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Abstract

Maintenance plays an important role in the life cycle of a software product. It is estimated that there are more
than 100 billion lines of code in production in the world. As much as 80% of it is unstructured, patched and not
well documented. Maintenance can alleviate these problems. The purpose of this paper is to explore the use of
the Capability Maturity Model (CMM) to improve the quality of software maintenance process (SMP). The
architecture of the CMM model has been retained almost as is while its content, which was specific to the
development process, has been either modified or extended to take into account the characteristics specified to
the maintenance function, these characteristics were then organized into key process areas (KPAs) of CMM
model. This paper applied the definition of (ISO 9241-11, 1998) that examines effectiveness, efficiency, and
satisfaction. The emphasis will be given to the SMP activities
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1. Introduction

Within the budget allocated to software in major corporations, the maintenance process is often taking the greatest
share of software corporate resources: for many of these organizations, between 50% and 70% of the software
budget is allocated to the maintenance process (Arthur, (1988)); (Swanson and Beath, (1989)); (Sharpe, (1991)). It
is felt that software maintenance has not received it proportionate share of management attention and that it has
suffered from lack of planning, thus resulting typically in crisis management. Within this context, software
maintenance is perceived as expensive and ineffective.

The literature search has not come up with diagnostic techniques to evaluate the quality of the maintenance process
of a given organization, nor to identify an improvement path (Arthur, (1988)); (Swanson and Beath, (1989));
(Sharpe, (1991)).

Evaluation models must support the following three management objectives:

» At the operational level they provide a detailed analysis and evaluation of a business process and of its key
process.

» Atthe tactical level, they identify the strengths and weaknesses of each process as well as a progression
path, should there be a decision taken within a continuous improvement process program. They also
provide a map to develop an action plan to address the strengths and weaknesses within the set of
organizational priorities and allocation of resources.

» Atthe strategic level, they provide to the senior executives the relative positioning of their organizations
within their competitive environment. Based on this evaluation, priorities are then set, which lead to the
allocation of scarce corporate resources to meet the corporate objectives.

2. Literature Review
2.1 Software Maintenance Process

(Pigoski, 2002) advice is to focus on a few key characteristics when measuring the software and not measure
everything. It is better to use a few measures that are well understood rather than many measures that are not.
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In an interview with (Swanson, 2006), he claims that not only software systems should be maintained but also
the user knowledge of particular systems, (Kajko-Mattsson, 2001).

(Pfleeger, 2001) described a model of SM that includes measured feedback. It is an interesting approach for
measuring the impact of a proposed change to decide what the risks are and eight various options and depicts the
activities executed when a change is requested. The arrows with text coming from the rectangles pointing down,
represents the measurements with information that can be used for decisions about when and how to make a
change.

According to (Pigoski, 2007), over 50% of the software maintainer’s time is spent (in order to perform
corrections and enhancements) on understanding the program and that productivity can be improved vastly if this
process is improved.

Further (Pigoski, 2007) demonstrates that corrective SM represents only 20% of the total maintenance effort.
The remaining 80% is for enhancements, i.e. the adaptive and perfective categories of maintenance. The opinion
is that maintenance costs are too high because of the concept that maintenance is only “fixing bugs or mistakes”,
but that is the small part of SM (20%).

(Pigoski, 2007) also implies that another reason for the high SM cost is that the needed items are seldom
included initially in the development phase because of schedules or monetary constraints but are deferred until
the operation-maintenance phase.

(Vaidyanathan, 2002) says that new development approaches (prototyping, incremental and spiral models) still
need maintenance. Development continues after delivery of software and it is still subject to corrective and
preventive maintenance and may be subject to perfective and adaptive maintenance. Systems are being fielded
more quickly and the systems are modified quickly to accommodate user requirements.

2.2 CMM to improve the quality of Software Maintenance Process

(Diane, 2006) describes how CMMI can contribute to measurable improvements. It also may be useful for
executives and senior managers who are faced with decisions about the allocation of scarce resources for
improvement efforts.

In this study many of the organizations described that have achieved improvements in product quality and
customer satisfaction also have achieved higher productivity, cost performance, and schedule performance.
Better quality may not always be free, but it can occur with better project performance as a result of disciplined
process improvement.

