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ABSTRACT 
Software organizations have increased their interest on 

software process improvement (SPI). In high maturity levels, 

SPI involves implementing statistical process control (SPC), 

which requires measures and data that are suitable for this 

context. However, this has been pointed in the literature as 

one of the main obstacles for a successful implementation of 

SPC in SPI efforts. This paper presents an instrument for 

evaluating the suitability of measurement repositories in 

order to support software organizations implementing SPC. 

Categories and Subject Descriptors 

D.2.8 [Software Engineering]: Metrics – performance 

measures, process measures, product measures. 

General Terms 

Measurement. 

Keywords 

Measurement, Statistical Process Control, High Maturity. 

1. INTRODUCTION 
Statistical process control (SPC) was originally developed in 

the manufacturing area, aiming to support improvement 

programs [17]. In the context of software organizations, the 

use of the SPC can be considered recent, so there are still 

many doubts about it [5, 6]. 

Real cases of SPC implementation on software organizations 

have revealed a picture characterized by problems and 

situations that jeopardize the successful implementation of 

SPC [4, 11, 19, 21, 22]. The unsuitability of the defined 

measures and collected data is one of the main problems. It 

delays the SPC implementation, because firstly the measures 

should be adapted and only then the SPC techniques could be 

applied [8, 12, 13, 14, 19, 22]. 

In high maturity levels, such as levels 4 and 5 of CMMI 

(Capability Maturity Model Integration) [7], or levels A and B 

of the MR MPS.BR (Reference Model for Brazilian Software 

Process Improvement [16] SPC occurs after a measurement 

program has been institutionalized (a requirement of CMMI 

level 2 and MPS.BR level F). As a result of the measurement 

program, measures and data are stored in an organizational 

measurement repository. It is expected that these measures 

and data be suitable to be used in the SPC. However, as it was 

said before, generally this is not the case. 

This paper presents an Instrument for Evaluating the 

Suitability of a Measurement Repository to SPC (IESMR). 

The paper is organized as follows: Section 2 presents a brief 

theoretical background about SPC; Section 3 describes the 

development of the instrument; Section 4 presents the IESMR; 

Section 5 presents some results from one practical experience 

using the IESMR, Section 6 discusses related works; and 

finally Section 7 presents the final considerations of this 

paper.  

2. STATISTICAL PROCESS CONTROL 
The growing market demands for better software products and 

services has increased the interest of software organizations in 

process improvement [10]. There are several software process 

improvement (SPI) frameworks, such as CMMI [7] and MR 

MPS.BR [16] and in almost all of them measurement plays an 

important role. 

In order to use measurement for SPI at high maturity levels, 

new concepts and practices should be added to the traditional 

measurement programs. SPI in high maturity levels requires 

knowing the behavior of critical processes, determining their 

performance in previous executions, and so predicting their 

performance in current and future projects, checking if they 

will be able to achieve the established goals. In this context, 

SPI is carried out applying statistical process control (SPC) 

techniques. 

SPC uses statistical tools to determine if a process is under 

statistical control [17]. A process is considered under 

statistical control if its behavior (described by collected data 

regarding performance measures defined for the process) is 

stable. That is, if its variations are within the expected limits, 

determined from historical data. A stable process has 
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repeatable behavior and it is possible to predict its 

performance in future executions and, thus, to elaborate 

realistic plans and to improve the process continuously. On 

the other hand, a process whose variations are out of the 

expected limits is considered an unstable process and the 

causes of these variations (called special causes) must be 

investigated and treated through improvement actions, which 

aim to stabilize the process [9]. Stabilizing their critical 

processes is a characteristic of high maturity organizations or 

organizations that are looking forward to achieve the highest 

maturity levels. 

3. DEVELOPMENT OF THE 

INSTRUMENT 
Figure 1 shows an overview of the development steps of the 

Instrument for Evaluating the Suitability of a Measurement 

Repository to SPC (IESMR). 

 

Figure 1. Development of the IESMR. 

