Managing people in software project

9.0 Introduction

The people working in a software organization are its greatest assets. They represent intellectual capital and it is up to software managers to ensure that the organization gets the best possible return on its investment in people. In successful companies and economies, this is achieved when people are respected by the organization. They should have a level of responsibility and reward that is commensurate with their skills. 

Effective management is therefore about managing the people in an organization. Project managers have to solve technical and non-technical problems by using the people in their team in the most effective way possible. They have to motivate people, plan and organize their work and ensure that the work is being done properly. Poor management of people is one of the most significant contributors to project failure. 

9.1 Motivation 

One of the roles of project managers is to motivate the people who work for them. Maslow (1954) suggested that people are motivated by satisfying their needs and that needs were arranged in a series of levels as shown in Figure below. The lower levels of this hierarchy represent fundamental needs for food, sleep, etc. and the need to feel secure in an environment. Social needs are concerned with the need to feel part of a social grouping. Esteem needs are the need to feel respected by others and self-realization needs are concerned with personal development. Human priorities are to satisfy lower-level needs like hunger before the more abstract, higher-level needs

. 
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People working in software development organizations are not usually hungry or thirsty and generally do not feel physically threatened by their environment. Therefore, ensuring the satisfaction of social, esteem and self-realization needs is most significant from a management point of view: 

· Satisfying social needs means allowing people time to meet their co-workers and providing places for them to meet. Informal, easy-to-use communication channels such as electronic mail are very important. 

·  To satisfy esteem needs you need to show people that they are valued by the organization. Public recognition of achievements is a simple yet effective way of doing this. Obviously, people must also feel that they are paid at a level that reflects their skills and experience.

·   Finally, to satisfy self-realization needs you need to give people responsibility for their own work, assign them demanding (but not impossible) tasks and provide a training programmme where people can develop their skills. 

In a psychological study into motivation, Bass and Dunteman (1963) classified professionals into three types: 

1. Task-oriented: Who are motivated by the work they do. In software engineering, they are technicians who are motivated by the intellectual challenge of software development. 

2. Self-oriented: Who are principally motivated by personal success and recognition. They are interested in software development as a means of achieving their own goals. 

3. Interaction-oriented: Who are motivated by the presence and actions of co-workers. As software development becomes more user-centered, interaction-oriented individuals are becoming more and more involved in software engineering. 

Interaction-oriented personalities usually like to work as part of a group whereas task-oriented and self-oriented people often prefer to work alone. Women are more likely to be interaction-oriented than men. They are often more effective communicators. 

Each individual’s motivation is made up of elements of each class but one type of motivation is usually dominant at anyone time. However, personalities are not static and individuals can change. For example, technical people who feel they are not being properly rewarded can become self-oriented and put personal interests before technical concerns. 

The problem with Maslow’s model of motivation is that it takes an exclusively personal viewpoint on motivation. It does not take adequate account of the fact that people feel themselves to be part of an organization, a professional group and, usually, some culture. People are not just motivated by personal needs but are also motivated by the goals of these broader groups. Being a member of a cohesive group it is highly motivating to most people. People with fulfilling jobs often like to go to work because they are motivated by the people they work with and by the work that they do.  

9.2 Project staffing 

One of the roles of a project manager is to choose staff to work on the project. In exceptional cases, project managers can appoint the people who are best suited to the job irrespective of their other responsibilities or budget considerations. More normally, however, project managers do not have a free choice of staff. They have to use whoever is available in an organization, they may have to find very quickly and they may have a limited budget. This limited budget may constrain the number of (expensive) experienced engineers who may work on the project. 

If a manager has some choice of staff who can work on the project, there a number of factors which may be used to influence the decision who to appoint . Some of these factors are shown Figure in the next page.
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There is no way of rating these factors in terms of importance as this depending on the application domain, the type of project and the skills of members of the project team. 

The decision on who to appoint to a project is usually made using three of information: 

· Information provided by candidates about their background and experience (their resume or CV). 

·  Information gained by interviewing candidates. 

· Recommendations from other people who have worked with the candidate

Some companies make use of various types of test to assess candidates. These include programming aptitude tests and psychometric tests. Psychometric tests are intended to produce a psychological profile of the candidate indicating attitude and suitability for certain types of task. Managers have radically different views a these tests. Some consider them nonsense; others think they provide useful information for staff selection. Project managers are sometimes faced with difficulties in finding people with appropriate skills and experience. Teams have to be built using relatively inexperienced engineers. This may lead to problems because of a lack of understanding of the application domain or the technology used in the project. 