Brief by (Nicole McFarland, 2006) describe the overview of the Capability Maturity Model Integration (CMMI)
infrastructure and concepts. CMMI is a process-improvement model for the enterprise that provides a set of best
practices that address productivity, performance, cost, and stakeholder satisfaction when producing products or
services. CMMI provides the practitioner with common terminology, common training and an integrated
appraisal method. CMMI will tell you what to do, but not how to do it or who should do it.

(Carol, D and Barbara, E., 2002) studies the mutual effect of increased process maturity and an organization’s
maturity in their use of Function Point Analysis (FPA). As a company moves to a higher maturity level
according to the Capability Maturity Model® Integration SM (CMMISM), its measurement maturity should also
increase. The tie between the CMMI’s process areas and FPA is not well understood, yet there is a direct
connection that can be made between the model and FPA.

(Raffo, 1999) have provides a brief background on alternative quantitative approaches, describes the model
currently being utilized by the SBMS Melbourne site, and provides an example of its use in analyzing a potential
process change.

In order to justify and obtain management support for proposed process improvements, process analysis tools
that support quantitative methods and address process level issues are needed.

(Viktor, C and Frank N, 2004) introduces the IT Service Capability Maturity Model (IT Service CMM®) and
gives an overview of the model itself, and describes how to use it to improve the maturity of an IT service
organization. Also describes the contents of the IT Service CMM, the main ways in which you can apply it to
improve an organization, and the background you need to understand the IT Service CMM specification.

2.3 Usability Evaluating Model

(Virzi, 1992) described usability according to five basic parameters; 1) easiness and speed of learning of system
use 2) efficiency to use 3) easiness to remember system use after certain period of time 4) reduced numbers of
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user errors and easy recovery from them and 5) subjective satisfaction of users. Many authors further the study
of research in usability based on these 5 characteristics.

(Faulkner, 2005) further suggested that 15 users can uncover 90-97% of usability problems. (Carstens D. S.,
and Patterson P., 2005) mentioned that there should be specific usability guidelines for specific type of web
application.

(Kostaras N. and Xenos M, 2004) suggested the heuristic evaluation method which is to be carried out by
usability experts as it is easy to use, fast, relatively cheap and it can be employed in systems that are completed
and fully operational. Heuristic evaluation is mainly based on rules of thumb by evaluators. Usability specialists
will judge the compliance between user interface and usability principles called Heuristics either based on their
own point of view or observation.

3. Overview of CMM model

The CMM was originally developed to assist the U.S. Department of Defense (DoD) in software acquisition. The
rationale was to include likely contractor performance as a factor in contract awards. This model for determining
likely contract performance also became a guide or framework for software process improvement. It used to
judge the maturity of the software processes of an organization and to identify the key practices that are required
to increase the maturity of these processes. It describes the principles and practices underlying software process
maturity and 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 (Herbsleb,
1994).

3.1 Benefits of CMM

There is now substantial evidence of the business benefits of CMM-based software and a growing understanding
of the factors that contribute to a successful improvement effort. In the past years, numerous empirical studies of
organizations using CMM have been conducted by SEI and others. The most broadly supported claim is that
CMM-based SPI has substantial business benefits for those moving from the initial through the defined levels
(Herbsleb, 1997). Extensive studies have showed that organizations implementing CMM have achieved
tremendous benefits in terms of productivity, calendar time, quality, and business value

The CMM represents a "common sense engineering” approach to software process improvement. The maturity
levels, key process areas, common features, and key practices have been extensively discussed and reviewed
within the software community. It represents a broad consensus of the software community and is a useful tool
for guiding software process improvement efforts. The CMM provides a conceptual structure for improving the
management and development of information systems products in a disciplined and consistent way. It can
improve the likelihood with which a software organization can achieve its cost, quality, and productivity goals.
However, CMM does not address all the issues of information systems development. Rigorously following the
practices and procedures in CMM sometimes would make information systems development process too rigid
and structured. Moreover, the overall model is too large and resource demanding for small businesses. The
complexity also makes it difficult to tailor the model for specific project.

