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(RO cre s

Abstract

In project-based organizations knowledge is a critical resource used to devel-
op and deliver products and services with a high level of quality. Therefore, a
systematic and sustainable process is necessary to coordinate knowledge
management, project management and product lifecycle. This scenario pre-
dominates in companies focused on the creation and maintenance of infor-
mation systems. This article presents an exploratory study based on a frame-
work that integrates cognitive, managerial, and operational processes in a
public Brazilian organization that provides services in the area of information
and communications technology, focusing on the construction and mainten-
ance of information systems. Those processes are operationalized by three
management models considering knowledge, project, and software develop-
ment processes. Our proposal aims to understand the relationships between
those three management models and their influence on the software devel-
opment process in the organization under study. Our premise is based on the
principle that cognitive management, project management, and software de-
velopment management must be integrated to fulfill the demands of product
development and service provision. The research data was composed of reg-
isters of working hours spent on software development and maintenance
projects involving 244 people allocated to 5064 projects in the period from
2007 to 2013. The study resulted in the identification of the relationships
among the three management models adopted by the organization, with em-
phasis on knowledge management activities, which were not directly identi-
fied, making it difficult to account for and measure them. We established a
set of activities connected to each one of the knowledge management model
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phases. Since those activities were not visible before, our approach contri-
buted to build a systematic process to register and relate activities linked to
the dimensions of cognitive processes, project management, and software
construction.

Keywords

Knowledge Management, Knowledge Sharing, Integrated Management,
Project Teams, Software Development

1. Introduction

In organizations strongly dependent on knowledge to develop project-based
products and services efficiently, effectively, and with a high level of quality, a
systematic and sustainable process is needed to guide and manage this know-
ledge, to support the performance of processes and activities that directly or indi-
rectly depend on such knowledge. This scenario predominates in project-oriented
companies focused on the creation and maintenance of information systems.
One issue concerning the adoption of knowledge management in such organiza-
tions is the lack of visibility of the concrete actions that materialize the plans de-
veloped in the strategic sphere. Such actions must be systematized at the tactical
level to guide their application at the operational level in the same way as with
other types of models, such as the one adopted for project management pre-
sented in [1]. Another example of standardization of activities comes from the
software development process management model, the Capability Maturity
Model Integration detailed by [2]. The complexity of software development en-
vironments is notoriously influenced by the overlap of the various views and
models that they use. In our study, we consider the three managerial dimensions
essential for conducting the work performed in software development and main-
tenance. The first, at the operational level, is the execution or construction and
corresponds to the core of what needs to be delivered, which is the software. At
this level, the activities that make up the development process are performed. At
the level immediately above is the project management dimension, whose main
purpose is to guide the process of building and maintaining software, coordi-
nating actions that support the software life cycle to create a favorable context
for its development within the project management perspective. Finally, the third
layer corresponds to the managerial processes related to strategic knowledge,
which is reflected in the performance of all tasks at the operational level. This
context raises the main research question of our study: How project managers
and team members can visualize and measure the progress of projects, in an in-
tegrated approach, considering models related to software development, know-
ledge, and project management simultaneously? In this sense, the goal of this
study is to understand how the management models linked to the software de-

velopment and maintenance process are integrated to contribute to project
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management and to categorize project tasks related to software creation and
maintenance in terms of the knowledge lifecycle adopted by a public organiza-
tion specialized in information and communications technology services. To
answer this question and attain our aim, we chose a sector responsible for soft-
ware construction and maintenance in a public Brazilian company providing
services in the area of information and communications technology, SERPRO,
Servico Federal de Processamento de Dados, as the research object. Our ap-
proach highlighted the role of activities related to the models of knowledge,
project, and development process management, and the existing relationships
between them.

Previous studies also treat Knowledge Management, Software Development
Management and Project Management related to the diffusion of organizational
knowledge. However, they do not interconnect these three managerial areas in a
systemic manner. This article presents an empirical model that describes the re-
lationship between the activities of management models of the structural basis of
knowledge used for software construction and maintenance. The model was
based on the assumption that software construction and maintenance depend on
cognitive processes, project coordination, and management processes related to
the construction and management of software development. To achieve this ob-
jective, it was necessary to: 1) map the activities related to the three management
areas; 2) apply the mapping to the data on personnel allocation records to soft-
ware construction projects comprised between 2007 and 2013; 3) identify orga-
nizational actions that fit the knowledge management vision adopted for the
analysis model; and 4) analyze the results obtained.

This article contains seven sections, the first being this introduction. Next, we
present the theoretical framework that supported our research, considering the
three main management areas that form the integration model. The third section
describes the organizational environment where the research took place. In sec-
tion four, we discuss the methodological path adopted and describe the analysis
model that served as a filter to understand the relationships between the three
management models and their phases. The fifth section describes the results ob-
tained and presents the analyses. The sixth section discusses the results and fi-
nally, in section seven, we make the final considerations, present the conclusions

and suggest extensions for futures researches.