Initially we carried out a study based on systematic review of 

the literature from which we obtained two lists of finds: (i) list 

of factors related to the measurement process and/or measures 

that positively influence on SPC implementation (these factors 

were called characteristics in the study); and (ii) list of factors 

that negatively influence on SPC implementation (these 

factors were called problems in the study). From these lists, 

we identified a set of requirements for using a software 

measure in SPC. Due to the space limitations, the study based 

on systematic review is not detailed in this paper. 

The set of requirements identified was used as basis for 

creating the first version of the IESMR. This first version was 

a checklist for evaluating a measure and its collected data to 

determine if the measure was suitable to SPC. This version of 

the IESMR was used to evaluate the measurement repositories 

of two software organizations. The main goal of these 

evaluations was to verify if the identified requirements were 

correct. For this, two questions were asked during the 

evaluations: 

(a) Can a measure that fulfills the IESMR requirements 

actually be used in SPC? 

(b) Is a measure that does not fulfills the IESMR requirements 

really unsuitable for SPC? 

To answer these questions, first, the measures and the 

collected data were evaluated using the IESMR Then, the data 

collected for the evaluated measures were plotted in control 

charts. As result, we observed that the measures considered 

suitable to SPC, according to the IESMR, could be correctly 

plotted in control charts and they actually provided useful 

information about the performance of the processes. In 

contrast, the measures considered unsuitable to SPC by 

IESMR could not be plotted in control charts, or when they 

could be plotted, they did not describe the process 

performance and did not provide relevant information related 

to organizational goals. 

Despite the fact that the initial results have shown that the set 

of requirements identified was correct, we noticed that the 

IESMR should be restructured. This was necessary because, to 

carry out the evaluation of the organizational measurement 

repositories, besides evaluating the measures and the collected 

data, it was also necessary to evaluate the Measurement Plan 

and the measurement repository structure.  

So, we evolved the IESMR to four checklists: (i) checklist to 

evaluate the Measurement Plan, (ii) checklist to evaluate the 

measurement repository structure, (iii) checklist to evaluate 

the defined measures, and (iv) checklist to evaluate the 

collected data for the measures. Besides this change, in this 

version we described procedures for evaluating each 

requirement and the possible corrective actions to be taken 

when a requirement is not fulfilled. 

The IESMR second version was used to evaluate the 

measurement repository of a third organization. This 

experience revealed the need for some minor adjustments in 

IESMR, basically related to the wording of the IESMR, 

aiming to improve its understanding. 

Finally, whereas the evaluation of a measurement repository is 

somewhat subjective, we included in the IESMR some 

principles of Fuzzy Logic to determine the suitability degree 

of a measurement repository to SPC. This change resulted in 

the IESMR current version, which is presented in the next 

section. 

The IESMR is part of a strategy defined to support 

organizations to obtain and maintain measurement repositories 

suitable for SPC, as well as to perform measurements 

appropriately for it [1]. One of the components of this strategy 

is the Software Measurement Ontology [1, 2]. This ontology 

provides the conceptualization involved in the software 

measurement domain, including traditional and high maturity 

aspects. It establishes a common vocabulary to software 

measurement and provides useful knowledge about this 

domain. The IESMR was built based on the Software 

Measurement Ontology. 

4. THE INSTRUMENT 
According to the proposed Instrument for Evaluating the 

Suitability of a Measurement Repository to SPC (IESMR), the 

evaluation of a measurement repository consists of the 

evaluation of four items: (i) the Measurement Plan, (ii) the 



measurement repository structure, (iii) the defined measures, 

and (iv) the data collected for these measures.  

It is important to notice that, according to the approach for 

software process improvement in high maturity levels, only 

processes that are critical to the organizational goals must be 

submitted to SPC. So, it is desirable that the organization 

identifies these processes before carrying out the evaluation, 

in order to avoid evaluating measures that are not related to 

these processes.  

Figure 2 shows an overview of the IESMR. 

 

Figure 2. Overview of the IESMR 

Each item considered by the instrument is evaluated by a 

checklist composed by a set of requirements. The evaluation 

of an item against each requirement can produce one of the 

following results: 

(i) Satisfied: the item satisfies totally the requirement and 

any corrective action is necessary.  

