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Abstract— This paper presents the results of a research carried on five companies of the Brazilian telecommunications segment: Vivo, TIM, Claro, Embratel and Intelig. The objective was to estimate the maturity level of the software development processes, according to CMMI (Capability Maturity Model Integration) criteria. The chosen instrument was a questionnaire applied to IT (Information Technology) teams from each company, which made possible to estimate the current maturity level and identify improvement points, in a much faster and economic way rather than traditional appraisals, such as SCAMPI (Standard CMMI Appraisal Method for Process Improvement). The measured maturity levels were low for almost all teams selected as a sample.

Index Terms—CMMI, Maturity level, Telecom, Process management, Product management, Process quality, Process maturity,  Human and technological factors
I. INTRODUCTION

The concept originally proposed by Carnegie Mellon’s Software Engineering Institute (SEI) of process maturity [1], based upon the principle that "the quality of the product is directly dependent of the process that has developed it" is today widely accepted, in both the open market and the academy. As an example, Bradford Clarke sustained in his paper: “The results of data analysis from the 161 projects showed that PMAT is statistically significant, supporting the hypothesis that increasing process maturity decreases the effort to develop a software product” [2]. The term "maturity" refers to the predictability for the quality of the products created by the company, which means that companies with mature processes tend to produce with a known level of quality, while the quality of products generated by companies with immature processes may vary enormously. There are a lot of companies willing to invest large financial resources and years of work in order to turn their processes into mature ones, but the path to maturity is long and hard, and there are a lot of issues that could compromise all these efforts.

A formal SCAMPI appraisal is considerably expensive (over US$ 25,000.00), but is not the major cost to be considered by a company who wishes to grow mature in terms of processes; in order to get ready for such an appraisal, the company should hire one or more specialized consultants, involve all its body of employees and invest about two years of planning and huge amounts of money to be at least able to be appraised for a single level of maturity on the CMMI scale. Hossein Saiedian and Richard Kuzara affirmed that “One nearly universal complaint is that moving from level to level can cost hundreds of thousands or even millions of dollars” [3]. This is already a challenge for a company such as a software house, who would benefit greatly of a recognized certification such as the CMMI one; in fact, all small and most medium companies can not bear with such expenses.

There is another kind of companies that could benefit indirectly from the CMMI principles, whose business is only supported by IT, such as the telecommunications segment. Getting more mature processes could mean to add quality to the products and services offered by the company, consequently adding value to the eyes of the customers, what is very interesting in a highly competitive market such as the Brazilian one. Unfortunately, the cost and efforts of a Quality Journey are so high that most of CEOs (Chief Executive Officers) would difficultly foresee a positive ROI (Return of Investment) on such a venture. Consequently, most companies do not have even an estimate of the gap between their current state and a mature level.

The work described on this paper has the purpose of offering a quick and economic way to estimate such a gap; by means of applying a simple questionnaire to IT teams, it is possible to identify many improvement points, and therefore estimate the effort needed to possibly attain a maturity level in the future. A field research was conducted on the telecommunications sector of the State of Rio de Janeiro, Brazil, and its goal was to generate primary data for further studies.

II. theoretical framework

A. History

The CMMI is an extension from the well-known CMM, which is a capability and maturity model designed for software development. CMM has been created two decades ago and is nowadays very widespread. Hansen, Rose and Tjornehoj performed a literature revision in 2004, aiming to identify the dominant ideas about the subject SPI (Software Process Improvement). They found that 75% of the literature reviewed mentioned directly the CMM, and most of the rest was somehow influenced by SEI’s concepts [4]. The original model was designed by SEI from Carnegie Mellon University, fulfilling a request from the American Department of Defense (DoD). The motivation was to find a way of differentiate software suppliers committed with high levels of quality from other companies less reliable. A group of specialists from SEI conducted a research upon the practices of companies recognized by the time as delivering high-quality services and products to their customers. Based on this research, they have built a theoretical model which they named CMM (now known as SW-CMM).

As the model spread across organizations, other maturity models were developed for other areas of knowledge, such as system engineering, product development and supplier sourcing. As each of these models were built independently from the others, soon the organizations realized that adopting one or more of these models concurrently was not a simple task, as there were a lot of conflicts among them.

The solution was to integrate all the models into a single one, which could be adopted in a whole or as a subset by any organization. This final model was called CMMI (Capability and Maturity Model Integration).

