub-characteristic includes attributes for evaluating availability, com-
pleteness for allocating methods to activities, and the terminological compliance as well. 

(A2) Design the Measurement for Resource Quality is the instantiated activity of the GoME_1QV strategy 
pattern, which produces the Metric Specification work product. This activity consists of selecting the meaning-
ful metrics from the Metric repository (datastore stereotype in Figure 7) in order to quantify each attribute of 
the requirements tree. A metric represents the method to perform the specified steps to quantify an attribute. 

For example, the indirect metric named “Degree of Activities Description Availability” (DADA) was selected 
for quantifying the “Activities Description Availability” attribute (coded 1.1.1.1 in Table 5). Table 7 specifies  
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Table 5. Full requirements tree where attributes are in italic in the 1st column. In the rest of the columns, the indicator values 
[%] are for the first (2010) and last (2014) evaluation of GOCAME, and the thrown differences. 

Requirements Tree 2010  2014  Difference 
1. Capability Quality (for an integrated ME strategy) 66.48  73.87  ↑ 7.39 
1.1. Process Capability Quality 58.88  81.67  ↑ 22.79 
1.1.1. Activities Suitability 46.67  92.51  ↑ 45.84 
1.1.1.1. Activities Description Availability 31.91  100  ↑ 68.09 
1.1.1.2. Activities Description Completeness 15.47  92.54  ↑ 77.07 
1.1.1.3. Process Breakdown Structure Granularity 70  70  ↔  
1.1.1.4. Activities Description Formality 100  100  ↔  
1.1.1.5. Role-to-Activity Allocation Availability 0  100  ↑ 100 
1.1.2. Artifacts Suitability 3  19.19  ↑ 16.19 
1.1.2.1. Artifacts Description Availability 0  11.11  ↑ 11.11 
1.1.2.2. Artifacts Description Completeness 0  9.09  ↑ 9.09 
1.1.2.3. Artifacts Breakdown Structure Granularity 30  100  ↑ 70 
1.1.3. Process Modeling Suitability 83.56  93.52  ↑ 9.96 
1.1.3.1. Functional Perspective Suitability 88  88  ↔  
1.1.3.1.1. Functional Perspective Availability 100  100  ↔  
1.1.3.1.2. Functional Perspective Completeness 100  100  ↔  
1.1.3.1.3. Functional Perspective Granularity 70  70  ↔  
1.1.3.2. Informational Perspective Suitability 82.13  100  ↑ 17.87 
1.1.3.2.1. Informational Perspective Availability 100  100  ↔  
1.1.3.2.2. Informational Perspective Completeness 90.32  100  ↑ 9.68 
1.1.3.2.3. Informational Perspective Granularity 30  100  ↑ 70 
1.1.3.3. Behavioral Perspective Suitability 88  88  ↔  
1.1.3.3.1. Behavioral Perspective Availability 100  100  ↔  
1.1.3.3.2. Behavioral Perspective Completeness 100  100  ↔  
1.1.3.3.3. Behavioral Perspective Granularity 70  70  ↔  
1.1.3.4. Organizational Perspective Suitability 0  100  ↑ 100 
1.1.3.4.1. Organizational Perspective Availability 0  100  ↑ 100 
1.1.3.4.2. Organizational Perspective Completeness 0  100  ↑ 100 
1.1.3.4.3. Organizational Perspective Granularity 0  100  ↑ 100 
1.1.4. Process Compliance 85.79  88.05  ↑ 2.26 
1.1.4.1. Process-to-Concept-Base Terminological Compliance 94.74  97.56  ↑ 2.82 
1.1.4.2. ME Process Standards Compliance 50  50  ↔  
1.2. Conceptual-Framework Capability Quality 75.09  77.60  ↑ 2.51 
1.2.1. Conceptual Framework Suitability 75  75  ↔  
1.2.1.1. Conceptual Framework Modularity 50  50  ↔  
1.2.1.2. Conceptual Conceptual FrameworkModeling Formality 100  100  ↔  
1.2.2. Conceptual Base Suitability 68.53  69.67  ↑ 1.14 
1.2.2.1. Conceptual Base Completeness 21.33  24.18  ↑ 2.85 
1.2.2.2. Conceptual Base Structure Richness 100  100  ↔  
1.2.3. Conceptual Framework Compliance 84.31  91.54  ↑ 7.23 
1.2.3.1. Framework-to-C-Base Terminological Compliance  84.31  91.54  ↑ 7.23 
1.3. Methodology Capability Quality 77.43  74.37  ↓ 3.06 
1.3.1. Methodology Suitability 83.19  83.85  ↑ 0.66 
1.3.1.1. Methodology Availability 100  100  ↔  
1.3.1.2. Method-to-Activity Completeness 82.98  84.62  ↑ 1.64 
1.3.1.3. Methodology Automated Support Availability 50  50  ↔  
1.3.2. Methodology Compliance 73.68  68.29  ↓ 5.39 
1.3.2.1. Methodology to Conceptual Base Terminological Compliance 73.68  68.29  ↓ 5.39 
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Table 6. Definitions of the three capability quality sub-characteristics. 