(ii) Largely Satisfied, Reasonably Satisfied or Precariously 

Satisfied: the item does not completely satisfy the 

requirement, but it is possible to perform actions to adapt 

it in order to satisfy the requirement and, consequently, to 

allow the use of the evaluated item in the SPC. The level 

of satisfaction (largely, reasonably or precariously) is 

related to the required effort to perform the actions that 

will make the item meets the requirement. The more effort 

is necessary, the less the satisfaction level will be. 

(iii)  Dissatisfied: the item does not satisfy the requirement 

and there are no possible actions to adapt it for being used 

in the SPC. Thus the item should be discarded. 

When the result of a requirement is Largely Satisfied, 

Reasonably Satisfied or Precariously Satisfied, Actions for 

Suitability are suggested. These actions are guidelines 

provided for correcting the item so that it could be used in 

SPC. 

The results of an evaluation of a measurement repository are 

registered in a document called Evaluation Diagnosis. It 

includes, besides the detailed evaluation of each item, 

suggestions of actions for possible adaptation and the degree 

of suitability of the measurement repository to SPC, informed 

as a percentage.  

4.1 IESMR Checklists 
Tables 1 to 4 present the IESMR checklists. The checklists to 

evaluate the Measurement Plan (Table 1) and the 

measurement repository structure (Table 2) are applied only 

once during an evaluation of a measurement repository. 

Checklists to evaluate the measures (Table 3) and the 

collected data (Table 4) must be applied once for each 

measure evaluated. The possible answers for a requirement in 

a checklist are:  S = Satisfied; LS = Largely Satisfied; RS = 

Reasonable Satisfied; PS = Precariously Satisfied; D = 

Dissatisfied; NE = It could not be evaluated. 

Table 1. Checklist to evaluate the Measurement Plan. 

Requirements Evaluation 

1. The Organizational Measurement Plan is 
aligned to the organization goals. 

S LS RS PS D NE 

1.1 The organization business goals that are 
relevant to measurement are registered in the 
Measurement Plan. 

S LS RS PS D NE 

1.2 The measurement goals are registered in 
the Measurement Plan and they are correctly 
associated to the organization business goals. 

S LS RS PS D NE 

1.3 The information needs for monitoring the 
measurement goals are identified. 

S LS RS PS D NE 

1.4 The measures able to supply the useful 
information needs to monitor the 
measurement goals are identified and 
properly associated. 

S LS RS PS D NE 

 

Table 2. Checklist to evaluate the Measurement Repository 

Structure. 

Requirements Evaluation 

1. The measurement repository is well 
structured and allows measures to be 
integrated to the processes and activities of the 
organization. 

S LS RS PS D NE 

1.1 The measurement repository structure 
allows the defined measures to be related to 
processes and activities of the organization in 
which the measurement must be carried out. 

S LS RS PS D NE 

 1.2 The measurement repository is unique or 
it is composed by several correctly integrated 
sources. 

S LS RS PS D NE 

2. The projects are characterized satisfactorily. S LS RS PS D NE 

3. A mechanism for identifying similarity 
between projects is established. 

S LS RS PS D NE 

4. It is possible to identify the version of the 
processes executed in the projects. 

S LS RS PS D NE 

5. It is possible to store and to retrieve the 
context information of the collected measures. 

S LS RS PS D NE 

For each collected measure, it is possible to store and to retrieve: 

5.1 Measurement moment (process and 
activity in which the measurement was 
carried out) 

S LS RS PS D NE 

5.2 Measurement conditions (relevant data 
about the execution of the process or project 
at the moment of the measure collection). 

S LS RS PS D NE 

5.3 Performer of the measurement. S LS RS PS D NE 

5.4 Project in which the measure was 
collected. 

S LS RS PS D NE 

5.5 Characteristics of the project in which 
the measure was collected. 

S LS RS PS D NE 



Table 3. Checklist to evaluate Measures. 