2. Management Models and the Software Construction
Process

The development of project activities in organizations is aided by several man-
agement models. The construction of organizational culture helps to shape what
[3] termed “Ba”, which comprises a set of structural and behavioral elements
that influence the process of creation and diffusion of organizational knowledge.
It is important to understand this context, considering the various models
adopted by organizations to perform both their routine activities and their

projects.
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2.1. Strategic Knowledge Management and Software Development

Knowledge is the basis for all organizational development, regardless of the area
of study in question. However, as a formal discipline, Knowledge Management
represents a relatively recent area of study applied to organizational business. In
Brazil, it became notorious in the 1990s, mainly due to the dissemination of the
studies by [4]. The recognition of this area of study can be seen in the use of the
word knowledge itself in most denominations of systematic approaches for the
application of management models and best practices, such as PMBOK de-
scribed by [1] and SWEBOK described by [5]. The first example is one of the
main references for project management and the second, an equally important
reference in the area of software development.

Even though there is already a vast set of references that provide examples of
the application of knowledge management in various organizations, such as [4]
as well as [6] and [7], there is still no consolidation of best practices in a format
similar to that presented in the areas of project management and software de-
velopment process management. However, [8] presented a well-structured com-
pilation of the main concepts and practices in knowledge management.

The strategic view of knowledge as described by [9] has the purpose of identi-
fying, developing, disseminating, and updating relevant knowledge in a strategic
way for organizations using both internal and external processes. These authors
also consider that organizational knowledge is the result of interactions that oc-
cur within the company and that are developed through learning processes. In
this sense, the knowledge necessary to develop the work in software develop-
ment and maintenance projects is distributed throughout the various stages of
projects, being shared and developed over the whole period of software con-
struction. These stages make up the software development life cycle, as demon-
strated by [10] and [11]. In addition to the knowledge management necessary
for software development, it is also necessary to apply the best project manage-

ment practices to obtain high-quality software.

2.2. Project Management

Project management is the area responsible for coordinating the implementation
of projects, considered temporary and exclusive ventures for the creation of ser-
vices or products under certain time and budget constraints, as defined by [1]
and [12], in addition to the constraints imposed by the definitions of the product
or service requirements. As with other management models, the model proposed
in [1] also comprises phases that represent the life cycle of the projects, in a gen-
eral sense. Each phase in turn includes a set of activities considered relevant and
adopted as a set of best practices for the successful completion of projects. Still
regarding project management, [13] also considers that this area addresses both
project management and the business management organizational area. The re-
ferred author emphasizes this aspect by considering that project decisions have a

direct impact on business decisions, especially regarding strategic projects for
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organizations.

At the same time, the adoption of project management models brings practic-
al results to the operational activities of organizations. What is expected is that
by executing the projects using these best practices, organizations can obtain
better results in their production process and consequently in the services and
products that may result from the projects. Thus, understanding these activities,
as described in [1], is part of the knowledge necessary to execute tasks to be ac-
complished in the scope of projects, but it is also necessary to acquire managerial
knowledge that is positioned at the tactical level of decision-making in the or-
ganization. These activities guide, coordinate and direct the development of the
work itself, which will result in the construction and maintenance of software in
the case of organizations focused on this branch of activity.

The life cycle of project management according to [1] is synthetized in five
phases in which the various management activities related to each of the ten
areas of knowledge included in the model proposed in the PMBOK are distri-
buted. Thus, initiation, planning, executing, monitoring & controlling and clos-
ing, consist of well-defined phases that occur in parallel to the project execution,
as they refer to management and not to implementation. In a similar way, the
software development process management model is composed of specific phas-

es that guide the project execution.

2.3. Software Development Process Management

Several methodologies and techniques have been developed to minimize prob-
lems related to the construction and use of the software. Such methodologies
have evolved seeking to increase the quality of the software products offered,
based on the principle that product quality depends on the quality of the process
used to produce it, and this principle has been the basis for the development of
software engineering as defined by [14].

The improvement of methods and techniques applied to software construc-
tion culminated in the structuring of development processes, along the same
lines as the processes used in traditional engineering. The term process, as adopted
in this work, follows the definition given by [15], who consider a process as a
systematic and organized approach to plan, coordinate and execute tasks aimed
at the improvement and effectiveness of software product development. The re-
ferred authors have identified four main benefits of the adoption of formal
management processes: communication, coordination, training, understanding,
and improvement. For these authors, the specifications of processes in complex
projects can also be useful to deepen the understanding of the nature of a process.
The process specifications that can present a clear high-level image can also pro-
vide deep dives into higher levels of detail and are relatively more effective in
supporting understanding.

For [10], the process layer forms the basis for software engineering. That

holds the technological layers together and allows the development of the soft-
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ware. This basis is also useful for the management control of software projects
and establishes the context in which technical methods are applied, work prod-
ucts (models, documents, data, reports, forms, etc.) are developed and used, mi-
lestones are established, quality is ensured, and changes can be managed.

In relation to tasks and activities, [10] describes a scale in which a process is a
collection of activities, actions, and tasks that are performed when a work prod-
uct should be created. In this sense, an activity represents an effort to achieve a
broad objective and is performed regardless of the application that determines
the domain, the size of the project, the complexity of the effort, or the degree of
rigor with which software engineering should be applied. An action encom-
passes a set of tasks that produce a great work product. A task focuses on a small
but well-defined objective that produces a tangible result.

The referred authors argue that software engineering methods provide means
to build software, and the methods cover a wide range of tasks that include
communication, requirements analysis, design modeling, program construction,
testing, and support. Software engineering methods have a set of basic principles
that govern each area of technology and include modeling activities and other
descriptive techniques. All these activities should be performed based on know-
ledge and are guided by other activities that occur in parallel and that concern

the management of software projects.