Calculable Concept Definition 

Process Capability Quality (1.1) Degree to which a process is suitable and appropriate for supporting and  
performing the defined actions. 

Conceptual-Framework Capability Quality (1.2) 
Degree to which a conceptual framework is suitable and appropriate for  
supporting effectively the explicit and formal specification of the main  
agreed concepts, properties, relationships, and constraints for a given domain. 

Methodology Capability Quality (1.3) Degree to which a methodology is suitable and appropriate for supporting and 
performing the process activities. 

 
Table 7. Specification for the Degree of Activities Description Availability Indirect Metric. 

Indirect Metric Specification 
Quantified Attribute name: Activities Description Availability  
Metric name: Degree of Activities Description Availability(DADA) 
Objective: Quantify how many enunciated activities in the process are described with respect to the total enunciated activities.  
Author: Fernanda Papa. Version: 0.1 
Calculation Procedure: 
Procedure specification: Apply the related function. 
Formula: 

( )
0, if TEA

DADA #MDA TEA *100, if 0A
0

TE
=

>

= 



 

Scale: Numerical.       Scale Type name: Absolute.       Value Type: Real.              Representation: Continuous 
Unit name: Percentage   Description: Value that represents a ratio of a whole.                Acronym: % 
Related Direct Metrics: Total number of Enunciated Activities (TEA)-Number of Minimally Described Activities (#MDA) 

 
this metric, which adheres to the method specification template of Table 3(b). Specifications of all metrics both 
direct and indirect are in [30], Appendix A.2. 

(A3) Implement the Measurement for Resource Quality is the instantiated activity of the quoted strategy 
pattern. For data collection, we used the most relevant documents for both GQM+ Strategies and GOCAME dis-
regarding documents that were not co-authored by at least one member of the authors of the original research. 
Moreover, we gave greater priority to the most current documents when they represented a contribution with 
regard to previous ones. The outcome of this activity is a set of Measures. For the DADA indirect metric, the 
yielded value was31.91% for GOCAME, and 24.75% for GQM+ Strategies. These values are calculated follow-
ing the calculation procedure of Table 7. 

(A4) Design the Evaluation for Resource Quality is the name of the instantiated activity, which produces 
the Indicator Specification artifact. This activity consists of defining a set of elementary indicators for attributes. 
An elementary indicator maps a measured value to a new numeric or categorical value in order to interpret the 
satisfaction level met for a given attribute. Also derived indicators are defined, which are able to interpret the sa-
tisfaction level met by characteristics and sub-characteristics. Usually, derived indicators are represented by an 
aggregation model.  

Table 8 shows the elementary indicator specification for the 1.1.1.1 attribute following the specification tem-
plate shown in Table 4. Additionally, specifications of all indicators are in [30], Appendix A.3.  

In the case study, for the interpretation of indicator values, three acceptability levels in the percentage scale 
were used. A value between [0 - 50] represents an unsatisfactory acceptability level meaning that change actions 
must be taken with high priority. A value between [50 - 75] represents a marginal level meaning that improve-
ment actions should be taken. While a value between [75 - 100] corresponds to the satisfactory level. For calcu-
lating derived indicators, the LSP (Logic Scoring of Preference) aggregation model [31] was used. LSP can be 
represented by the following equation: 

( ) ( )1 rr r r
1 1 2 2 m mDI r W *I W *I W *I= + + +  

where DI represents the derived indicator to be calculated; Ii stands for indicator value and the following holds 
0≤ Ii ≤ 100 in a percentage scale; Wi represents the weights, where: W1 + W2 + ... + Wm = 1, and Wi > 0 for i = 1 
to m; and, r is a LSP parameter [31]. 
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Table 8. Specification for the performance of activities description availability elementary indicator. 