Item: Measures               Measure Evaluated:________________ 

Requirements Evaluation 

1. The operational definition of the measure 
is correct and satisfactory.  

S LS RS PS D NE 

The operational definition of the 
measure correctly includes: 

 

1.1 Measure Definition S LS RS PS D NE 

1.2 Measured Entity S LS RS PS D NE 

1.3 Measured Property S LS RS PS D NE 

1.4 Measure Unity S LS RS PS D NE 

1.5 Scale Type S LS RS PS D NE 

1.6 Scale Values S LS RS PS D NE 

1.7 Expected Interval for the Data S LS RS PS D NE 

1.8 Formula(s) (if applicable) S LS RS PS D NE 

1.9 Precise Description of the 
Measurement Procedure 

S LS RS PS D NE 

1.10 Responsible for the Measurement S LS RS PS D NE 

1.11 Measurement Moment S LS RS PS D NE 

1.12 Measurement Periodicity S LS RS PS D NE 

1.13Precise Description of the 
Measurement Analysis Procedure (if 
essential) 

S LS RS PS D NE 

1.14 Responsible for the  Analysis (if 
essential) 

S LS RS PS D NE 

1.15 Analysis Moment (if essential) S LS RS PS D NE 

1.16 Analysis Periodicity (if essential) S LS RS PS D NE 

2. The measure is aligned to the projects 
goals and/or organization goals. 

S LS RS PS D NE 

The measure is associated to:  

2.1 Organization goals. S LS RS PS D NE 

2.2 Project goals. S LS RS PS D NE 

3. The measure analysis results are relevant 
for making decisions. 

S    D NE 

4. The measure analysis results are useful to 
the process improvement. 

S    D NE 

5. The measure is related to the 
performance of a process. 

S    D NE 

6. The measure is related to a critical 
process. 

S    D NE 

7. The measure is associated to an activity or 
process that produces measurable items. 

S    D NE 

8. The related measures are defined. S LS RS PS D NE 

9. The related measures are valid. S LS RS PS D NE 

10. The measure has appropriate granularity 
level. 

S LS RS PS D NE 

11. It is possible to normalize the measure (if 
applicable). 

S LS RS PS D NE 

12. The measure is correctly normalized (if 
applicable). 

S LS RS PS D NE 

13. The data grouping criteria for measure 
analysis are defined. 

S LS RS PS D NE 

14. The measure does not consider 
aggregated data. 

S LS RS PS D NE 

Table 4. Checklist to evaluate the Data Collected to the 

Measures. 

 

Item: Collected Data     Measure Evaluated:________________ 

Requirements Evaluation 

1. The collected data for measure are 
known and have accessible location. 

S LS RS PS D NE 

2. There is sufficient volume of collected 
data. 

S    D NE 

3. There is no lost data for the measure or 
the quantity of lost data does not 
compromise the analysis. 

S LS RS PS D NE 

4. The collected data are precise. S LS RS PS D NE 

5. The collected data are consistent. S LS RS PS D NE 

Characteristics of the collected data: S LS RS PS D NE 

5.1 The data were collected at the 
same moment of the execution of the 
process along the projects. 

S LS RS PS D NE 

5.2 The data were collected under the 
same conditions. 

S LS RS PS D NE 

5.3 The data compose relatively 
homogeneous groups. 

S LS RS PS D NE 

6. The data that describe the collection 
context of the measure are stored. 

S LS RS PS D NE 

The following items are stored:  

6.1 Measurement moment (process 
and activity in which the 
measurement was carried out). 

S LS RS PS D NE 

6.2 Measurement conditions (relevant 
data about the execution of the 
process or project at the moment of 
the collection of the measure). 

S LS RS PS D NE 

6.3 Performer of the measurement. S LS RS PS D NE 

6.4 Project in which the measure was 
collected. 

S LS RS PS D NE 

6.5 Characteristics of the project in 
which the measure was collected. 

S LS RS PS D NE 

 

4.2 Evaluating the Fulfillment of the 

IESMR Requirements 
As shown in the previous tables, most of the requirements of 

the IESMR can produce one of the following results: Satisfied, 

Largely Satisfied, Reasonably Satisfied, Precariously Satisfied 

or Dissatisfied. Only a few ones (requirements 3 to 7 in Table 

3, and requirement 2 in Table 4) have as possible results 

Satisfied or Dissatisfied. In these cases, there is no possibility 

of partial fulfillment of the corresponding requirement, since 

there are no possible actions for correcting it. For example, 

the requirement "The measure is related to the performance of 

a process" (requirement 5 of Table 3) is satisfied or not. If a 

measure does not describe the performance of a process, there 

is nothing that can be done to use it in the SPC. 