2.4. Related Studies

Among the various approaches studied that address the process of creation and
diffusion of knowledge in the organizational context involving software devel-
opment projects, we reviewed [16] [17] [18] [19] and [20]. In the study by [16],
the SECI model of [4] was applied in the requirements assessment phase of the
software development process. [16] argued that this is a phase of the process
where knowledge is intensely produced. In turn, [19] studied some characteris-
tics of knowledge exchange in project teams based on social network analysis
techniques. A more in-depth longitudinal study that involves social network
analysis was conducted by [21], and several metrics associated with knowledge
networks that influence the process of knowledge creation and diffusion were
identified and measured. In the referred research, emphasis was given to social
network metrics applied to knowledge exchange considered in software devel-
opment teams in contrast to the formal process of knowledge management as
treated in the present article. In the work of [22], metrics related to the process
of software development were also considered, but in their research the main
concern was software development productivity and development time. In con-
trast to the referred authors, in the present article, we give emphasis to the
knowledge management process in a qualitative approach, since the construc-
tion of a qualitative basis is the foundation for obtaining consistent indicators
for process measurement and evaluation.

The work of [23], proposes a pragmatic approach involving the coordination
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of multiple teams of software development projects based on the agile metho-
dology. Our work differs from the one presented by the referred authors, mainly
because our focus resides in giving visibility to knowledge management process
areas and their activities, with respect to the development of software projects.

The modeling proposal presented by [20], however, is the one that is closest to
ours, both from the point of view of the objectives and from the point of view of
the context where it is applied, considering that these authors also studied the
process of creation and diffusion of knowledge related to software development.
In our study, although the company studied effectively strategically applies know-
ledge management, to support the work processes of its target area, there is no
formal structure in the organization that delineates the practices of knowledge
management in a systematic and standardized way. Therefore, the construction
of a list of activities associated with the phases of a knowledge management model
is important to initiate a systematic process of organizational knowledge man-
agement, aiming to make it sustainable and resulting in continuous improvement
actions. The foundations of the model structure considered in this work are
based on the model presented by [24].

In the work presented by [25], an exploratory study was conducted based on a
multi-case study involving two large-scale software production projects of two
large companies, using software development teams as units of analysis. The
study described in that report collected empirical data from surveys, interviews,
focus groups, observations, and documents. The approach adopted by [25], ad-
dressed large-scale software development by conducting a multi-case study that
compared the formation of knowledge networks in two different companies.
These authors sought to explore the role of knowledge networks and the respec-
tive influencing factors on the large-scale software development process.

Based on the research data obtained from focus groups and interviews, these
authors made comparisons between the various characteristics and mechanisms
of knowledge networks. In their report, [25] describe that social network analysis
enabled building the team networks, to perform the thematic coding of the cha-
racteristics of the networks and the environmental factors influencing them, and
to summarize and tabulate the data to identify the trends. [25] developed a mod-
el of factors that influence knowledge networks and the behavior related to the
formation of networks. The set of factors served, according to these authors, to
establish hypotheses based on the results obtained by the data analysis. The re-
ferred authors concluded that the formation of networks is of paramount im-
portance for the successful development of large-scale software construction
projects. In our study, the same consideration is made, and our assumptions are
based on the formation of these knowledge networks, supported by technologi-
cal factors and organizational management factors related to the software de-
velopment process. But the focus on the structure and behavior of knowledge
networks is treated in detail by [21] [26] and [27] where studies in the same or-
ganization took place.

In turn, [20] address complex software development projects, considering
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planning, stakeholder communication, and aspects related to collaboration in
the various phases of software construction projects. These authors consider that
software development and maintenance are part of an evolutionary system of the
software process. In their work, they argue that the adoption of knowledge man-
agement practices in software engineering benefits the construction and espe-
cially the maintenance of software. The results presented integrate knowledge
management with software engineering to identify influencing factors and rela-
tionships of cause and effect between the knowledge creation and diffusion process
and the obtainment of quality software. Contrary to the approach presented by
[20], who consider that the nature of software maintenance presents some diffi-
culties concerning the knowledge necessary for the software process related to
this activity, in our study, we understand that the role of documentation that
represents explicit knowledge about the operation of the software is to promote
good communication between stakeholders about what should be accomplished
in projects. This role is prescribed in the software requirements elicitation macro
activity presented in the CMMI model. In addition to providing the under-
standing and improve knowledge present in the initial stages of requirements
analysis in the process of building new software, so that the software meets the
expected needs regarding the evolutionary process represented by software
maintenance, documentation should provide the knowledge base for the execu-

tion of maintenance projects.

3. Research Environment

The organizational structure selected to carry out the research was the depart-
ment responsible for projects of software development and maintenance of the
Federal Data Processing Service (SERPRO), a Brazilian public company provid-
ing information technology and communication services for the Brazilian feder-
al government. SERPRO is the largest public company providing information
and communications technology services in Latin America and was founded in
1964 to initially support, with information technology services, the various agen-
cies and companies of the Brazilian federal government have over time expanded
its operation to provide services to other companies and citizens. The organiza-
tional environment is formed by technological components, material resources,
and human resources, which are quite heterogeneous and undergo constant
mutation, mainly because the core business area of the organization is directly
related to technology. Because of this condition, quite different technologies and
platforms harmoniously coexist in the company to meet a wide range of demands
for services and systems. In the organizational dimension, focused on meeting
customer needs, the company adopted several management models, each fo-
cused on its specialized areas of support to the process of developing systems and
providing information and communications technology services. Thus, it was
possible to test and apply several of the main existing models in the market, such
as the CMMI® (Capability Maturity Model Integrated), focused on the software
development process, or even the proposal applied to project management,
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based on the set of best practices presented by the Project Management Institute,
PMI® and consolidated in the Project Management Body of Knowledge, PMBOK®.
In addition, the company adopted a knowledge management strategy to channel
the knowledge produced to obtain better results. One of the major challenges
faced by the organization was the integration of the various models in addition
to ensure the compatibility and integration of the various technologies used in

its production process.