Elementary Indicator Specification 
Interpreted Attribute name: Activities Description Availability 
Indicator name: Performance of Activities Description Availability (P_ADA). Author: Fernanda Papa. Version: 0.1 
Elementary Model: 
Elementary Model specification: 
P_ADA = DADA 
Decision Criteria:  
f0 ≤ P_ADA < 50:  “Unsatisfactory level” means that change actions must be taken with high priority. 
50 ≤ P_ADA < 75:  “Marginal level” means that improvement actions should be taken. 
75 ≤ P_ADA ≤ 100:  “Satisfactory level” means a satisfactory quality of the property analyzed. 
Scale: Numerical Scale Type name: Absolute. Value Type: Real Representation: Continuous 
Unit: Name: Percentage. Description: Value that represents a ratio of a whole. Acronym: % 

 
(A5) Implement the Evaluation for Resource Quality. From the measures obtained in the A3 activity and 

using the selected indicators in A4, the A5 activity was executed in 2010. Table 9 shows a fragment of results 
for both evaluated strategies. 

(A6) Analyze and Recommend for Resource Quality is the last activity instantiated of the GoME_1QV 
strategy pattern. As a result, this activity produced the Recommendation Report artifact, which includes one or 
more recommendations for attributes that did not meet the Satisfactory level, i.e., for attributes with red-or yel-
low-colored indicator values. Improvement recommendations arise from GOCAME values with weak perfor-
mance in addition to GQM+ Strategies indicator values with stronger performance. Although the global satisfac-
tion level achieved for GQM+ Strategies (45.89%) is lower than GOCAME (66.48%), the former has some 
well-scored elementary indicators that can be taken into account when planning improvements for GOCAME. 
For example, if we compare in Table 9 the 1.1.3.4 Organizational Perspective Suitability values for both strate-
gies, the recommendation for GOCAME can take into account the GQM+ Strategies strengths for this capability.  

In summary, Table 9 shows that due to the 66.48 global value for GOCAME’s Capability Quality actions for 
improvement should be performed. Specifically, it can be seen that 1.1. Process Capability Quality is the only 
sub-characteristic which met a marginal value of 58.88%.Looking closer at its 1.1.1. Activities Suitability and 
1.1.2. Artifact Suitability sub-characteristics, many attributes whose values are marginal or unsatisfactory must 
be changed. 

Table 10 shows three recommendations given for the 1.1.1.1. Activities Description Availability attribute, 
which scored 31.91%. Note that the table also specifies the priority for change. 

In conclusion, we have summarized the six activities belonging to the GoME_1QV strategy pattern. This case 
study first allowed us to understand the GOCAME strengths and weaknesses in 2010. From the issued recom-
mendation report, we decided hereafter to perform changes for improvement. Using the GoMEC_1QV strategy 
pattern, we decided to perform two cycles of improvements. The first cycle for improvement was devoted to 
change the low benchmarked indicators for the 1.1. Process Capability Quality. While the second cycle for im-
provement was mainly devoted to change the 1.2. Conceptual-Framework Capability Quality by enhancing the 
ME ontology [3]. In the next sub-section, we describe the two new activities of the GoMEC_1QV strategy pat-
tern by addressing the improvement cycle as a whole. 

5.2. Applying GoMEC_1QV 
This strategy pattern consist of a generic process with eight activities as depicted in Figure 7. As commented 
before, both strategy patterns share the A1-A6 activities. However, GoMEC_1QV has activities for planning and 
performing changes also being able to realize re-evaluation and improvement cycles. 

In order to improve the GOCAME Capability Quality the A7 and A8 activities are instantiated. Now, the 
purpose of the A1’s information need is to “improve” the “Capability Quality” from the “SQA leader” user 
viewpoint. For repeatability and comparability reasons [32], the used requirements tree, metrics and indicators 
were the same that in the first (2009) study. Table 5 presents the full requirements tree in addition to the yielded 
elementary and derived indicator values for the GOCAME evaluations in 2010 and 2014, respectively. Also in 
[5] was presented the yielded elementary and derived indicator values for the first (2011) improvement cycle. 

(A7) Design Change Actions for Resource Quality is the next activity specified in GoMEC_1QV that 
should be instantiated for change. The work product of this activity is the Improvement Plan. A fragment of this 
artifact is shown in Table 11. Basically, per each recommendation (R) in Table 10, a set of planned change  



M. F. Papa et al. 
 

 
143 

Table 9. Fragment of the requirements tree with the yielded indicator values in [%] performed in 2010 for both GOCAME 
and GQM+ Strategies. 