In order to guide the evaluation, for each requirement, we 

provided a description of what a possible answer means. For 

instance, concerning the requirement "The projects are 

characterized satisfactorily" (requirement 2 of Table 2), the 

following descriptions are provided: 



 Satisfied: The project characterization is explicit. That 

is, there is a characterization schema formally defined 

and implemented in the measurement repository 

structure, taking basis on relevant criteria that enable 

the organization to identify the profiles of projects that it 

develops. The subsets composed by projects with the 

same profile (that is, projects of which criteria of 

characterization have the same values) are 

homogeneous. 

 Largely Satisfied: The project characterization is 

explicit, but it requires some additional criteria. These 

criteria can be identified from data of projects stored in 

the measurement repository, interviews with projects 

members and projects documents. 

 Reasonably Satisfied: The project characterization is 

explicit, but it requires many additional criteria. These 

criteria can be identified from data of projects stored in 

the measurement repository, interviews with projects 

members and projects documents. 

 Precariously Satisfied: The project characterization is 

implicit. That is, there is no formal characterization of 

the projects, but it is possible to identify a 

characterization by analyzing data of projects stored in 

the measurement repository, carrying out interviews 

with projects members and projects documents. 

 Dissatisfied: There is no explicit characterization, or it 

is inadequate, and it is not possible to identify criteria to 

determine a satisfactory characterization analyzing the 

data of projects stored in measurement repository, 

carrying out interviews with projects members or 

analyzing projects documents. 

Note: Some requirements are decomposed into sub-

requirements (e.g. requirement 6 of Table 4). The result of 

their evaluation is obtained from an aggregation of the results 

of the evaluation of their sub-requirements, as discussed in 

subsection 4.4. 

4.3 Actions for Suitability to the IESMR 

Requirements 
If the result of the evaluation of a requirement is Largely 

Satisfied, Reasonably Satisfied or Precariously Satisfied, 

actions for suitability are suggested, aiming to support the 

organization to change the evaluated item to fulfill the 

requirement. So, for each requirement, we identified potential 

problems and actions for suitability. For instance, to the 

requirement 2 of Table 2, discussed in the previous 

subsection, the following potential problems and actions for 

suitability were identified: 

 Problem I: The projects have an implicit 

characterization in the measurement repository. 

Actions for Suitability: (a) Define explicitly the 

projects characterization by analyzing data of projects 

that are stored in the measurement repository. For this, 

it is necessary to identify the data that describe 

characteristics of the executed projects, such as size, 

constraints, team features, technologies, development 

paradigm, application domain, project type etc. (b) 

Restructure the measurement repository making the 

identified characterization criteria explicit in classes and 

properties. (c) Record the characterization data of the 

projects in the restructured measurement repository 

appropriately.  

 Problem II: The projects do not have characterization 

(implicit or explicit) in the measurement repository. 

Actions for Suitability: Set up a characterization based 

on the analysis of documents and interviews with people 

related to the projects. For example, project managers 

can provide relevant information about characteristics of 

the executed projects, such as technologies, development 

paradigm, project type, considered constraints and so on. 

This action must be followed by the actions (b) and (c) 

cited above.  

 Problem III: The explicit characterization of the 

projects requires additional criteria. 

Actions for Suitability: Refine the project 

characterization, identifying new criteria. This can be 

realized carrying out the actions cited on problems I and 

II. 

4.4 Degree of Suitability of a Measurement 

Repository to SPC 
The evaluation results from each requirement in a checklist 

determine the suitability of the corresponding item to SPC. 

For example, the results from requirements 1 to 5 in Table 2 

are used to determine the suitability of the measurement 

repository structure to SPC. Based on the suitability of the 

four items considered in the IESMR (Measurement Plan, 

measurement repository structure, measures and collected 

data), the suitability of the measurement repository to SPC is 

determined. Organizations can use the degree of suitability of 

their measurement repositories as basis for deciding if it is 

better to fix a repository or to develop a new one. 