CMM cannot possibly fit the needs of all organizations equally and cannot be interpreted literally. An
organization needs to use common sense when applying the CMM structure and enhance its own practices such
that they meet the CMM goals” (Johnson and Brodman, 2000). It’s important for an organization to rigorously
follow the key practices and procedures in CMM to achieve higher level of capability maturity level therefore
increase its market competitive advantage. But at the same time, practitioners need to make their own judgments
to flexibly implement the model to achieve the best result.

3.2 Quality in CMM model

Quality of software maintenance varies in different organizations at different CMM levels. There are many
factors influencing the maintenance process, which in turn affect the final product quality. In an immature
organization, there is no objective basis for judging product quality or for solving product or process problems.
Therefore, product quality is difficult to predict. Activities intended to enhance quality such as reviews and
testing are often curtailed or eliminated when projects fall behind schedule. When hard deadlines are imposed,
product functionality and quality are often compromised to meet the schedule. In a mature organization,
managers monitor the quality of the software products and the process that produced them. There is an objective,
quantitative basis for judging product quality and analyzing problems with the product and process.
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3.3 The KPAs of the CMM

Figure 1 (Note 1) lists the KPAs for each maturity level in the CMM. The CMM categorizes the overall
company process maturity into five levels of maturity. The maturity levels, 1 to 5, indicate the overall
effectiveness of the company’s software engineering practices. Each increasing level is based on achieving the
attributes of the previous low levels. The five levels are describing as follows (Paulk, 1993):

e Level 1: Initial — The software process is characterized as ad hoc, and occasionally even chaotic. Few
processes are defined, and success depends on individual effort.

e Level 2: Repeatable — The project management processes are established to track cost, schedule, and
functionality. The necessary process discipline is in place to repeat earlier successes on project with
similar applications.

e Level 3: Defined — The software processes for both management and engineering activities is
documented, standardized, and integrated into a standard software process for organization. All
projects use an approved, tailored version of the organization’s standard software process for
developing and maintaining software.

e Level 4: Managed — Detailed measures of the software process and product quality are collected.
Both the software process and products are quantitatively understood and controlled.

e Level 5: Optimizing — Continuous process improvement is enabled by quantitative feedback from the
process and from piloting innovative ideas and technologies.

Each maturity level has associated KPAs that describe the software engineering attributes that must be present to
satisfy that particular level. As the maturity level increases, quality and productivity increase and risk of
unsuccessful and unpredictable projects decreases.

By definition, KPAs are expressed at a single maturity level. There are, however, relationships between the key
process areas, and improvements in a specific management or technical area need not be restricted to a single
key process area. Figure 2 (Note 1) illustrates these relationships. Organizations may work on higher level KPAs
before they have achieved lower level maturity levels, and attention must continue to be focused on lower level
KPAs even when KPAs at higher maturity levels have been achieved.

The KPAs are categorized in Figure 2 (Note 1) into three broad categories: Management, Organizational, and
Engineering processes. The Management process category contains the project management activities as they
evolve from planning and tracking at Level 2, to managing according to a defined software process at Level 3, to
quantitative management at Level 4, to innovative management in a constantly changing environment at Level 5.
The Organizational process category contains the cross-project responsibilities as the organization matures,
beginning with a focus on process issues at Level 3, continuing to a quantitative understanding of the process at
Level 4, and culminating with the management of change in an environment of continuous process improvement
at Level 5. The Engineering process category contains the technical activities, such as requirements analysis,
design, code, and test, which are performed at all levels, but that evolve toward an engineering discipline at
Level 3, statistical process control at Level 4, and continuous measured improvement at Level 5.

Note that at Levels 4 and 5 there are KPAs that span these process categories. This helps identify potential new
KPAs for CMM v2 as Levels 4 and 5 become better understood.

4. Methodology
4.1 Utilized Usability Model

Usability is a multidimensional construct and can be assessed using various criteria. This project applies the
definition of (ISO 9241-11, 1998) that examines effectiveness, efficiency, and satisfaction. (ISO 9241-11, 1998)
defines usability and explains how to identify the information which is necessary to take into account when
specifying or evaluating usability of a visual display terminal in terms of measures of user performance and
satisfaction. Guidance is given on how to describe the context of use of the product (hardware, software or
service) and the relevant measures of usability in an explicit way. The guidance is given in the form of general
principles and techniques, rather than in the form of requirements to use specific methods.