B. Structure

There are two possible ways of representing the CMMI structure: "staged" and "continuous". Each company should select one of them, depending on its needs. For the purpose of this paper, the staged representation [5] was chosen; therefore, the continuous one won't be described here. For further information about the continuous representation, see [6]. The staged representation has the following characteristics:

· Offers a proven sequence of improvements, beginning with basic management practices and evolving through a well-known path of successive levels;

· Allows comparisons inter and intra-organizations, through maturity levels;

· Allows an easy upgrade from CMM to CMMI;

· Offers a single score that summarizes the appraisal results, allowing comparisons between organizations.

This kind of representation, used since the original CMM (currently SW-CMM), splits the process of evolution by five levels or stages, each one indicating a degree of evolution onto the maturity scale. The first level represents a process not managed: it's the starting point for every organization. Level two indicates the presence of basic procedures of project management. Level three indicates the existence of a well-defined and integrated process, well-documented and institutionalized in the whole company, and so on. Table 1 shows the progression of maturity levels.
Table  1 maturity levels

	Level
	Name

	1
	Initial

	2
	Managed

	3
	Defined

	4
	Quantitatively Managed

	5
	Optimizing


Each maturity level is composed of Process Areas (PAs). There are 25 PAs, which represent logical groupings of the good practices found by SEI at the companies considered to deliver high-quality services and products (see the "History" section above). Some few examples of PAs are: Requirements Management, Monitoring and Process Control, Verification, etc.

In order to verify its use on a company, each PA has a set of Generic and Specific Goals. The Generic Goals are the same for each PA, because they refer to the spreading and institutionalization of the PA into the company. On the other hand, the Specific Goals are different for each PA.

The model also indicates Practices and Sub practices commonly found in companies which have institutionalized some PAs: nevertheless, due to the peculiarities of each segment and company, the CMMI appraisal does not oblige the implementation of Practices identical to the ones suggested. Similar Practices are accepted, as long as the Goals are reached. Fig. 1 illustrates the relationships between each component of the model.
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Fig. 1 Staged representation
III. methodology

This paper is part of the research “Human and Technological Factors of Competitiveness”, led by Prof. Heitor Luiz Murat de Meirelles Quintella [7]. It was developed according to a supervision method called ORIENTEL [8]. As describing the whole method is not the purpose of the present paper, in short ORIENTEL is a production method of scientific work, composed of 4 phases and 12 steps. The research leader (Prof. Quintella) conducts session groups at a fixed place and day every week, which integrate all researchers, promoting the exchange of practices, theoretical frameworks, references and experience in general. Four big documenting tools are used: Field research notebook, Data accumulator (gathers all data in an indexed data base), Report accumulator (gathers all written material produced) and Bibliography accumulator (gathers all bibliographic references utilized). The production structure is based upon the locus, the teaching strategy (learn by doing, focused in reality, with peer to peer collaboration) and the co-authoring production with the research leader. ORIENTEL makes use of Karl Popper’s hypothetic-deductive method [9].

The present work was done considering the universe of the research (population) as the telephony companies, both fixed and mobile, operating in the State of Rio de Janeiro. Six companies were selected for the sample: TIM, Claro, Vivo, Embratel, Intelig and Oi/Telemar. Only the last one refused to take part into the research, alleging not having time to allocate employees for answering, due to a huge number of end-of-the-year activities.

The selection of the sample is justifiable due to the great representativeness of the chosen companies. All of them have national range, and the three first (Vivo, TIM and Claro) share alone 81% of the mobile market. The two NLD (National Long Distance) operators, Embratel and Intelig, are representative of another segment. Both have a strong presence at the corporative market, offering services like PABX (Private Automatic Branch Exchange), VPN (Virtual Private Network) and Internet access, among others.

In order to estimate the maturity level of the development software processes from the studied teams, a non-official questionnaire was used. This questionnaire was created and validated on a previous work from the research group ([10], [11] and [12]). It was composed of 25 questions (one for each PA) about good practices in the team. The purpose of each question was to identify if the specific goals of each PA were attained for the team being studied. In order to answer each question, the respondent had to choose a number between 1 and 5, indicating the presence of a certain good practice in the quotidian of the team, with the following meaning: (1) Very rarely or never; (2) Seldom; (3) Sometimes; (4) Often; and (5) Very frequently or always. As mentioned earlier in this document, this procedure allowed a quick and economical estimate of the maturity level, contrarily to an official appraisal like SCAMPI that would have been impracticable for the purpose of this research, considering the time and costs involved. This kind of experimental questionnaire based on SEI’s style has already been tested with interesting results on previous works [13].
For the present work, the questionnaire was first submitted to a small group of people in order to check its clarity. After each person’s feedback, some questions were rewritten for the sake of comprehension, taking care of avoiding changes to the semantics of the text.