One reason for this situation is that, in some organizations, technically skilled staff quickly reaches a career plateau. To progress further, they must take on managerial responsibilities. These require different abilities from their technical skills. Promotion of these people to managerial status often means that useful technical skills are lost. To avoid a loss of technical skills to a project, some companies have developed parallel technical and managerial career structures of equal worth. Experienced technical people are rewarded at the same level as managers. As an engineer's career develops, they may specialize in either technical or managerial activities. They may move between them without loss of status or salary. 

9.3 Group working 

The image of programmers presented in the media is an individualistic one. They are often shown as technology-mad teenagers, who are inherently anti-social and who are most interested in hacking into other computers. While this is obviously exaggerated, there is some evidence that many programmers do not feel the need to work closely with other people (Cougar and Zawacki, 1978; Cougar, 1988). 

In reality, most software engineers work in teams which vary in size from two to several hundred people. In a study undertaken by IBM (McCue, 1978), the proportion of time spent in various activities is as shown in Figure below. 

About half of it typical programmer's time is spent interacting with other team members, 30% working alone and 20% in non-productive activities, such as travel and training. While the public and the self-image may be an individual one, the truth is that most software engineering is a team activity.
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 Most professional software is developed by project teams ranging in size from two to several hundred people. However, as it is clearly impossible for everyone in a large team to work together effectively on a single problem, these large teams is usually split into a number of groups. Each group is responsible for a sub-project that is developing some sub-system. As a general rule, software engineering project groups should normally have no more than eight members. When small groups are used, communication problems are reduced. The whole group can get round a table for a meeting and can meet in each other’s offices. Complex communication structures are not required.

Managers are faced with a difficult task when forming groups. The group should have the right balance of technical skills and experience and personalities. This requires an understanding of the factors which affect successful group working. These include group composition, cohesion, leadership, communications and organization. A good group has a team spirit so that the people involved are motivated by the success of the group as well as their own personal goals. Therefore, managers should promote explicit team building activities to help establish this essential feeling of group loyalty. There are a number of factors that influence group working: 

1. Group composition:  Is there the right balance of skills, experience and personalities in the team? 

2.  Group cohesiveness:  Does the group think of itself as a team rather than as a collection of individuals who are working together? 

3.  Group communications:  Do the members of the group communicate effectively with each other?

4.  Group organization:  Is the team organized in such a way that everyone feels valued and is satisfied with their role in the group? 

9.3.1 Group composition 

Many software engineers are motivated primarily by their work. Software development groups, therefore, are often composed of people who have their own idea on how technical problems should be solved. This is borne out by regularly reported problems of interface standards being ignored, systems being redesigned as they are coded, unnecessary system embellishments, etc. Selecting the right members for a project group is essential if these kinds of problem are to be avoided. 

A group which has complementary personalities may work better than a group which has been selected solely on technical ability. People who are motivated by the work are likely to be the strongest technically. People who are self-oriented will probably be best at pushing the work forward to finish the job. People who are interaction-oriented help with communications within the group. It it is particularly important to have interaction-oriented people in a group. They like to talk to people and can detect tensions and disagreements at an early stage. They can help resolve personality problems and differences before they have a serious impact on the group. 

It is sometimes impossible to choose a group with complementary personalities. In this case, the project manager has to control the group so that group members do not let their individual goals transcend organizational and group objectives. This control is easier to achieve if all group members participate in each stage of the project. Individual initiative is most likely when group members are given instructions without being aware of the part that their task plays in the overall project, 

For example, say an engineer is given a program design for coding and notices possible design improvements. If these improvements are implemented without understanding the rationale for the original design, they might have adverse implications on other parts of the system. If the whole group is involved in the design from the start, they will understand why design decisions have been made. They may identify with these decisions rather than oppose them. 

Within a group, the group leader has an important role. He or she may be responsible for providing technical direction and project administration. Group leaders must keep track of the day-to-day work of their group, ensure that people are working effectively and work closely with project managers on project planning. 

Leaders are normally appointed and report to the overall project manager. However, the appointed leader may not be the real leader of the group as far as technical matters are concerned. The group members may look to another group member for leadership. He or she may be the most technically competent engineer or may be a better motivator than the appointed group leader. 

