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Abstract Training Program (TP), Intergroup Coordination (IC) and Peer Reviews (PR) are key process areas
(KPA) at the defined level of maturity (i.e. maturity level 3) of the Capability Maturity Model Integration
(CMMI). TPs are typically carried out to ensure that the personnel are well equipped with the requisite skills
necessary to perform their duties. IC on the other hand is aimed at establishing a means for the software
engineering team to work actively with other teams so that projects are able to better meet the needs of
customers with effectiveness and efficiency. PR is targeted at removing defects from the software work products
early and efficiently. This paper is focused on investigating the performance of TP, IC and PR in the Nigerian
software industry and the possible relationship between them. The survey and action research methods were
employed in the study. The study involved the participation of twenty-six out of the thirty randomly selected
Nigerian software companies. The study showed that the performance of TP, IC and PR is relative strong in the
selected companies with the highest performance recorded in the PR KPA. The study equally showed a positive
relationship between the three KPAs. The performance of these KPAs within the country can however be
improved. These KPAs should therefore be given the required consideration to further strengthen them.
Keywords Investigation, Training Program, Intergroup Coordination, Peer Review, Nigerian Software
Companies, Software Process, Software Industry, Nigeria
Introduction
Training Program (TP), Intergroup Coordination (IC) and Peer Reviews (PR) are key process areas (KPA) at
the defined level of maturity (i.e. maturity level 3) of the Capability Maturity Model Integration (CMMI). The
CMMI is made up of 5 maturity levels namely Initial, Managed, Defined, Quantitatively Managed, and
Optimizing. Each maturity level consists of Key Process Areas (KPA) which in turn consists of key practices.
[1-3].
Paulk et al. (1995; 1993) [4-5] and Mead et al. (1996) [6] described the concept of Training Program (TP) as
consisting of the collection of related entities that focus on meeting an organization's training requirements.
This generally consist of an organization’s training plan, training facilities, training materials, development of
training, conduct of training, evaluation of training and maintenance of records. The aim of the TP key process
area (KPA) is to nurture the skills sets of team members so they can perform their roles with effectiveness and
efficiency. TP typically starts by the initial identification of the training needs of the individuals, projects, and
organization. The current and future skill requirement for each software project is evaluated. The necessary
training is then subsequently developed or procured. However, the concept of training as used in the Capability
Maturity Model Integration (CMMI) context is slightly broader than might usually be considered when using
the term. Training is provided to make an individual proficient with specialized instruction and practice. This
training may consist of informal as well as formal mediums for transmitting skills and knowledge to the
personnel in the organization. Certain skills are imparted with efficiency and effectiveness through informal
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mediums such as on-the-job training and informal mentoring, whereas other skills need more formal training
mediums such as classroom training and guided self-study using formal mentoring and apprenticeship
programs, facilitated video and computer aided instruction. The appropriate mediums are identified and
adopted. The TP KPA describes the specific practices related to these training vehicles.
Intergroup Coordination (IC) is focused on establishing a means for the software engineering group to be in
active participation with other engineering groups so that the project is more able to efficiently and effectively
satisfy the needs of the customers. Paulk et al. (1995; 1993) [4-5] described IC as involving the active
participation of the software engineering team with project engineering groups to address system-level
requirements, objectives, and issues. The project engineering groups’ representatives participate in the
establishment of the system-level requirements, objectives, and plans by working with other stakeholders such
as the customer and end users, as required. The established requirements, objectives, and plans then become the
basis for all other engineering activities. Furthermore, the technical working interfaces and contacts between
groups are planned and managed to ensure the quality and integrity of the entire system. Technical reviews and
transactions are frequently conducted with representatives of the project's engineering groups to ascertain that
all engineering groups are conscious of the status and plans of all the groups, and that system and intergroup
concerns obtain appropriate attention. The software-specific practices related to these engineering tasks are
described in the Requirements Management and Software Product Engineering key process areas.
Peer Review (PR) is aimed at early, efficient and effective elimination of defects from the software work