However, a new problem arose: How could be the individual 

results from the checklist requirements used for computing the 

suitability of a measurement repository as a whole? To solve 

this problem, we used principles of Fuzzy Logic and Fuzzy Set 

Theory in order to, from the subjective individual results from 

the checklists requirements, obtain a single value that 

represents the degree of suitability of the measurement 

repository to SPC. For this we followed the steps of fuzzy 

reasoning: fuzzification, fuzzy inference and defuzzification 

[15].  

Initially we carried out the fuzzification of the input and 

output values. That is, the linguistic variables related to inputs 

and outputs were identified, their linguistic terms were 

determined and the corresponding membership functions were 

defined. 

Input values are the results of the evaluation of each IESMR 

requirement and are represented by the linguistic terms: 

Satisfied, Largely Satisfied, Reasonably Satisfied, 

Precariously Satisfied and Dissatisfied. Output values are the 

possible levels of suitability of an item to SPC and are 

represented by the linguistic terms Suitable, Largely Suitable, 

Reasonably Suitable, Precariously Suitable or Unsuitable. For 

each input and output value we determined its membership 

function. A membership function indicates the degree of 

pertinence of an element to a fuzzy set. We defined the 

membership functions as triangular functions represented by 



(a, b, c). a and c determine the points where the degree of 

pertinence is zero and b indicates the point where the degree 

of pertinence is maximum. For example, for the linguistic 

term Largely Satisfied, we determined the membership 

function (2.0, 3.0, 4.0) and for the linguistic term Largely 

Suitable we determined the membership function (50, 75, 

100). Due to space limitations, as an example, we present 

here only the membership functions of one input value and 

one output value. 

After the fuzzification, we defined the rules for the fuzzy 

inference. Considering the large number of input variables and 

the variety of possible combinations, we concluded that 

defining IF-THEN rules was inappropriate to cover all 

possible combinations of inputs. We decide then to use the 

OWAAVERAGE operator (Ordered Weighted Average) [23] to 

carry out the aggregation of the fuzzy input variables into a 

single fuzzy output value. For this, for each input linguistic 

term, we associated a numeric value, as follows: 4 - Satisfied, 

3 - Largely Satisfied, 2 - Reasonably Satisfied, 1 - 

Precariously Satisfied, 0 - Dissatisfied. The aggregate 

resulting from several input linguistic terms (remember that 

an input linguistic term is the result of an evaluation of a 

IESMR requirement) is the average of their numeric values. 

To evaluate each item, in addition to the use of OWAAVERAGE, 

we established the following rule R: If the note corresponding 

to an input linguistic term is 0, then the aggregation is also 0. 

This rule means that if any requirement of an item is 

evaluated as Dissatisfied, the item will be considered 

Unsuitable to SPC. This rule was defined because, when a 

requirement is evaluated as Dissatisfied, there are no possible 

actions for suitability to fit the evaluated item in SPC, so the 

item must be discarded, even if it satisfies the other 

requirements. If an item has a requirement evaluated as 

Dissatisfied, it can be rebuilt. However, it cannot be fixed. 

Therefore, not fulfilling a single requirement makes the item 

Unsuitable to SPC.  

Since some requirements are decomposed into sub-

requirements (for example, requirement 1 in Table 2 is 

decomposed into sub-requirements 1.1 and 1.2), we should 

first determine the aggregated result of the composed 

requirements, using OWAAVERAGE and the rule R, as shown in 

Figure 3. 

 

 

Figure 3. Evaluation of composed requirements. 

 

Once the results of the composed requirements have been 

determined, the results from the requirements are aggregated 

(also applying OWAAVERAGE and the rule R) to get the 

aggregated value of each item. Finally, the suitability of the 

measurement repository as a whole is computed as the average 

of the aggregated scores of the items. Figure 4 shows the 

procedure adopted for determining the suitability of a 

measurement repository. 

 

Figure 4. Procedure adopted to obtain the value of the 

suitability of a measurement repository. 

After obtaining a unique fuzzy output (Result of the 

Evaluation of the Measurement Repository in Figure 4), we 

applied the Centroid Defuzzification method [18] to determine 

the corresponding crisp value (that is, the single value) that 

represents the degree of suitability of the measurement 

repository. It is worth pointing out that it is also possible to 

obtain the degree of suitability of each item, individually, 

performing the defuzzification of the values of their evaluation 

results. 