Sometimes, it is effective to separate technical leadership and project administration. People who are technically competent are not always the best administrators. When they are given an administrative role, this reduces their overall value to the group. It is best to support them with an administrator who relieves them of day- to-day administrative tasks. 

If an unwanted leader is imposed on a group, this is likely to introduce tensions. The members will not respect the leader and may reject group loyalty in favor of individual goals. This is a particular problem in a fast-changing field such as software engineering where new members may be more up to date and better educated than experienced group leaders. Some people with experience may resent the imposition of a young leader with new ideas. 

9.3.2 Group cohesiveness 

In a cohesive group member think of the group as more important than the individuals in it. Members of a well-led, cohesive group are loyal to the group. They identify with group goals and with other group members. They attempt to protect the group, as an entity, from outside interference. This makes the group robust and able to cope with problems and unexpected situations. The group can cope with charge by providing mutual support and help. 

The advantages of a cohesive group are: 

1. A group quality standard can be developed:  Because this standard is established by consensus, it is more likely to be observed than external standards imposed on the group.

2.  Group members work closely together: People in the group learn from each other. Inhibitions caused by ignorance are minimized as mutual learning is encouraged. 

3. Group members can set to know each other’s work : Continuity can be maintained should a group, member leave. 

4. Egoless programming can be practiced:  Programs are regarded as group property rather than personal property. 

Egoless programming (Weinberg, 1971) is a style of group working where designs, programs and other documents are considered to be the common property of the group rather than the individual who developed them. If engineers think of their work in this way, they are more likely to offer it for inspection by other group members, to accept criticism, and to work with the group to improve the program. Group cohesiveness is improved because all members feel that they have a shared responsibility for the software. 

As well as improving the quality of designs, programs and documents, egoless programming also improves communications within the group. It encourages uninhibited discussion without regard to status, experience or gender. Individual members actively cooperate with other group members throughout the course of the project. This all serves to draw the members of the group together and makes them feel part of a group. 

Group cohesiveness depends on many factors, including the organizational culture and the personalities in the group. Managers can encourage cohesiveness in a number of ways. They may organize social events for group members and their families. They may try to establish a sense of group identity by naming the group and establishing a group identity and territory. They may get involved in explicit group building activities such as sports and games.  

However, one of the most effective ways of promoting cohesion is to ensure that group members are treated as responsible and trustworthy and given access to information. Often, managers feel that they cannot reveal certain information to the entire group. This invariably creates a climate of mistrust. Simple information exchange is cheap and efficient ways of making people feel that they are part of a group. 

Strong, cohesive groups, however, can sometimes suffer from two problems: 

· Irrational resistance to a leadership change: If the leader of a cohesive group has to be replaced by someone outside of the group, the group members may band together against the new leader. Group members may spend time resisting changes proposed by the new group leader with a consequent loss of productivity. Whenever possible, new leaders are therefore best appointed from within groups. 

· Groupthink:  Groupthink (Janis, 1972) is the name given to a situation where the critical abilities of group members are eroded by group loyalties. Consideration of alternatives is replaced by loyalty to group norms and decisions. Any proposal favored by the majority of the group may be adopted without proper consideration of alternatives. 

To avoid groupthink, formal sessions may be organized where group members are encouraged to criticize decisions. Outside experts may be introduced to review the group's decisions. People who are naturally argumentative, questioning, and disrespectful of the status quo may be appointed as group members. They act as a devil's advocate, constantly questioning group decisions, thus forcing other group members to think about and evaluate their activities. 

9.3.3 Group communications 

It is essential that there should be good communications between members of a software development group. The group members must exchange information on the status of their work, the design decisions that have been made and changes to previous decisions that are necessary. Good communications also strengthens group cohesiveness as group members come to understand the motivations, strengths and weaknesses of other people in the group. 

Some key factors which influence the effectiveness of communications are: 

1. Group size:  As a group increases in size, it becomes more difficult to ensure that all members communicate effectively with each other. The number of one way communication links is      n * (n -1),  where n is the group size, so you can see that, with a group of seven or eight members, it is quite possible that some people will rarely communicate. Status differences between group members mean that communications are often one-way communications. Higher-status members tend to dominate communications with lower-status members who are often reluctant to start a conversation or to make critical remarks. 