4. Methodology

Our proposal consisted of making the knowledge management model presented
by [24], operational, seeking to adapt it to the reality of the organization. For
this, we adopted a bottom-up approach applied to exploratory research, which
started from the identification of the primary activities related to the area of
software project development, applied in the operational base of the company.
From this identification, and the pre-existing classification of these activities in
the software development process management model in use in the period con-
sidered for the research, we built a model that relates the software development
process management activities to the activities of project management and those
of knowledge management. Based on this model that integrates the three main
management approaches adopted by the organization, we framed the work ac-
tivities in the phases corresponding to each of the management models to then
infer the corresponding phase of the knowledge management model as a result.
Our approach is grounded on three management pillars: knowledge manage-
ment, here addressed from a strategic point of view; project management, which
indicates at the tactical level the best practices to be applied in carrying out
projects, showing how to execute them to obtain better results; and finally, the
software development process management, considered at an operational level,
which aims to apply techniques and methods that seeks results of high-quality
software. These three areas were combined into a model that integrates phases
and activities and was used to map work tasks performed in software construc-
tion and maintenance projects over seven years in the organization under study.
The mapping was performed using data from the daily recording of work activi-
ties, performed by the employees of the organization under study. In this step,
we used the existing records of the information system used to manage software
project activities at the operational level, which describe tasks classified accord-
ing to the management model in use at the time of the implementation of the
projects. This classification categorizes the activities according to the phases of
the project, seeking to fit them into the management model of the software de-
velopment process. Based on this initial classification, a relationship was estab-
lished between the phases and activities of the management model of the devel-
opment process and the project management and knowledge management mod-
els. This mapping was based on the characteristics of the activities, on the exist-
ing information about the phases of the development process, and also consi-

dering theoretical assumptions that suggest points of intersection between phas-
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es and activities of each of the models used. Once the relationships between
phases and activities were established, the recorded activities were framed within
the model developed using the categories and descriptions reported for each
task. Subsequently, the already classified data were sorted by the date when the
task was performed, and grouped by people and sectors responsible for it and by
process group that corresponds to a set of tasks of each of the three management
models. Since the data were gathered and structured, it was possible to aggregate
and consolidate results to perform analyses. Figure 1 details the methodological
procedure adopted for the study. Initially, we considered the organizational en-
vironment and performed an analysis that resulted in a model that represents
the synthesis of management practices adopted by the organization, considering
the main management models adopted at the operational, tactical, and strategic
levels.

From this general model, it was possible to identify the operational practices
implemented in each process group in the respective models. Next, we built the
data model shown in Figure 2, which resulted in the construction of a database
to store the data directly extracted from the working hours obtained from the
project management system and the data resulting from the aggregation of the
elements of the analytical model built for the study. The modelling was made
following the Unified Modeling Language methodology, as suggest in [28]. Sub-
sequently, the relationships between the management models were established,
giving rise to the relationships shown in Table 1 that includes the cognitive di-
mension of the knowledge management model at the strategic level, the coordi-
nation dimension or project management at the tactical level, and the operation-
al dimension associated with the development process management model.

Management Model
Integration Process

Environment . Models Analysis of
Analysis Data Modeling Relationships Results
izati Build Data Identify
Model Analysis Or%:;r:czt?z:nal — — relationships || — Co$gili}e1:(e)iults
Models beteween phases 14
| | Modelsand Build Practices || |  Populate | ] P(;Eﬂltai:)enﬁ?del | ] Analyse
Systems Model Structures Tables Table P Measurements
Cath iz . Organize, Verify
— Model Mapping & eg-orl i . Verlf_y Data 1| |04 Validate ~ | |— Sinthetize results
Practices Consistency Data
Activities Evaluate impacts
] s — on the
Detailing ornganization
| | Choice of
Metrics

Figure 1. Detailed methodological process. Source: (The authors, 2020).
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| mo

7 id_model_type INT
@ nm_mode_type VARCHAR(45)

< projectdescription VARCHAR(45)
Zidkm INT + $< 2id_team_member INT
<idPrj INT 2 id_knowledge_cathegory INT
QidMng INT 1 project_idProject INT