This questionnaire was then submitted to groups of volunteers of IT teams from five companies competing in the Brazilian telecommunications segment: Vivo, TIM, Claro, Intelig and Embratel. The leader of each IT team was also invited to fill in the questionnaire. An important note to observe is that no external developer (belonging to outsourcing teams temporarily hired) was included as a respondent, apart from the cases where the external developer was part of the IT team, responding directly to the leader of the team. 

The questionnaire was made available on a website, protected by a pair key/password, unique by participant, e-mailed to each one. A few questionnaires were filled in by hand. The confidentiality of the data and the privacy of the participants were carefully preserved during the research. Each participant was instructed to answer without communication with his/her colleagues, and the names of the participants were not included in the presentation of the results, not even the companies’ names.

Sixteen leaders and thirty eight developers accepted to take part in the research, totalizing fifty four valid questionnaires (incomplete or inconsistent questionnaires were discarded). Some open interviews were also conducted by the researcher, in order to collect some complementary data. 

IV. results analysis and discussion

A. Analysis

All valid questionnaires were consolidated on MS Excel sheets. Most part of the data was extracted from the website database and the rest was typed from the questionnaires filled in by hand, taking care of not compromising the integrity of the data.

For each question, in order to check if the objective of the related Process Area was fulfilled, the median of the answers was taken. The option for the median was because the chosen scale was qualitative and not quantitative; it would make no sense to calculate the average, but the median could indicate that at least half of the respondents had voted in or above a value in particular. A good practice was considered to be implemented only if a median of 4 or 5 (options “Often” and “Always”) were found.

 The result was grouped into Process Areas, and later to maturity levels. A Process Area was considered to be satisfied only if all questions related to it had obtained median of 4 or 5. A maturity level was only considered to be attained if all Process Areas that composed it were satisfied and all previous levels had been attained (according to CMMI methodology).

The maturity levels found were low (13 teams at level 1 and 3 at level 2), as illustrated at Fig. 2.
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Fig. 2 Maturity levels found for 5 Brazilian telecom companies
B. Discussion

The low level of maturity found was expected and coherent, since the concept of maturity levels is not very common in the Brazilian telecommunications segment. The interviews revealed that most managers from the studied companies had heard of CMMI but never implemented it, and a few of them didn’t know anything about it. There was a single exception, a team that had a direct contact with CMMI, brought by an outsourcing company ranked at CMMI level 3; after the end of the contract with this company, the team maintained many of the control practices, but without a rigorous supervision. This was one of the three teams that were considered at level 2 by the present analysis. The other two belong to a company that has adopted another quality model – COBIT – which presents some differences to CMMI, but has a lot of common practices.

V. conclusions and recommendations

The purpose of this paper was to present a simple way for preparing to a CMMI appraisal. The methodology used allowed the following benefits:

1. It was very quick (after a few contacts and meetings, it took around fifteen days per company to fill out all questionnaires);

2. It was cheap (only the researcher could perform all the processing tasks, as almost all data gathering was made by the own employees through a website);

3. It allowed to get an estimate “screenshot” of the present maturity level of each IT team, as much as an idea of the maturity level for the whole telecommunications segment from the Brazilian State of Rio de Janeiro;
4. It offered for each participant the opportunity of analyzing the practices and processes of his/her team, as well as indicating possible improvement points;
5. It allowed a simple way of turning subjective feelings from people involved directly in the development into objective data which could be used as a base for investment discussions within the company. Many team leaders complained about having difficulty to argument the importance of investments in processes with the higher management.
The maturity levels found were low for almost all teams, what is coherent and expected, due to the characteristics of the Brazilian telecommunications segment presented earlier in this paper (IT being a secondary activity, lack of investments in IT processes, see section IV). The three teams that were detected as more evolved in terms of process maturity had good reasons to present those differences (contact with CMMI and COBIT, see section IV).
It is important to reaffirm that the methodology shown in this paper is not a way of appraising process maturity, but simply an instrument to help organizations interested in improving the quality of their processes to estimate the current process maturity and the effort needed to reach next level. An interesting information, complementary to the present research, would be to appraise the effect of the CMMI implementation, comparing metrics such as productivity or ROI (Return of Investment) before and after the implementation. This is left as a suggestion for further studies.
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