2. Group structure: People in informally structured groups communicate more effectively than in groups with a formal, hierarchical structure. In hierarchical groups, communications tend to flow up and down the hierarchy. People at the same level may not talk to each other. This is a particular problem in a large systems only communicate through their managers, this often leads to delays and misunderstandings. 

3. Group composition: If there are too many people in the group who have the same personality types, these may clash and communications may be inhibited. Communication is usually better in mixed-sex groups (Marshall and Heslin, 1975) than in single-sex groups. Women tend to be more interaction-oriented than men and female group members may act as interaction controllers and facilitators for the group. 

4. The physical work environment of the group: The organization of the work- place is a major factor in facilitating or inhibiting communications. 

Following figure describes some other factors that also affect communications within a group.
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9.3.4 Group organization 

Software engineering team sizes should normally have no more than eight members. When small teams are used, communication problem reduced. The whole team can get round a table for a meeting and can meet in each other’s offices. Complex communications are not required.

Small programming groups are usually organized in a fairly informal way. The group leader gets involved in the software development with the other group members. A technical leader may emerge who effectively controls software production. In an informal group, the work to be carried out is discussed by the group as a whole and tasks allocated according to ability and experience. High-level system design is carried out by senior group members but low-level design is the responsibility of the member who is allocated to a particular task. 

9.3.4.1 Centralized –control team organization

Centralized-control team organization is a standard management technique in well understood disciplines. In this mode of organization, several workers report to a supervisor/chief programmer who directly controls their tasks and is responsible for their performance. Centralized control is based on a hierarchical organizational structure in which several supervisors report to a "second-level" manager and so on up the chain to the president of the enterprise. In general, centralized control works well with tasks that are simple enough that the one person responsible for control of the project can grasp the problem and its solution. 

One way to centralize the control of a software development team is through a chief programmer team. In this kind of organization, one engineer, known as the chief programmer, is responsible for the design and all the technical details of the project. 
Individual ability has the most significant influence on programmer productivity. To make the most effective use of highly skilled programmers Baker (1972) and others (Aron, 1974; Brooks,1975) suggested that teams should be built around an individual highly skilled chief programmer. The under- lying principle of the chief programmer team was that skilled and experienced staff should be responsible for all software development. They should not be concerned with routine matters and should have good technical and administrative support for their work. Their communications with people outside the group should be limited (Figure below).
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The key members of a chief programmer team are: 

1. A chief programmer who takes full responsibility for the design, programming, testing and      installation of the system; 

2. An experienced backup programmer whose job is, to support the chief programmer and take responsibility for Software validation; 

3. A librarian whose role is to assume all the clerical functions associated with a project such as configuration management, finalizing documentation, etc. 

Depending on the size and type of the application, other experts might be drawn from a specialist pool to work temporarily or permanently with a team. These might be administrators, operating system or language specialists test engineers, etc.  

Chief programmer team organization has been likened to a surgical team performing an operation. During an operation, one person must be clearly in control, and all other people involved must be in total support of the ‘chief’ surgeon: there is no place or time for individual creativity or group consensus. This analogy highlights the strengths of the chief programmer team organization, as well as its weaknesses. The chief programmer team organization works well when the task is well understood, is within the intellectual grasp of one individual, and is such that the importance of finishing the project outweighs other factors (such as team morale, personnel development, and life cycle costs). 

The rationale for this approach comes from the fact that there are immense differences in programming ability amongst software engineers. The best programmers may be up to 25 times as productive as the worst programmers. It therefore makes sense to use the best people in the most effective way and to provide them with as much support as possible. Therefore, although the proposals for a chief programmer team are more than 25 years old, it is still an effective way to organize a small development group. 

If the right people are available, using this very structured group organization can be very effective. However, it suffers from a number of problems: 

1. Talented designers and programmers are uncommon. The approach relies on an excellent chief     programmer and deputy chief programmer. If they make mistakes, there is no one to question their decisions. In a democratic group, anyone can question decisions and hence may discover problems with them. 

2.  The chief programmer takes all the responsibility and can claim all the credit for success. However, group members may be resentful if their role in the project is not recognized. Their need for esteem may not be satisfied if all the credit for success is given to the chief programmer. 

3. Projects may be threatened if both the chief programmer and his or her deputy are ill or leave the organization. Managers may not wish to accept this risk. 

4. Organizational structures may not be able to accommodate the introduction of this type of group. Large companies may have a well-developed grading structure. Appointing chief programmers outside this structure may be very difficult. In small companies, it may simply be impossible for one of them to be completely devoted to one task. 