Indexes

¥ id_model INT
+ & nm_modd VARCHAR(45) _ Sl
& ds_madel VARCHAR(200) 7 id_model INT
& sg_model VARCHAR(S) ¥ id_model_phase INT
7 id_model INT ~— #| id_model_type INT 7 id_model_phase_activity INT
7 id_model_phase INT I T modeltype_id_model_type INT 7 id_model_phase_subactivity INT
@nm_model_phase VARCHAR(45) [ @ nm_mode_phase_subactivity VARCHAR(45)
@ model_id_model INT < dsc_model_phase_subactivity VARCHAR (250)
T project_activities_idproject_activities INT
T project_activities_project_idProject INT
Indexes
I_ph ¥ idworking_hours INT
¥ id_model INT Pid_team_member INT
1 id_model_phase INT id_project INT
7 id_model_phase_actvity INT < dt_wrk_hours DATETIME
< nm_model_phase_activity VARCHAR(45) id_knowledge_cathegory INT
¥ model_phase_id_model INT T knowledge_cathegory_id_knowledge_cathegory INT 7 idteam_member INT
? model_phase_id_model_phase INT < T team_member_dteam ber INT @ nm_team_member VARCHAR(150)
1 project_subactivity_id_maodel INT & nr_register INT
¥ project_subactivity_id_model_phase INT
e —————— ¥ project_subactivity_id_model_phase_activity INT
ry— :project_subacwtv_-d_mdel_phm_abacmmr _
@ rm_knowlede,_cathegory VARCHAR(AS) WKLSM“ ty_project_activifes_idproject_activities INT
¥ project_subactivity_project_activifies_project idProject INT

Indexes

Figure 2. Data model used to support the research. Source: authors (2020).

5. Results

The data structure that supported the construction of the model is shown in
Figure 2. From this structure, it was possible to obtain queries and derive new
tables to perform the research analyses. The initial structure consisted of the
record of people, projects, allocation of people to projects, and recording of
hours. To this structure, we added the elements related to the management
models and their respective phases, activities, and sub-activities. In addition to
describing the existing environment, the data model offers the possibility of

adapting and updating the currently adopted models, or even including other
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models.

The class that represents the mapping in the data model has a structure that al-
lows the cross-referencing of activities of each of the adopted models to indicate
the intersection between activities present in each of its phases. This table is,
therefore, the main contribution of modeling to identify the relationships between
models, their phases, and activities. The complete mapping performed considering
the three models adopted at the time of the study is shown in Table 1.

Table 1 is the result of the mapping of the relationships between the three
models and offers a three-dimensional view of these relationships. To identify
the existence or absence of a relationship between the phases of each of the mod-
els, we consider the underlying activities described in the references of project
management, software development, and knowledge management, Ze., [1] [5]

and [24], respectively.

Table 1. Mapping of knowledge, project, and process management models. Source: authors (2020).

Knowledge Management Project Management

Model
; Monitorin,
Mapping Identification Acquisition DevelopmentDissemination Use Preservation Initiating Planning Executing ,g Closing
& Controlling
Initiating
Planning . .
Project Executing . . * °
Management Monitoring &
. .
Controlling
Closing .
Requirements . . . . .
Design . . . .
Software
. . . . .
Construction
Software Testing . . . . .
Software
. . . .
Maintenance
Configuration
. . . . .
Management
Engineering
. . . . . .
Management
Engineering
. . .
Software Process
Development  Engineering
Management Models and . . .
Methods
Software Quality . . . .
Engineering
Professional . .
Practice
Engineering
. .
Economics
Computing
. .
Foundations
Mathematical
. .
Foundations
Engineering
. . .
Foundations
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The analysis of the organizational environment sought to identify structural
and behavioral elements in that environment that could reveal the practices re-
lated to the management models considered. Thus, for the development process
management model, the CMMI was identified. In the area of project manage-
ment, we observed the practices related to the model described in [1] and in the
area of knowledge management, although it is not formally possible to identify a
pattern in the company, one can identify from the organizational practices that
the model that best represents the process is the model of [24]. Thus, based on
that and the structure provided by each model, we could build the practices map
that represent the effective behavior of the company when using the models and
performing its daily activities.

Table 2 is the result of the compilation of development management activities
in the process proposed by [24]. From this compilation, we observed the orga-
nizational environment to identify the presence of each of the suggested practic-
es. Here, it is important to note that as there is no universally accepted standard
on what activities should fall within each phase, it would be possible to establish
a different list of activities if the organization were another or if there was a
change in the organizational context. The results are described in Table 3, which
indicates the identified organizational practices for each activity when they exist.

After including the mapping in a class of the data model that supported the
data structuring and analysis of results, it was possible to relate the set of daily
activities reported by the staff members of software development and mainten-
ance project teams, considering the categorization of these activities, which re-
sulted in a class of relationship between activities performed and phases of each
model. This table was the basis for the construction of the query and allowed
different views of the data and consequent plotting of the data.

From the structuring of these data, it was possible to infer both from a qualit-
ative and quantitative point of view the existence of activities related to the
knowledge management model, which were not explicitly categorized in the in-
formation system used for daily recording of activities.

The activities of each phase of the knowledge management process presented
in Table 2 were compiled from the reports and suggestions of practices pre-
sented by [24]. This set of activities cannot, however, be considered definitive
and complete. On the contrary, the model proposed here suggests that this clas-
sification may change and undergo adaptations to include, exclude or modify the
activities presented, as necessary for each project. A structure similar to that
presented in Table 2 and that inspired its development can be found in [28]
based on the structure presented in [1] but applicable to the area of project
management. Similarly, [5] provides a list of activities that compose the software
development management processes, according to the model presented by these
authors. By applying the knowledge management model, together with the activ-
ities that compose it and which are described in Table 2, within the organiza-

tional environment where the study was applied, we sought to identify examples
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Table 2. Activities of the knowledge management process. Source: authors (2020), based on [24].
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Table 3. Knowledge management process activities identified in the organization.