products with the significant consequent effect of build a better understanding of the software work products
and of the defects that can be prevented [4-5] . PR has equally been describes as a valuable and highly effective
engineering technique that is drawn from Software Product Engineering and can be implemented by the use of
structured walkthroughs, Fagan-style inspections, or a number of other collegial review methods [7-8]. PR
entails a systematic inspection of software work products by the producers' peers to detect defects and parts
where modifications are required. A number of studies have discussed the concept of defect detection and
prevention as involving the analysis of defects that were encountered in the past and taking specific actions to
prevent the occurrence of these types of defects in the future [9-13]. The defects may have been identified on
other projects as well as in earlier stages or tasks of the current project through Peer Review. Both the project
and the organization take specific actions to prevent occurrence or recurrence of such defects. The particular
products that will go through a peer review are identified in the project's defined software process and
programmed as part of the software project planning activities. The practices identifying the particular software
work products that are subjected to PR are contained in the KPAs that define the development and maintenance
of each software work product.
The present paper is aimed at projecting three key process areas at the Software Engineering Institute (SEI)
Capability Maturity Model Integration (CMMI) maturity level 3. These key process areas, namely TP, IC and
PR, were studied within the context of the Nigerian software industry. Other studies that have explored CMMI
implementation in Nigeria include Aregbesola and Akinkunmi (2010a; 2010b) [14-15], Aregbesola et al. (2011)
[10], Aregbesola and Onwudebelu (2011) [16], Aregbesola and Oluwade (2014) [9], and Aregbesola (2017)
[17].
It should be noted that there is a difference between review and peer review. A review typically occurs at the
end of a task and involves presenting a software work product, or set of work products, to stakeholders (such as
managers, the customer, and end users) for their comments or approval. At a peer review however, a software
work product, or set of work products, is presented to the producer's colleagues to identify defects. The other
stakeholders (Managers, the customer, and end users) are typically not present in a peer review. Peer reviews
are an essential, in-process part of a task. They are implemented so that defects can be eliminated early,
resulting in increased productivity and high-quality products. While some software work products will be
reviewed, others will undergo peer review or both reviews and peer reviews.
In the present paper, a total of thirty Nigerian software companies were randomly selected for study using
survey research and action research methods, out of which twenty six companies actually participated. The
study showed that the performance of TP, IC and PR is relative strong in the selected companies with the
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highest performance recorded in the PR KPA. The study equally showed a positive relationship between the
three KPAs in the Nigerian software industry.
Research Methodology
The methodology employed in the current study is presented in this section. The survey research and action
research were the two major research methods applied in the study. Using survey research, the software
practices adopted by many of the Nigerian software companies were examined. A total of 30 Nigerian software
companies were studied. Most of the companies, 27 of them, were based in Lagos, South-Western Nigeria.
Three (3) were based in Asaba, in the South-South geo-political region of Nigeria. A total of Twenty six (26)
(i.e. 86.67%) of the 30 selected companies eventually participated in the study. The sampling method was
stratified from the perspective that the majority of Nigeria’s software companies are based in Lagos. Lagos is
commonly considered the commercial nerve centre of the country. The SEI Maturity Questionnaire [18] was
used to gather information about software process implementation within the companies covered. This
instrument served as the key data collection tool for the survey.
Some of the companies were considered for more detailed investigation using the action research approach. A
direct observation of their activities and environment was carried out. Measurement of process-related
phenomena was also performed. The companies affected were visited and observed over a period of time to see
how they actually implement their software development process. Both structured and unstructured interviews
were used to acquire information. Print and electronic documentation were equally explored as sources of useful
details about the companies and their operations.
Research Outcomes
The results of the investigation carried out on the Nigerian software industry with regards Training Program
(TP), Intergroup Coordination (IC) and Peer Review (PR) are summarized in Tables 1, 2 and 3 as well as
Figures 1, 2 and 3.
Table 1: Outcomes for key practices in the Training Program (TP) KPA
Questions (Key Practices)