The implementation of the principles of Fuzzy Logic and 

Fuzzy Sets to determine the suitability of a measurement 

repository was carried out with the support of MATLAB 

R2007a1. 

It is important to emphasize that the solution adopted is an 

initial fuzzy solution and it is not considered a fuzzy optimal 

solution. The proposed solution will be refined in future 

opportunity, considering, for example, weights for the 

requirements, assigned by experts, and calibrations 

considering results of practical experiences. 

5. Practical Experiences using IESMR 
At the end of 2008, the software organization X (for the sake 

of confidentiality we omitted the real name), evaluated CMMI 

level 2 in the same year, starts to implement the practices 

required by CMMI level 3, planning to achieve this level in 

2009. Although it is not a requirement for level 3, they want 

to anticipate the adjustment of measures and data to 

implement the SPC in the next future (to fulfill the CMMI 

                                                             

1 Available in http://www.mathworks.com. 



level 4 requirements). Thus, during the level 3 

implementation, we carried out an evaluation of the 

measurement repository of this organization. 

First, we evaluated the Measurement Plan. It was developed 

relating business goals, measurement goals, information needs 

and measures, using the Goal Question Metric paradigm [3]. 

The Measurement Plan was composed by 4 business goals and 

22 measurement goals, of which 20 dealt with process 

monitoring. The plan was stored in electronic spreadsheets. 

During the evaluation of the Measurement Plan, we found 

problems in some measurement goals, information needs and 

measures, as well as in the relationship between them. Thus, 

applying the actions for suitability present in IESMR, we 

suggested that they revise the Measurement Plan in order to 

delete, add or change measurement goals, information needs 

and measures and to correct the relationships between these 

elements. Figure 5 shows the checklist fulfilled in the 

evaluation of the Measurement Plan. In the sequel, Table 5 

presents a fragment of the document containing some of the 

observations made during the evaluation and actions for 

suitability suggested. 

 

Figure 5. Checklist fulfilled in the evaluation of the 

Measurement Plan of the organization X. 

 

The next item evaluated was the measurement repository 

structure. The measurement repository had 25 tables. Its 

evaluation revealed some problems that we considered critical 

for implementing SPC, mainly its failure to identify the 

versions of the processes executed in the projects, the poor 

projects characterization (projects were classified only by type 

and paradigm) and the inability to store contextual 

information for the data collected to the measures. Figure 6 

presents a fragment of the checklist fulfilled during the 

evaluation of the measurement repository structure and some 

observations recorded. The actions for suitability are not 

showed in Figure 6, only some considerations made during the 

evaluation. 

Table  5. Fragment of observations made during the 

evaluation of the Measurement Plan and actions for 

suitability suggested. 

 

Next, we evaluate the measures. First, we evaluated the 

template for measure operational definitions used by the 

organization. It included the following fields: name, 

description, mnemonic, basic value, upper limit, lower limit, 

equation for calculating, measure unit, measurement 

procedure, analysis procedure, responsible for the 

measurement, responsible for the analysis, measured entity, 

measurement periodicity, measurement frequency and the 

flags: active, mandatory, atomic and automatic. According to 

IESMR, we suggested them to add the following information: 

measured property, measurement moment, analysis moment, 

analysis periodicity, analysis moment, type of scale and scale 

values. We also suggested them to exclude the field 

measurement frequency, which was redundant.  

After evaluating the measure operational definition template, 

we carried out the individual evaluations of the defined 

measures. The main problems found were: ambiguous, 

incomplete or inconsistent operational definitions, absence of 

related measures and inappropriate granularity. In order to 

solve the identified problems, actions for suitability were 

suggested for defining new measures, redefining some and 

correcting others. These suggestions were derived from a 

guideline which we proposed taking basis on the Software 

Measurement Ontology [1, 2] to establish measure operational 

definitions suitable to SPC. This guideline is presented in 

Table 6. 

 

 

 



Figure 6. Fragment of the checklist of evaluation of the 

Measurement Repository Structure of the organization X. 

 

 

Table 6. Guideline to elaborate a Measure Operational 

Definition. 