Knowledge Management process activities identified in the organization

Identification

Mapping internal and
external knowledge

Identification of knowledge
flow

Knowledge gaps
identification

Mapping of projects

Visibility of employees
and structures

Understand the
knowledge environment

Responsibilities and limits
of access to information and
knowledge

Construction and use of
systems to support access to
information and knowledge

Development of knowledge
search strategies

Benchmarking
Mapping knowledge sources

Construction of knowledge
matrices

Acquisition

The company maintains a record of the main areas of knowledge related to its set of core
competencies, as well as an updated record of employee resumes.

The flow of knowledge is mainly reflected in organizational processes, especially concerning the
system development process. There is no integrated view of this flow.

Knowledge gaps are identified at the operational level of the organization and it is usually up to the
sector manager in collaboration with team members to identify these gaps.

It occurs at the national level. The company maps all the ongoing projects distributed across its
various units. This helps in determining the direction of new projects and reallocating projects and
people between sectors. At the operational level, this contributes to the exchange of knowledge and
resolution of problems related to ongoing projects.

The visibility of employees and structures is present in the organization. There is an information
system that catalogs functions identify employees and their respective allocations in sectors that
make up the organizational structure.

The understanding of the organizational knowledge environment can be identified at all levels of
the organization (strategic, tactical, and operational). At the strategic level, this understanding is
reviewed at each new planning cycle that includes actions aimed at knowledge management, with
the participation of employees in its preparation.

It occurs according to the information security policy implemented by the organization.

Although there is no system specifically focused on knowledge management, the existing support
systems, together, contribute to the improvement of this management process. An example is the
system of appropriation of working hours, which supported the present study.

At the strategic level, the search for knowledge is planned more extensively, aiming to meet the
strategic goals of the organization. The tactical level of production gives a technical direction to the
strategic vision, and at the operational level, this vision is effectively implemented and adjusted to
local knowledge needs.

The organization participates annually in events and awards that benchmark the sector.
There is an internal mapping of knowledge sources. However, external mapping is not performed

systematically.

It was not possible to identify the existence of these matrices in the context of the organization.

Acquisition of courses

External cooperation

Internal training

Hiring specialists

This acquisition occurs periodically, according to the demands and needs identified in each sector.
Although the demands arise at the operational level, the recording and management of these
activities are usually a responsibility at the tactical level.

There are external cooperation procedures regarding knowledge acquisition, mainly involving
continuing education programs and cooperation between universities and the company, as
described by Santos and Sampaio (2019) in (Garcia, Rapini, & Cério, 2018).

Internal training occurs based on the knowledge needs previously identified and can be performed
as directed by the board of the organization as well as at the local level involving one or more
sectors. It can be performed in person or using distance learning resources.

The hiring of specialists can occur as needed and when this need is demonstrated.
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Continued

Incorporation of
knowledge

Strategic alliances

Importing Stakeholder’s
knowledge

The incorporation of knowledge occurs mainly when new tools are acquired by the company. The
acquisition of these tools usually requires training using external sources of knowledge.

During the study period, strategic alliances could not be identified.

The incorporation of knowledge of Stakeholders occurs at the time of acquisition of new software
tools or hardware equipment, given that on these occasions it is necessary to acquire knowledge
about the operation of these new components. However, a key source of Stakeholder’s knowledge is
related to the interaction between development teams and business areas of the company, in the
phases of system requirements elicitation from customers.

Development

Maintenance of knowledge
development centers

Knowledge development
policies

Externalization of tacit
knowledge actions

Application of systematic
problem-solving methods

Encouraging research and
development

External and
intra-organizational
cooperation

Conciliation of individual
and collective goals of
knowledge development

Knowledge creation
through daily and
routine work actions

Encouraging the
exchange and
dissemination of
knowledge

Integration and
communication policies

Incentives for creativity

The corporate university of the company can be considered as a knowledge development center, in
that it encourages the process of continuous organizational learning, as well as fosters the
development of this knowledge through internal events such as an annual conference that aims to
reward innovative projects that arise from employee initiatives, with or without the participation of
components external to the organization.

There is an organizational knowledge development policy, which results in partnerships between
universities and the company and continuing education actions to support the individual
development of employees, encouraging participation in undergraduate and graduate programs
and foreign language learning.

The externalization of tacit knowledge occurs both in annual conferences and in internal training
actions. They can also be identified in the transfer of systems and projects carried out between
sectors or in the publication of term papers for undergraduate and graduate programs conducted
with the support of the company.

There is no specific methodology or standard problem-solving model adopted by the company.
Such initiatives are dependent on local actions that can be observed in the organization’s sectors.

The creation of a specific sector focused on research and development can be identified during the
study period.

External cooperation occurs mainly with universities and results in the support of specific projects
or courses for employees when these courses offer knowledge categories that are strategic for the
company.

This conciliation is encouraged at the strategic level, seeking the participation of employees in the
preparation of the strategic plan of the company, considering that such participation will provide a
better understanding of the company guidelines and consequently a greater engagement in the
execution of this strategy by the employees.

This construction occurs and is directly linked to the application of individual knowledge in work
activities. This can be considered one of the main activities of the process of knowledge creation
and diffusion, considering that it represents the real transformation of the information acquired at
the personal level into knowledge, through the performance of the work activities of the projects.