Responses
Yes%

No%

NA%

DK%

1. Are training activities planned?

58

35

0

8

2. Is training provided for developing the skills and knowledge
needed to perform software managerial and technical roles?

73

12

0

15

3. Do members of the software engineering group and other
software-related groups receive the training necessary to perform
their roles?

38

27

31

4

Does your organization follow a written organizational policy to
meet its training needs?

8

81

4

8

4. Are adequate resources provided to implement the organization’s
training program (e.g., funding, software tools, and appropriate
training facilities)?

19

77

4

0

5. Are measurements used to determine the quality of the training
program?

19

73

0

8

6. Are training program activities reviewed
management on a periodic basis?

15

73

0

12

33

54

5

8

Average

with

senior
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Figure 1: Chart of responses to key practices in the Training Program (TP) KPA
Table 2: Outcomes for key practices in the Intergroup Coordination (IC) KPA
Questions (Key Practices)

Responses
Yes
%

No
%

NA
%

DK
%

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

77

23

0

0

2. Do the engineering groups agree to the commitments as represented in the
overall project plan?

62

19

4

15

3. Do the engineering groups identify, track, and resolve intergroup issues
(e.g., incompatible schedules, technical risks, or system-level problems)?

19

65

8

8

4. Is there a written organizational policy that guides the establishment of
interdisciplinary engineering teams?

4

77

8

12

5. Do the support tools used by different engineering groups enable effective
communication and coordination (e.g., compatible word processing systems,
database systems, and problem tracking systems)?

73

8

8

12

6. Are measures used to determine the status of the intergroup coordination
activities (e.g., effort expended by the software engineering group to support
other groups)?

15

85

0

0

7. Are the activities for intergroup coordination reviewed with the project
manager on both a periodic and event-driven basis?

19

35

19

27

Average

38

45

7

10
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Figure 2: Chart of responses to key practices in the Intergroup Coordination (IC) KPA
Table 3: Outcomes for key practices in the Peer Reviews (PR) KPA
Questions (Key Practices)

Responses
Yes
%

No
%

NA
%

DK
%

1. Are peer reviews planned?

77

8

4

12

2. Are actions associated with defects that are identified during peer
reviews tracked until they are resolved?

73

12

0

15

3. Does the project follow a written organizational policy for performing
peer reviews?

15

77

4

4

4. Do participants of peer reviews receive the training required to perform
their roles?

69

15

8

8

5. Are measurements used to determine the status of peer review activities
(e.g., number of peer reviews performed, effort expended on peer reviews,
and number of work products reviewed compared to the plan)?

77

15

8

0

6. Are peer review activities and work products subjected to SQA review
and audit (e.g., planned reviews are conducted and follow-up actions are
tracked)?

15

73

8

4

Average

55

33

5

7
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Figure 3: Chart of responses to key practices in the Peer Reviews (PR) KPA
Discussion
Extracts of the employed SEI maturity questionnaire [18] consists of two major sections. The first section is
made up of questions regarding software process key practices within the KPA in organisation. The second
section which is the response section consists of four response options namely “Yes”, “No”, “NA” for Not
Applicable and “DK” for Don’t Know. These four were the response options available to each respondent with
regards to the organizations performance of the respective key practices in the questions section.
As depicted in Tables 1, 2 and 3, three KPAs (Training Program (TP), Intergroup Coordination (IC), and Peer
Review (PR)) associated with the SEI CMMI Maturity level 3 as discussed in this paper have relatively good
level of positive performance. The positive performance is as depicted by the Yes% responses to the
performance of key practices within each KPA. Figures 1, 2, and 3 are graphical depictions of Tables 1, 2, and 3
respectively. The level of informedness about the KPAs is equally seen to be high as shown by the low DK%
responses, which is an indicator of unawareness. The research outcomes equally showed an overall positive
interaction among the three KPAs. The research outcomes show that the positive performance of TP and IC
resulted in a much higher level of positive performance in PR.
Conclusion
This paper has focused on the investigation of the performance of three key areas of software process definition,
namely, Training Program (TP), Intergroup Coordination (IC), and Peer Review (PR). By using survey and
action research methods, it has been shown that the performance of these key process areas is relatively high in
the Nigerian software industry. There however still exists plenty of room for better performance. It is therefore
recommended that these KPAs be given the required attention so as to strengthen them and improve the overall
maturity level of the individual companies and the entire industry with the country.
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