Chief programmer teams may therefore be a risky strategy for organizations to adopt. However, we can learn from the experiences of this type of group. It makes sense to support technically talented people with project librarians, administrators, etc. Their abilities can therefore be used in the best way. Making specialists available for short times can be more productive than using programmers with general experience for a longer period. 

9.3.4.2 Decentralized-- control team organization
In a decentralized-control team organization, decisions are made by consensus and all  work is considered group work. Team members review each other's work and are responsible as a group for what every member produces. Figure in the next page shows the patterns of control and communication among team members in a decentralized-control organization. The ring like management structure is intended to show the lack of a hierarchy and that all team members are at the same level. 
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Such a ‘democratic’ organization leads to higher morale and job satisfaction and therefore to less turnover. The engineers feel more ownership of the project and responsibility for the problem, leading to higher quality in their work. A decentralized-control organization is more suited for long-term projects because the amount of intragroup communication that it encourages leads to a longer development time, presumably accompanied by lower life cycle costs. The proponents of this kind of team organization claim that it is more appropriate for less understood and more complicated problems because a group can invent better solutions than a single individual. Such an organization is based on a technique referred to as "ego less programming" because it encourages programmers to share and review one another's work. 

On the negative side, decentralized-control team organization is not appropriate for large teams, where the communication overhead can overwhelm all the engineers, reducing individual productivity. It also runs the risk of establishing a group that is forever in futile search of a perfect solution to please everyone. 

9.3.4.3 Mixed-Control Team Organization 

A mixed-control team organization attempts to combine the benefits of centralized and decentralized control, while minimizing or avoiding their disadvantages. Rather than treating all members the same, as in a decentralized organization, or treating a single individual as the chief, as in a centralized organization, the mixed organization distinguishes the engineers into senior and junior engineers. Each senior engineer leads a group of junior engineers. The senior engineers, in turn, report to a project manager. 

Control is vested in the project manager and senior programmers, while communication is decentralized among each set of individuals, peers, and their immediate supervisors. The patterns of control and communication in mixed-control organizations are shown in Figure above. 

A mixed-mode organization tries to limit communication to within a small group that is most likely to benefit from it. It also tries to realize the benefits of group decision making by vesting authority in a group of senior programmers. The mixed-control organization is an example of the use of a hierarchy to master the complexity of software development as well as organizational structure. 

9.3.4.4 An Assessment of Team Organizations 

In the previous subsections, we have presented different ways of organizing software development teams. Each kind of organization discussed in the previous three subsections has its proponents and detractors. Each also has its appropriate place. 

Experimental assessment of different organizational structures is difficult. It is clearly impractical to run large software development projects using two different types of organization, just for the purpose of comparing the effectiveness of the two structures. While cost estimation models can be assessed on the basis of how well they predict actual software costs, an organizational structure cannot be assessed so easily, because one cannot compare the results achieved with those one would have achieved with a different organization. 

Experiments have been run to measure the effects of such things as team size and task complexity on the effectiveness of development teams. In the choice of team organization, however, it appears that we must be content with the following general considerations: 

· .Just as no life cycle model is appropriate for all projects, no team organization is appropriate for all tasks. 

· Decentralized control is best when communication among engineers is necessary for achieving a good solution. 

· Centralized control is best when speed of development is the most important goal and the problem is well understood. .

· An appropriate organization tries to limit the amount of communication to what is necessary for achieving project goals-no more and no less. 

· An appropriate organization may have to take into account goals other than speed of development. Among these other important goals are: lower life cycle costs, reduced personnel turnover, repeatability of the process, development of junior engineers into senior engineers, and widespread dissemination of specialized knowledge and expertise among personnel.  

9.4 Working environments 

The workplace has important effects on people’s performance and their job satisfaction. Psychological experiments have shown that behavior is affected by room size, furniture, equipment, temperature, humidity, brightness and quality of light, noise and the degree of privacy available. Group behavior is affected by architectural organization and telecommunication facilities. Communications within a group are affected by the building architecture and the organization of the workspace. 

There is a real and significant cost in failing to provide good working conditions. When people are unhappy about their working conditions, staff turnover increases. More costs must therefore be expended on recruitment and training. Software projects may be delayed because of lack of qualified staff (DeMarco and Lister, 1999). 