Incentives for the exchange and dissemination of knowledge occur at the three levels of
decision-making and are implemented in several initiatives. At the operational level, it occurs
mainly in the interactions of team members during the execution of projects to solve problems and
discuss solution methods, by a direct initiative of the teams and leaders. However, at the tactical
and strategic levels, this incentive can also be observed. The holding of annual conferences with the
presentation of employee work involving solutions to problems and proposals for innovation is an
example.

There is a formal communication policy that helps in the integration process. However, there is no
institutional integration policy.

The incentives for creativity are more directly related to what was described in the item referring to
the incentive to exchange and disseminate knowledge.
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Continued

Sharing

Conducting team
activities and activities
between teams

Space management and
proximity of teams

Information Security and
Confidentiality Policies

Organizational structures
that facilitate knowledge
exchange

Deliberate the creation of
knowledge redundancy to
facilitate its exchange and
retention

Organizational
communication policy
that facilitates knowledge
exchange.

Reproduction of knowledge

Building knowledge
networks

Socialization of knowledge

Professional training
Use

Development of knowledge
on the job

Administration of the time of

The performance of activities in teams and between teams is the common practice of the
organization. Projects are usually carried out in teams and many are carried out collaboratively
between teams that sometimes belong to units from another state. In addition, given that in the
period considered for the study there was a formal software development process, based on the
CMMI proposal, the application of this process necessarily implied interaction between teams to
meet the various requirements of the process, such as peer reviews, testing, and quality audits, for
example.

Space management is deliberately performed, considering in most cases the proximity of teams
working on projects that serve the same client, dealing with the same topic, or in projects shared
between teams, to facilitate communication and the exchange of knowledge.

There is formal security, confidentiality, and privacy policy in the organization that covers the three
organizational layers: strategic, tactical, and operational.

The organizational structure is established to facilitate communication between levels and adopts
the balanced matrix model described in [1].

Redundancy occurs mainly through knowledge sharing involving at least two people who become
responsible for conducting projects. This practice contributes to both knowledge sharing and
retention, given that it creates alternatives in the case of eventual absences of one of the people
responsible for the projects.

There is a formal communication policy that helps in the knowledge-sharing process.

Reproduction occurs mainly when there is a need to carry out projects, either within the teams or
between teams.

The knowledge networks could be identified, and their structure and behavior from the point of
view of knowledge creation and diffusion were addressed [21].

The process of socialization of knowledge can be identified, but in most cases, it does not occur
exactly as suggested by [6] and [4], considering that socialization without verbalization or the use of
other means of externalization is more difficult to implement, especially in environments where
intellectual work is performed in a workstation in which each employee develops their work
individually.

Professional training is often performed in the organization in a planned manner and according to
the knowledge demands determined from the identification of existing knowledge gaps.

It occurs either through formal training or through the transfer of knowledge in special sections or
through the exchange of knowledge between team members to the extent that there is a need to
share this knowledge during project development.

application of the knowledge There is no formal process for measuring the time of knowledge application.

acquired in training

Knowledge demands from
other areas

Information and knowledge
availability

These requests occur on demand, to the extent that there is a need to seek knowledge that is
necessary for the execution of the projects and that is not locally available.

The availability is visible both regarding the documentation and concerning the access to the
employees who may have the required knowledge.
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Continued

Adoption of physical
structures that facilitate
knowledge exchange

The arrangement of the sectors facilitates communication and knowledge exchange. However,
sometimes interactions between teams can generate noise that breaks the concentration of other
employees not involved in the issues addressed.

Adoption of technologies that The company seeks to update communication tools to facilitate the exchange of knowledge, either

facilitate the exchange of
knowledge

Communication media that
facilitates knowledge

through the use of software such as collaborative tools or by conducting audio conferences and
videoconferences to exchange knowledge.

The company encouraged the creation of collaborative virtual spaces such as internal social
networks, the use of the intranet, and internal communication software.

absorption
Retention
Most of the knowledge necessary to perform the work that must be retained corresponds to the
knowledge related to the requirements of the built systems. However, there is an important part
Select the knowledge . § d . v . . . P p
to retai regarding the problems that occurred during the execution of the projects and implementation of
o retain
the code, which can be lost if it is not recorded in the lessons learned normally consolidated at the
end of the projects.
The knowledge storage process occurs mainly during all phases where documentation is needed.
These documentation activities occur mainly during the requirements gathering phase but are not
Store knowledge . . . Y g_ 4 . & . &P .
restricted to it, involving also the phases corresponding to test planning, quality reporting, and
activities related to software configuration.
The updating of knowledge is an important activity that is present throughout the life cycle of the
developed software, considering that eventual changes in the requirements require that all the
Update knowledge P . 8 . . 8 . 4 d . .
documentation evolves together with the code. This may involve all steps and activities that require
recording and documentation and that are impacted by changes in requirements.
The identification of key employees is performed at the operational level, usually by the managers,
Identify key employees and is an activity that is directly associated with the deliberate creation of redundancies to avoid
loss of knowledge.
Building and using Although a document management system was not used during the study period, the

document management
systems

Incentive and motivation
policies to retain knowledge

Systematic transfer of skills

Selective explanation
interviews in the demission
process

Use of shared language on

organizational knowledge
topics

Lessons learned to record

documentation of the entire development process was performed and versioned in a standard
official tool adopted by the organization.