Requirements Tree GOCAME GQM+ Strategies 

1. Capability Quality (for an integrated ME strategy) 66.48  45.89  

1.1. Process Capability Quality 58.88  54.34  

1.1.1. Activities Suitability 46.67  38.37  

1.1.1.1. Activities Description Availability 31.91 
 

24.75 
 

1.1.1.2. Activities Description Completeness 15.47 
 

14.40 
 

1.1.1.3. Process Breakdown Structure Granularity 70 
 

70 
 

1.1.1.4. Activities Description Formality 100 
 

61.39 
 

1.1.1.5. Role-to-Activity Allocation Availability 0 
 

17.82 
 

1.1.2. Artifacts Suitability 3 
 

31.58 
 

1.1.2.1. Artifacts Description Availability 0 
 

27.59 
 

1.1.2.2. Artifacts Description Completeness 0 
 

26.96 
 

1.1.2.3. Artifacts Breakdown Structure Granularity 30 
 

70 
 

1.1.3. Process Modeling Suitability 83.56 
 

70.70 
 

1.1.3.1. Functional Perspective Suitability 88 
 

76.42 
 

1.1.3.2. Informational Perspective Suitability 82.13 
 

74.97 
 

1.1.3.3. Behavioral Perspective Suitability 88 
 

60.42 
 

1.1.3.4. Organizational Perspective Suitability 0 
 

63.78 
 

1.1.4. Process Compliance 85.79 
 

71.11 
 

1.2. Conceptual-Framework Capability Quality 75.09 
 

35.82 
 

1.2.1. Conceptual Framework Suitability 75 
 

25 
 

1.2.2. Conceptual Base Suitability 68.53 
 

18.53 
 

1.2.3. Conceptual Framework Compliance 84.31 
 

81.82 
 

1.3. Methodology Capability Quality 77.43 
 

57.35 
 

1.3.1. Methodology Suitability 83.19 
 

51.88 
 

1.3.2. Methodology Compliance 73.68 
 

61.11 
 

 
Table 10. Fragment of the Recommendation Report artifact generated in the instantiated A6 activity. (Note: H means High, 
i.e, an urgent action is recommended). 

ID Recommendation (R) Attribute Priority 

R01 
To ensure that all enunciated activities have a description. Note: An activity is 
enunciated when it has a unique name or label and belongs to the process under 
analysis.  

1.1.1.1. Activities Description 
Availability H 

R02 
To ensure that all enunciated activities are completely described. Note: An activity 
is completely described when it has an explicit and textual specification of  
objective, description, role, pre-condition, post-condition, input and output, etc. 

1.1.1.2. Activities Description 
Completeness H 

 
Table 11. Excerpt of the Improvement Plan artifact produced in the instantiated A7 activity. 

ID Change Action (CA) Change Action source Method 

CA01 1. Identify each activity and name it uniquely. 
2. Provide a description for each enunciated activity. 

Use the Measures/Measurement registry for 
1.1.1.1 to find all activities without  
descriptions. 

Document updating 

CA02 
1. Specify a template with the required metadata for 
a completely described activity. 
2. Fill the template for each enunciated activity. 

Use the Measures/Measurement registry for 
1.1.1.2 to find the activities that are not  
completely described. 

Template designing 
Document updating 
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actions (CA) are identified in addition to the CA source, and method type. Issues to take into account for de-
signing the plan are for example: 1) the quality characteristics and sub-characteristic related to the capabilities of 
the entity to be improved; 2) the definition of attributes and metrics as well as the measured values that may help 
to identify the causes of the problem and their solutions; 3) the definition of indicators and their values in order 
to establish priorities. 

(A8) Implement Change Actions for Resource Quality is devoted to implement the planned actions in the 
A7 activity. The produced artifact is a new version of the strategy. The last updated strategy was named 
GOCAME version 2. As commented above, changes were focused on the Process and Conceptual-Framework 
capabilities. Table 12 summarizes these changes. 

After changes were implemented, the new strategy version was re-evaluated. To this aim, A3, A5 and A6 ac-
tivities were performed again. Table 5 shows, in the 3rd column, the outcomes of the re-evaluation made in 2014. 
Note that results can be compared with the first GOCAME version (2nd column), since we used the same non-
functional requirements, metrics and indicators specifications. The analysis activity conducted after the re-eval- 
uation shows that the Capability Quality increased 7.39 points (4th column) reaching to a some extent the goal of 
improving the GOCAME strategy. This gain stems from the significant increase in the Process Capability Qual-
ity (22.79 points), and to a lesser extent, in the increase of the Conceptual-Framework Capability Quality (2.51 
points). 