The guidance in (ISO 9241-11, 1998) can be used in procurement, design, development, evaluation, and
communication of information about usability. (ISO 9241-11, 1998) includes guidance on how the usability of a
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product can be specified and evaluated. It applies both to products intended for general application and products
being acquired for or being developed within a specific organization.

(ISO 9241-11, 1998) also explains how measures of user performance and satisfaction can be used to measure
how any component of a work system affects the whole work system in use. The guidance includes procedures
for measuring usability but does not detail all the activities to be undertaken. Specification of detailed user-based
methods of measurement is beyond the scope of (ISO 9241-11, 1998).

(ISO 9241-11, 1998) is considered as one of the most widely adopted and cited definitions of usability is that of
the International Organization for Standardization, which identifies usability with the ability to use a product for
its intended purposes: ‘the extent to which a product can be used by specified users to achieve specified goals
with effectiveness, efficiency and satisfaction in a specified context of use (ISO 9241-11, 1998).

According to the benefits and importance of (ISO 9241-11, 1998), this project proposes an evaluation model for
assessing usability of SMP. As reflected in the definition, three central criteria for usability are the effectiveness,
efficiency and satisfaction with which users can achieve specified goals.

4.1.1 Effectiveness

The first criterion, effectiveness, suggests that specified goals are to be achieved with completeness (ISO
9241-11, 1998). Effectiveness can be understood as “how good a system is at doing what it is supposed to do”
(Preece, Rogers and Sharp, 1992) and is related to the “utility” of the system (Grudin, 1992), and “to the extent
to which the system provides the right kind of functionality so that users can do what they need or want to do”
(Preece, Rogres, and Sharp, 1992). Effectiveness can also be defined as the accuracy and completeness with
which users achieve certain goals.

Indicators of effectiveness include quality of solution and error rates. Moreover, quality of solution is used as the
primary indicator of effectiveness, i.e. a measure of the outcome of the user's interaction with the system. In this
project, effectiveness is to evaluate if the system as a whole can provide information and functionality effectively
and is measured by how many answers are correct.

4.1.2 Efficiency

The second criterion, efficiency, suggests that specified goals are to be achieved with as little expenditure of
resources as possible (ISO 9241-11, 1998). But in another way, measures of efficiency relate the level of
effectiveness achieved to the expenditure of resources (Bevan, 1995).

According to (Bevan, 1995), resources may be ‘mental or physical effort, which can be used to give measures of
human efficiency, or time, which can be used to give a measure of temporal efficiency, or financial cost, which
can be used to give a measure of economic efficiency’.

Moreover efficiency, which is the relation between (1) the accuracy and completeness with which users achieve
certain goals and (2) the resources expended in achieving them. Indicators of efficiency include task completion
time and learning time. In this study, we use task completion time as the primary indicator of efficiency. In
addition, efficiency is likewise to evaluate if the system as a whole can be used to retrieve information efficiently
and is measured.

4.1.3 Satisfaction

The third criterion, satisfaction, suggests that users should feel comfortable with, and have positive attitudes
towards the use of the system (ISO 9241-11, 1998). In this sense, satisfaction relates to concepts such as ease of
use, user satisfaction and usefulness (Davis, 1989) and (Mathieson and Keil, 1998). The ‘specified context of use’
includes users, tasks, equipment and the physical environment, where ‘task’ is defined in terms of activities
required to achieve a goal (ISO 9241-11, 1998).

Satisfaction is the users’ comfort with and positive attitudes towards the use of the system. Users’ satisfaction
can be measured by attitude rating scales. And can measure by use preference as the primary indicator of
satisfaction.

Finally, Satisfaction looks into the areas of ease of use, organization of information, and visual attractiveness,
and error handling and is measured by questionnaires. Ease of use is to evaluate user's perception on the ease of
use of the system. Organization of information is to evaluate if the system's structure, layout, and organization
meets the user's satisfaction. Labeling is to evaluate from user's perception if the system provides clear labeling
and if terminology used are easy to understand. Visual attractiveness evaluates the site's design to see if it is
visually attractive. Contents evaluate the authority and accuracy of information provide.
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From previous studies, we found interlocking relationships among effectiveness, efficiency, and satisfaction. The
longer it took to perform a task, the greater the number of steps involved. The greater the number of steps
involved in completing a task, the lower the satisfaction. The more time spent on completing a task, the lower
the satisfaction. Further, incorrect answers entailed more steps, while correct answers entailed fewer steps. This
means that when we knew how to locate the answer, it take fewer steps. Although there are interlocking
relationships, effectiveness, efficiency, and satisfaction are three distinct criteria and should be measured
separately. One cannot replace the other.