Software development staffs often work in large open-plan office areas, sometimes with cubicles, and only senior management have individual offices. McCue (1978) carried out a study that showed that the open-plan architecture favored by many organizations was neither popular nor productive. The most important environmental factors identified in that design study were: 

1. Privacy: Programmers require an area where they can concentrate and work without interruption. 

2.  Outside awareness:  People prefer to work in natural light and with a view of the outside environment. 

3. Personalization:  Individuals adopt different working practices and have different opinions on decor. The ability to rearrange the workplace to suit working practices and to personalize that environment is important. 

In short, people like individual offices that they can organize as they like. There is less disruption and fewer interruptions than in open-plan workspaces. In open-plan offices, people are denied privacy and a quiet working environment. They are limited in the ways that they can personalize their own workspace. Concentration can be difficult and performance is degraded. 

Providing individual offices for software engineering staff can make a significant difference to productivity. DeMarco and Lister (1985) compared the productivity of programmers in different types of workplace. They found that factors such as a private workspace and the ability to cut off interruptions had a significant effect. Programmers who had good working conditions were more than twice more productive than equally skilled programmers who had to work in poorer conditions. 

Development groups need areas where all members of the group can get together as a group and discuss their project, both formally and informally. Meeting rooms must be able to accommodate the whole group in privacy. Individual privacy requirements and group communication requirements seem to be exclusive objectives. McCue suggested that these conflicting needs could be accommodated by grouping individual offices round larger group meeting rooms (Figure below).
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A similar model is suggested by Beck (2000) in his description of an environment for extreme programming. However, he suggests retaining an open-plan area with all programming activities taking place in the communal area and individual cubicles for the group members when they wish to work alone. Clearly the key requirement is to provide both individual and group space so that people can work alone or as a group when necessary. 

This type of communication helps people solve their problems and exchange information in an informal but effective way. Weinberg (1971) cites an anecdotal example of how an organization wanted to stop programmers 'wasting time' talking to each other around a coffee machine. They removed the machine, then immediately had a dramatic increase in requests for formal programming assistance. As well as gossiping around the machine, people were solving each other's problems. This illustrates that companies need informal meeting places as well as formal conference rooms. 

9.5 Capability Maturity Model (CMM)

Identification of a sequence of steps involving activities, constraints, and resources and resources that are performed for a given purpose is called software engineering process.

How does an organization respond to change? How does an organization manage projects? Is it a mature organization or an immature organization? 

Immature organizations follow little planning and practice poor project management. Dead-lines and cost estimates are frequently exceeded because they are based on unrealistic estimates. Managers have a "just do it" approach to projects and are usually focused on immediate crises instead of the big picture. When hard deadlines are imposed, the true goal of the project may be compromised in the rush to meet an unrealistic deadline. When a project is completed, there is little data collection, analysis, or follow up to determine if the project was successful or what should be done for continual improvement. 

Mature businesses possess an organization-wide ability to develop successful projects on schedule and on budget. Overall goals are communicated throughout the organization. Processes mandated are documented, usable, and consistent with the way the work actually gets done. Roles and responsibilities within the company are clear throughout the project and across the organization. Managers monitor the quality of the projects and the processes that produce them. When the project is completed, data is collected and evaluated and there is a process for continual improvement. 

The Software Engineering Institute (SEI) at Carnegie-Mellon University is a DoD-- funded institute whose mission is software technology transfer. It was established to improve the capabilities of the US software industry and, specifically, the capabilities of those organizations who receive DoD funding for large defense projects. In the mid-1980s, the SEI initiated a study of ways of assessing the capabilities of contractors. They were particularly interested in contractors who were bidding for software projects funded by the US Department of Defense. 

The outcome of this capability assessment work was the SEI Software Capability Maturity Model. This has been tremendously influential in convincing the software engineering community, in general, to take process improvement seriously. The SEI model classifies software processes into five different levels as shown in Figure below.
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These five levels are defined as follows: 

1. Initial level: At this level, an organization does not have effective management procedures or    project plans. If formal procedures for project control exist, there are no organizational mechanisms to ensure that they are used consistently. The organization may successfully develop software but the characteristics of the software (quality, etc.) and the software process (budget, schedule, etc.) will be unpredictable. 

2. Repeatable level: At this level, an organization has formal management, quality assurance and configuration control procedures in place. It is called the repeat- able level because the organization can successfully repeat projects of the same type. However, there is  a lack of a formal process model. Project success is dependent on individual managers motivating a team and on organizational folklore acting as an intuitive process description. 