An unexpected result was in the Methodology Capability Quality indicator, which suffered a small decrease 
of 3.06 points. While changes were not performed on this capability, its indicator value was impacted negatively 
by changes made on the Conceptual-Framework Capability. One reason is that the new terms introduced in the 
conceptual framework were not totally spread out in the methodology. 

As the reader may surmise, new improvement cycles to the GOCAME strategy using the GoMEC_1QV pat-
tern should be planned, since the yielded value is still 73.87, which implies opportunities for enhancements. 

6. Concluding Remarks 
As commented in the Introduction Section, we have developed in 2008 an integrated ME strategy so-called 
GOCAME which relies on three capabilities: the C-INCAMI conceptual frame work, the ME process perspec-
tive specifications, and the method specifications. At that moment, after its development, we decided to under-
stand the quality of this resource and compare it with well-established strategies such as GQM+ Strategy. In Sec-
tion 4, we have thoroughly discussed a strategy pattern that is able to support evaluation-driven changes. We 
think that strategy patterns can be conceived as a new category of patterns, likewise analysis or design patterns 
are dealt as categories too. 
 
Table 12. Main changes made to the process and conceptual framework capabilities. 

Characteristic Previous situation (2010) Change made (2010-2014) 

Process Capability (1.1) 

Availability and completeness of 
the activities description were 
evaluated as unsatisfactory. 

A template was designed to describe the activities and tasks of the 
process with the following information: Name, Purpose, Code, 
Process Model Perspective, Description, Inputs, Outputs, 
Pre-conditions, Post-conditions, Roles, and optionally Methods and 
Tools. All activities, sub-activities and tasks of the process were 
described using this template. 

The Role to Activity  
Allocation Availability and the 
Organizational Perspective 
Availability were evaluated as 
unsatisfactory. 

The roles involved in the ME activities were specified and defined. 
Per each activity a role was assigned. The ME process was modeled 
from the organizational perspective. 

Availability and completeness of 
the artifacts description were 
evaluated as unsatisfactory. 

A template was designed to describe the process artifacts with the 
following information: Name, Purpose, Description, Activity that 
produces it, and consumes it. Some artifacts were modeled from the 
informational perspective. 

The artifacts granularity was 
evaluated as marginal. 

Artifacts of the process were analyzed and sub-divided by increasing 
their granularity. 

Conceptual Framework 
Capability Quality (1.2) 

The Conceptual Base  
Completeness was evaluated as 
unsatisfactory. 

A process generic ontology was defined for enriching the ME  
domain ontology by using stereotypes. 
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Particularly, in Section 5, we have illustrated the instantiation of the GoME_1QV and GoMEC_1QV strategy 
patterns for a resource quality view. This resource is the GOCAME strategy, which can be used to support SQA 
activities. We have specifically analyzed the improvement of the GOCAME strategy after applying two im-
provement cycles, which drew a global gain of 7.39 points. Basically, the gain in the Capability Quality charac-
teristic was achieved by changing some Process Capability Quality and Conceptual-Framework Capability 
attributes. 

For the sake of concluding, a ME/MEC strategy pattern is a way of packaging general and reusable solutions 
for common and recurrent measurement, evaluation and change/improvement problems or situations for specific 
projects’ goals. Moreover, according to the project goal and the amount of involved quality views a strategy 
pattern should be selected and then instantiated. 

As future lines of research, we envision the development of a strategy pattern recommender system as a prac-
tical use of the quality views ontology (illustrated in sub-section 3.1) in the context of our holistic quality evalu-
ation approach. The recommender system can be useful when an organization establishes ME/MEC project 
goals. Hence, taking into account the type of project goal and the amount of involved quality views, the strategy 
pattern recommender system will suggest the suitable pattern that fits that goal. Additionally, we started to work 
on a conceptual base that links ME information needs with business goals, in order to be able to develop strate-
gies that support goals at different organizational levels, such as operational, tactical and strategic. It is impor-
tant to remark that this multi-level goal feature was not assessed in this study, even though it was an existing 
feature in the GQM+ Strategy approach. 

Lastly, as mentioned in sub-section 3.2 an integrated strategy simultaneously supports three capabilities, be-
ing one of them the ME conceptual base and framework. We have discussed in [3] [4] [33] the rationale for in-
troducing or adapting some terms from ISO 15939 [24]. The terminology in [24] was widespread used in the 
new series of SQuaRE (Software Product Quality Requirements and Evaluation) documents and in many works 
such as [20] [23] [24], to quote just a few. Considering this issue, we will review our ontology in order to eva-
luate the terminological adherence to SQuaRE documents. 
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