For that a usability evaluating model has been developed in order to identify a comprehensive set of usability
components needed to evaluate various aspects of is how the CMM KPAs improve the quality of SMP shown in
Figure 3 (Note 1)

4.2 Respondents

The respondents of this study are two companies in Malaysia and these companies were already familiar with the
SMP and its applications and the companies respondents was chosen to fill the questionnaire of this study.

4.3 Procedure

In the beginning, the respondents was received a short, scripted verbal orientation explaining the purpose of the
usability evaluating. Then they were asked to complete a short background questionnaire to collect their
demographic characteristics. The respondents were asked to perform a set of information via a questionnaire
sheet (Note 3) about how to improve the quality of SMP using the CMM KAPs. The tasks were written on a
sheet of paper that included a space where respondents were asked to indicate their answers. Once the tasks were
completed, respondents were asked to complete a short respondent satisfaction questionnaire to collect and test
their own perceptions towards SM.

4.4 Tasks
Respondents were complete three tasks:

1. They completed a background/experience questionnaire that including name, gender, age, education level,
Major/Department, and years of experience.

2. They performed tasks using the questionnaire’s sheet.

3. There was also a post-survey questionnaire that specifically examines CMM KAPs techniques. After
completing a task, the respondents were asked to rank satisfaction and to write down comments.

4.5 Data Collection

This evaluation model considers both quantifying elements of performance (experience and experiment) as well
as subjective empirical. If the answer is wrong, or he/she not familiar with this question then skip to the second
question until all the question will be solved. However, the authors will record whether respondents are able to
complete tasks successfully. The criteria for successful task completion are:

*  Respondent is able to give a correct answer based on his own information about the system. Any guessed or
assumed answers, whether correct or not, are not record as successfully completed tasks.

*  Respondent is able to give a definite answer to the question. Where respondents indicated they are unsure
about the answer or would seek clarification, the task will record as not successfully completed.

4.6 Questionnaires
The purpose of the questionnaire is to prove:
*  Handle the interpretation of the term KAPs of CMM and the company’s key objective in SM.

*  Handle the aspects that come into play in KAPs, such as the existence of a strategy, the processes of quality
control of data, the content that is being managed.

*  Identify the KAPs technique of willingness of cooperation for research work.

Basically, there are two types of questionnaire that we prepared as part of usability evaluating for the
respondents for the level of the questions.

4.6.1 Pre-Survey Questionnaire (background)

A series of questions designed to collect demographic information about the respondents to assess their level of
his information about the system.
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4.6.2 Post-Survey Questionnaire

After the test subject completed each scenario, he/she should answer a specific questions related to the tasks. To
indicate whether the tasks was clear and completed successfully. After the test subjects complete all the
scenarios, he/she will answer eighteen points.

5. Result

The result was conducted according to the methodology described in the previous section. It is starts with an
overview of data collected by analyzing trends. Correlation was measured by Pearson’s Correlation process of
SPSS 16.0, the Quantitative and Qualitative analysis for CMM KPA’s questions were described.

This study applies CMM model to evaluate and improve the quality of the SMP.

Whichever usability evaluation method was used, it is necessary to consider several kinds of usability factors in
a systematic manner. Moreover, in the case of expert evaluation using analytical methods, comprehensive
consideration of usability factors are very important to overcome its limitations.

Several types of data were collected to assess user’s performance and user’s perceptions, as follows:
v Effectiveness was measured by the number of tasks successfully completed.
v’ Efficiency was measured by the amount of time taken to complete all tasks.
v’ Satisfaction was measured by a rating scale for several satisfaction elements.