3. Defined level: At this level, an organization has defined its process and thus , has a basis for qualitative process improvement. Formal procedures are in place to ensure that the defined process is followed in all software projects. 

4. Managed level: A Level 4 organization has a defined process and a formal programmme of quantitative data collection. Process and product metrics are collected and fed into the process improvement activity. 

5.  Optimizing level:  At this level, an organization is committed to continuous process improvement. Process improvement is budgeted and planned and is an integral part of the organization’s process. 

The CMM describes the principles and practices underlying software process maturity. It is intended to help software organizations improve the maturity of their software processes in terms of an evolutionary path from ad hoc, chaotic processes to mature, disciplined software processes. The focus is on identifying key process areas and the exemplary practices that may comprise a disciplined software process. The maturity framework provided by CMM establishes a context in which: 

· Practices can be repeated; if you don't repeat an activity there is no reason to improve it. There are policies, procedures, and practices that commit the organization to implementing and performing consistently. 

· Best practices can be rapidly transferred across groups. Practices are defined sufficiently to allow for transfer across project boundaries, thus providing some standardization for the organization. 

· Variations in performing best practices are reduced. Quantitative objectives are established for tasks; and measures are established, taken, and maintained to form a base-line from which an assessment is possible. 

· Practices are continuously improved to enhance capability (optimizing). 

9.5.1 Structure of CMM 

Maturity Levels 

A layered framework providing a progression to the discipline needed to engage in continuous improvement (It is important to state here that an organization develops the ability to assess the impact of a new practice, technology, or tool on their activity. Hence it is not a matter of adopting these; rather it is a matter of determining how innovative efforts influence existing practices. This really empowers projects, teams, and organizations by giving them the foundation to support reasoned choice.) 

Key Process Areas 

Key process area (KPA) identifies a cluster of related activities that, when performed collectively, achieve a set of goals considered important.  The key process areas in 5 different levels are shown in the next page.
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Fig. :  Structure of Capability Maturity Model (CMM)

Goals 

The goals of a key process area summarize the states that must exist for that key process area to have been implemented, in an effective and lasting way. The extent to which the goals have been accomplished is an indicator of how much capability the organization has established at that maturity level. The goals signify the scope, boundaries, and intent of each key process area. 

Common Features 

Common features include practices that implement and institutionalize a key process area. These five types of common features include: Commitment to Perform, Ability to Perform, Activities Performed, Measurement and Analysis, and Verifying Implementation. 

Key Practices 

The key practices describe the elements of infrastructure and practice that contribute most effectively to the implementation and institutionalization of the key process areas.

9.6 The People Capability Maturity Model (P-CMM)

Some argue the Capability Maturity Model (CMM) focuses too heavily on process or technology, not people. Furthermore, those organizations deemed mature indicated that their progression to this state required significant changes in managing people, and their continuing improvement in their organizational capability required them to address issues regarding their people assets and human resources management. In response to this growing concern the Software Engineering Institute (SEI) is developing a People Capability Maturity Model (P-CMM). The P-CMM, whose structure is provided in Figure below, is an adaptation of CMM concepts focused on developing the organization’s human capabilities, especially the talent in software and information systems development. The motivation for the P-CMM is to radically improve the ability of software organizations to attract, develop, motivate, organize, and retain the talent needed to steadily improve software development capability. 
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The strategic objectives pursued in the P-CMM are to: 

· Improve the capability of software organizations by increasing the capability of their staff,

· Ensure that software development capability is an attribute of the organization rather than of a few individuals,

· Align the motivation of the staff with those of the organization, and 

· Retain assets (i.e., people with extensive skills and capabilities) within the organization. 
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The P-CMM includes practices in the areas of: 

· staffing (includes recruiting, selection and planning) 

· managing performance

· training

·  compensation

·  work environment

·  career development 

· organizational and individual competence 

· mentoring and coaching

·  team and culture development 

The P-CMM is a practical tool for improving the management of people in an organization because it provides a framework for motivating, recognizing, standardizing and improving good practice. It reinforces the need to recognize the importance of people as individuals and to develop their capabilities. Of course, the complete application of this model is very expensive and probably unnecessary for most organizations. However, I believe that the model is a helpful guide that can lead to significant improvements in the capability of organizations to produce high-quality software. 
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