 

 

 

 

Table 6 (cont). Guideline to elaborate a Measure 

Operational Definition. 

 

 



Finally, for each measure, we evaluated its collected data. In 

general, the main problems found were the following: (i) the 

volume of the collected data was insufficient; and (ii) the data 

needed to describe the context of the collection were not 

recorded. The first problem is directly related to inappropriate 

granularity of the defined measures. Measures related to 

entities that occur once in a project (such as the project itself 

or a specific phase of the development) were collected only 

once by project and it is not enough to SPC. It is important to 

notice that lost data and non collected data can also lead to an 

insufficient volume. The second problem can make the data 

useless, because if the context of collection is not known, the 

data cannot be grouped correctly for analysis. 

After receiving the results of the evaluation, the organization 

X performed the suggested actions for suitability. In 2009, the 

organization was successfully evaluated as a CMMI level 3 

organization. After that, the behavior of the critical processes 

was analyzed using SPC techniques. The results showed that 

there are still some changes required for stabilizing the 

processes. Also we notice that some actions for suitability 

suggested in the evaluation of the measurement repository, in 

fact, were not performed by the organization. 

Currently, the organization X is working to achieve a high 

maturity level. The assessment is planned to occur in this 

year. Some efforts being done include a review of the actions 

for suitability suggested in the evaluation of the measurement 

repository, aiming to identify which actions were not carried 

out before. In a brief commentary, the quality manager of the 

organization X said that starting the preparation to SPC in 

previous maturity levels will help them to spend less time to 

perform the statistical control of its critical processes and thus 

they can devote more time and effort to other practices 

required in high maturity levels, such as process 

componentization. As a consequence, he expects that the time 

for achieving a high maturity level be smaller than the time 

normally required if the organization had not previously 

carried out adjustments in its measurement repository. 

6. Related Works 
There are several works highlighting the importance of 

measures and collected data are appropriate for the SPC, in 

order to be used in this context [8, 12, 13, 19, 20, 22]. 

However, there are few works treating specifically the 

evaluation of measures and data for this purpose.  

The works of Tarhan and Demirors [19, 20] include a proposal 

to evaluate measures considering its usefulness in SPC. In 

fact, the work proposes an approach to select processes to 

SPC. Among other relevant criteria for choosing the most 

appropriate processes, the authors point to the existence of 

appropriate measures associated with the processes. To 

determine if a measure is useful, they define a set of attributes 

to evaluate measures and data. However, since the focus of 

their approach is the selection of processes to SPC, the 

approach is limited concerning measure evaluation. The 

authors themselves affirm that the study of the usefulness of 

measures considering only the attributes defined by them is 

not enough to select the most appropriate measures in SPC 

[19]. 

7. Final Considerations 
The growing interest of software organizations in achieving 

the highest maturity levels has revealed some difficulties of 

these levels, especially problems with implementing the 

statistical process control. 

The absence of appropriate measures and data for the 

application of SPC techniques, which allow organizations to 

understand and to improve the processes behavior, has been 

an obstacle to achieve the highest maturity levels. In this 

context, this paper presented an Instrument for Evaluation of 

the Suitability of a Measurement Repository to SPC (IESMR).  

IEMSR was developed to support software organizations that 

desire to carry out SPC and that have measurement 

repositories with data collected in executed projects. IEMSR 

supports evaluating if the measurement repository of an 

organization is suitable to SPC and, if not, to carry out the 

adjustments, when it is possible. 

So far, IESMR was used to evaluate the measurement 

repositories of three organizations. The results obtained from 

these experiences allowed us to conclude that the evaluation 

and adjustment of the measurement repository before 

performing the SPC help organizations in preparing 

themselves for starting the use of statistical techniques. It 

avoids that them to expend effort in implementing the SPC 

and, when they notice the unsuitability of the measures, they 

need to interrupt or abort the SPC implementation. Moreover, 

this approach ensures that the information provided by SPC is 

really useful, since the measures and data used are 

appropriate. 

Currently, IESMR does not have a specific software to support 

its application. It is composed mainly by spreadsheets. To 

support its application a prototype of a tool was developed and 

the next step is implementing a tool to support the use of 

IESMR. New practical experiences are planned too. 
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