In addition, we divided the result based on two parts; Quantitative Analysis of CMM KPAs in Software
Maintenance and Qualitative Analysis of CMM KPAs in Software Maintenance. Any task contained 9 questions
(tasks).

5.1 Effectiveness

As we can notice all respondents were able to complete all the tasks. Effectiveness was measured by the number
of tasks successfully completed. For other tasks respondents were able to complete in success percent ranging
between (50% & 100%). The Successful task completion for the individual tasks is summarized in Figure 4 and
Figure 5 (Note 2) below for the respondents. As we can see the average of successfully completion task are high,
according to this results the successfully completion task that presented the effectiveness, achieved correctly.
Moreover these results of the tasks successfully completed are high.

Figure 4 (Note 2) shows that Q2, Q6, Q8 and Q9 are completed answered successfully (100%) and the others
questions got more than 70%.

Figure 5 (Note 2) shows that Q1, Q5 and Q9 are completed answered successfully (100%) and the others
questions got more than 60%.

5.2 Efficiency

Completion time is the one factor used for measuring efficiency in this paper. Efficiency was measured by the
amount of time taken to complete all tasks. An average of 44 minutes and 3.5 seconds per respondent was taken
to complete the all tasks. However, there was much variation among the respondents, for example, the fastest
respondent took only 18 minutes and the slowest took 37 minutes and 9 seconds which are about three times
longer. Pearson’s product-moment correlation analysis was conducted to see if the respondents’ completion time
is related. The results showed that total completion time is independent, (see Figure 6 and Figure 7) (Note 2).

As a result, efficiency was measured by evaluating completion time used in this survey by each respondent.
Respondents who they were familiar with the systems in general tended to use less time to complete their tasks.
When the respondent knows how to get the answer, it takes them fewer time while when they don’t know how to
use the system, they take more time.

5.3 Satisfaction

Respondents Satisfaction measured by using the two scales (YES= respondent agreed, NO= respondent not
agreed). Satisfaction was measured by a rating scale for several satisfaction elements.

According to the result below, the satisfaction for the respondents were in moderate level.

Figure 8 (Note 2) shows the respondent satisfaction for Quantitative analysis for MAS. The Q2 and Q8 give high
satisfaction (Mean=5.10) out of (Maximum =6) and Q6 give high satisfaction (Mean=4.70), and Q7 also give
high satisfaction (Mean=4.40) out of (Maximum=5). All respondents feel satisfied with the system when they
fail to perform the task correctly.
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Figure 9 (Note 2) shows the respondent satisfaction for Qualitative analysis for MAS. Q8 give high satisfaction
(Mean=5.40) and Q9 give high satisfaction (Mean=5.50) out of (Maximum =6) and Q7 give high satisfaction
(Mean=4.20) out of (Maximum=5). 30% of respondents feel less satisfied with the system when they fail to
perform the task correctly.

6. Comparison with the CMM Model

It can be seen at first glance the content of the CMM Model which was used as an input to the adaption process
was extensively modified. When version 1.0 of the maintenance model is compared to the original CMM Model,
it can be seen in table 1 (Note 3) that four of KPAs is unchanged, six have been modified and eleven have been
added.

7. Conclusion

As there are various methods of developing software, different approaches of maintenance activities are adopted
for each different development method. Because CMM focuses on changing the system to make it better able to
adapt to user requirements throughout the software’s lifetime, maintenance becomes easier. It is also good to use
an iterative method for the maintenance phase because iteration is done for each change made to the system and
each bug that is fixed. This allows for smaller and more frequent releases. This ensures that each added part of
the product is fully working before moving onto the next change. Using smaller releases also makes it easier to
code and debug each part. In addition, it allows the developers to have a working product at the end of each
iteration. On the other hand, component based software design is built on the idea of developing software
systems by selecting appropriate off-the-shelf components and then assembling them with a well-defined
software architecture. The maintenance of such systems is done at the component level rather than at the source
code level. Therefore, if a defect is found in a specific part, the maintainers can seamlessly replace that module
with a working one. This is done easily by modifying the glue code. Finally, open source development allows
each user to serve as a co-developer. This leads to the creation of better software and allows users to customize a
program on their own. Any of these development methodologies can be used to make the maintenance phase
more productive and efficient.
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Figure 9. Respondent satisfaction for Qualitative analysis

Note 3:
Table 1. Comparison of KPAs and CMM Model
Level Maintenance Kea Process Area (KPAs) Key Practices for Our New CMM
Model
Unchanged | Modified | New
Initial
Repeatable 1. Requirement Management X
2. Software Maintenance Planning X
3. Software Maintenance Tracking X
4. Software Subcontract Management X
5. Software Quality Assurance X
6. Software Configuration Management X X
7. Transfer to Maintenance Management
8. Problem Management X
9. User Support Management X
10. Organization of Maintenance Function X
11. Role of the Interviewing around the X
Maintenance
Defined 12. Organization Process Focus X
13. Organization Process Function X
14. Training Program X
15. Integrated Maintenance Management X
16. Software Maintenance Portfolio X
engineering
Managed 17. Quantitative Management of the Process X
18. Software Quality Management X
Optimizing 19. Defect Preventive X
20. Process Change Management X
21. Process Improvement Management X
Total Twenty one KPAs 4 6 11
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We observed from table 1 above, some KPAs were derived from the CMM model and modified to map more
closely to maintenance characteristics. Our own results support the validity of separate dimensions
corresponding to maturity levels 2 and 3 respectively. The existence of an additional dimension may reflect the
difference between organizational maturity as characterized by the CMM and process capability as characterized
by ISO/IEC 15504. Note too that both the 15504 studies and our own suggest the existence a similar
“Quantitative Process Implementation” construct. Such similarities based on disparate methods and data provide
additional confidence about both sets of results. Although the KPAs at levels 4 and 5 map to the same dimension
in our current analysis, we can safely conclude that each stage of the CMM corresponds to a dimension of
organizational maturity and that the KPAs in each maturity level are good items for measuring the maturity of a
common underlying construct.

QUESTIONNAIRE SHEET
Appendix A.1 Pre-Survey Questionnaire

Thank you very much for agreeing to participate in this experiment. All of your personal data that we collect will
be entirely confidential. I would like to gather a bit of background information about u.

Respondent Name
Gender: Male Female

Date

How old are you? 20-29 30-39 40-49 50-59 60 or above

Level of education:

Certification Bachelor Certification Diploma
Degree Postgraduate
Appendix A.2 Usability Evaluating Questions

The goal of this Survey to ensure that the CMM KPAs (Key process areas) will improve the quality of Software
maintenance process

I will ask you a series of questions and would like you to think out loud while you look for the answer. Please
remember that we are testing the effectiveness of the CMM and its KPAs and this is not a test of you. The whole
test should take less than one hour. Thank you

Kindly be informed that this survey generalized for all the four part of the Software maintenance:

Corrective: a detected error does not block the normal operation of the system and the solution time is not
critical.

Predictive: when new functionalities are added to the system.

Preventive: consists of the software modification to improve its maintainability and quality properties.
Adaptive: when the system will change its execution environment.

Description for How to Answer the Question:

Evaluation of the matrix: Assign yourself the following points for each

NA =0, where 0 is doing nothing at all = NONE and

1 = Don’t Know, Not Sure or Can’t Say = NO

2 = Not Important or as Not been Addressed = MINIMALLY

3 = Partially Beneficial or somewhat Effective or Less Scope for Overall Improvement =
PARTIALLY

4 = Important or May not be effective but other associated necessary actions being taken =SUBSTANTIALLY
5 = Critical or already in place and effective = FULLY

Also, the scale can generally be summarized as follows for majority situations

'NA 12345’ is calibrated as in

'S (Always) 4 (Often) 3 (Sometimes) 2 (Occasionally) 1 (Never)'

NA (Not Applicable), (Note: "NA" and "1" scale values are equivalent.)
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QUESTIONNAIRE - Part One (Quantitative Analysis)

1. Does your organization follow a documented plan for developing and improving its software process in the
whole process of Software maintenance?

NA 1 2 3 4 5

2. Does the standard software development process documentation describe the use of tools and techniques at
any Software maintenance process project?

NA 1 2 3 4 5

3. Is Software maintenance process mechanism used for assessing existing designed and code for reuse in the
new application?

NA 1 2 3 4 5

4. For each Software maintenance process project involving software development, is there a designed software
manager?

NA 1 2 3 4 5

5. Are Software maintenance process prototype methods used in designing the critical performance elements of
the software?

NA 1 2 3 4 5

6. Are internal design review standard applied in Software maintenance process project?

NA 1 2 3 4 5

7. Are statistics on software design errors gathered at any level of Software maintenance process project?
NA 1 2 3 4 5

8. Do people throughout your organization participate in software process improvement activities in Software
maintenance process (e.g., on teams to develop software process improvements)?

NA 1 2 3 4 5

9. Does the Software Quality Assurance (SQA) function have a management reporting channel separate from the
Software maintenance project management?

NA 1 2 3 4 5
QUESTIONNAIRE- Part Two (Qualitative Analysis)

1. Have your organization conducted a new technologies evaluated to determine their effect on quality and
productivity at any level of the Software maintenance process?

Yes No

2. Are the Software maintenance process project’s actual results (e.g., schedule, size, and cost) compared with
estimates in the software plans?

Yes No

3. Does your organization follow a written organizational policy to meet its training needs in Software
maintenance process project?

Yes No

4. Is a mechanism used for initiating error prevention actions at any level of Software maintenance process?
Yes No

5. Is review efficiency analyzed for any Software maintenance process project?

Yes No

6. Does the Software maintenance process project follow a written organizational policy for performing peer
reviews?

Yes No

7. Are estimates (e.g., size, cost, and schedule) documented for use in planning and tracking the Software
maintenance process project?
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Yes No

8. Are the Software maintenance process project’s actual results (e.g., schedule, size, and cost) compared with
estimates in the software plans?

Yes No

9. Does your organization follow a written organizational policy to meet its training needs in Software
maintenance process project?

Yes No
Appendix A.3 Post-Survey Questionnaire

Thanks again for participating in this experiment. This questionnaire gives you an opportunity to tell us your
reactions to the system you used. Please circle a number on the scale to indicate your reactions. Thank you

QUESTIONNAIRE - Part One (Quantitative Analysis)

1. Is a documented procedure used for selecting subcontractors based on their ability to perform the work in the
Software maintenance process?

NA 1 2 3 4 5

2. Is a mechanism used for error cause analysis at any level of Software maintenance process?

NA 1 2 3 4 5

3. Is a formal procedure used to make estimates of Software maintenance process size?

NA 1 2 3 4 5

4. Are defect prevention activities planned in the Software maintenance process project?

NA 1 2 3 4 5

5. Are the activities for managing software quality planned for the Software maintenance process project?
NA 1 2 3 4 35

6. Does the system requirement in the Software maintenance process activities allocated to software change; are
the necessary adjustments to software plans, work products, and activities made?

NA 1 2 3 4 5

7. Is the project planned and managed in accordance with the project’s defined Software maintenance process?
NA 1 2 3 4 5

8. Are software configuration management activities planned for the Software maintenance process project?
NA 1 2 3 4 5

9. Are automated tools used to analyze the complexity of Software maintenance process?

NA 1 2 3 4 5

QUESTIONNAIRE- Part Two (Qualitative Analysis)

1. On the Software maintenance process project, do the software engineering group and other engineering groups
collaborate with the customer to establish the system requirements?

Yes No

2. Are target computer memory utilization estimates and actual tracked at any Software maintenance process
project?

Yes No
3. Has your organization developed, and does it maintain, a standard Software maintenance process?
Yes No

4. Are Software maintenance process prototype methods used in designing the critical elements of the machine
interface?

Yes No

5. Are automated tools used to analyze cross references between modules in Software maintenance process?
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Yes No

6. Does the system requirement in the Software maintenance process activities allocated to software used to
establish a baseline for software engineering and management use?

Yes No

7. Does SQA (Software Quality Assurance) provide objective verification that Software maintenance process
and activities adhere to applicable standards, procedures, and requirements?

Yes No

8. Are the Software maintenance process activities and work products for engineering software subjected to SQA
(Software Quality Assurance ) reviews and audits (e.g., is required testing performed, are allocated requirements
traced through the software requirements, design, code and test cases)?

Yes No

9. Does the organization follow a plan for managing technology changes in the Software maintenance process
project?

Yes No

Comments:
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