The policies and models of knowledge management and process management related to software
development stimulate the retention of knowledge, insofar as they indicate ways to share and retain
this knowledge mainly through the application of the guidelines of the adopted models.

The systematic transfer of skills is usually encouraged in the organization by the leaders of each
team.

No policy determines the performance of selective explanation interviews during the dismissal
process of the company, as suggested by [24].

The existence of a shared language on organizational knowledge topics was performed using all the
tools and official means of communication available during the study period and was supported
mainly by the standardization of processes and the adoption of a formal process model of the
software development process.

The recording of lessons learned is a practice adopted by the organization and was provided for in
the development process management model itself.

Source: authors (2020).

DOI: 10.4236/sn.2023.121001

18 Social Networking


https://doi.org/10.4236/sn.2023.121001

J. L. dos Santos, R. R. Sampaio

of practices effectively performed in the company. Such practices are presented
in Table 3 as a result of the application of the referred model.

The activities of each phase of the knowledge management process presented
in Table 2 were compiled from the reports and suggestions of practices pre-
sented by [24]. This set of activities cannot, however, be considered definitive and
complete. On the contrary, the model proposed here suggests that this classifica-
tion may change and undergo adaptations to include, exclude or modify the ac-
tivities presented, as necessary for each project. A structure similar to that pre-
sented in Table 2 and that inspired its development can be found in [29] based
on the structure presented in [1] but applicable to the area of project manage-
ment. Similarly, [5] provides a list of activities that compose the software devel-
opment management processes, according to the model presented by these au-
thors. By applying the knowledge management model, together with the activi-
ties that compose it and which are described in Table 2, within the organiza-
tional environment where the study was applied, we sought to identify examples
of practices effectively performed in the company. Such practices are presented
in Table 3 as a result of the application of the referred model. The activities re-
lated to the software development process as presented in SWEBOK, unlike
those presented in the model described in [24] and in the PMI project manage-
ment model, are distributed in a way so that they partially represent phases of
the development life cycle and partially represent areas of knowledge that sup-
port the development process. Thus, of the 15 dimensions of the model pre-
sented in SWEBOK, five correspond to the phases of the classic life cycle of sys-
tem development. Another five phases represent activities that support the de-
velopment process, and the remaining five can be considered areas of knowledge
support within the development process, which describe key concepts for the
development of software engineering. Of these 15 areas, we were able to identify
10 areas present in the set of work activity recorded in software development
and maintenance projects used in the system that was the source of the data.
These activities are illustrated in the plot of Figure 3. In this plot, we see a pre-
dominance of activities related to the software requirements, construction, and
design phases. The percentages corresponding to each of the identified phases
are shown in Table 4.

The plot in Figure 4 shows the distribution of work time recorded in project
management activities in the years considered in the present study. Comparing
the results with those presented in the [1], we observed that the planning area
has a comparatively low value compared to the expected value and that the
highest values are observed in the initiation and execution phases.

Figure 5 presents the plot of the recorded working hours in the area of know-
ledge management in the period between 2007 and 2013. The variations in vo-
lume observed between the various years considered are due in part to the fluc-
tuation in demand for projects that occurs between the years.

The application of the model allowed visualizing the distribution of working

hours in an aggregate manner but also allowed visualizing it at a level of granu-
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larity that allows completing a given project in a year. The same type of result

can be obtained for a person who is a member of a project team.

Table 4. Distribution of work time for process development management (2007-2013).
Source: authors (2020).

Process Phase (SWEBOK) %

01 - Software Requirements 42.21
02 - Software Design 10.20
03 - Software Construction 41.43
04 - Software Testing 1.94
05 - Software Maintenance 0.55
06 - Software Configuration Management 2.31
07 - Software Engineering Management 0.13
08 - Software Engineering Process 0.16
10 - Software Quality 1.05
11 - Software Engineering Professional Practice 0.00

Accumulated working time per process area (2007-2013)

10 - Software Quality

07 - Software Engineering Management
05 - Software Maintenance

03 -Software Construction

01 - Software Requirements

0 10,000,000 20,000,000 30,000,000 40,000,000

Figure 3. Accumulated work hours for process development management (2007-2013).
Source: authors (2020).

Accumulated working time per project phase (2007 - 2013)
05 - Closing
04 - Monitoring & Controlling
03 - Executing
02 - Planning
01 - Initiating
0 10000000 20000000 30000000 40000000

Figure 4. Accumulated work time for project management (2007-2013). Source: authors
(2020).
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Distribution of working hours by Knowledge Area
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Figure 5. Accumulated work time for project management (2007-2013). Source: authors
(2020).

6. Discussion

This article is the result of the unfolding of previous research, whose objective
was to study the process of creation and diffusion of knowledge, in social and
complex networks formed by software development and maintenance project
teams, described in [21]. In the referred study, issues concerning the theory of
complexity in the sense described by [30], were treated considering a temporal
perspective. One the objectives of [21], was to analyze the dynamics of the
knowledge creation and diffusion process which results in information and
knowledge flows, in a conceptual framework aligned with the argument exposed
by [31].

The precariousness of effective metrics for the evaluation of knowledge man-
agement models is still a challenge for organizations that decide to implement
such models. When we analyzed the model proposed by [24], we found that
among the activities of the core processes of knowledge management is the de-
velopment of knowledge objectives based on the previous construction of me-
trics, so that the process can be evaluated. However, the use of knowledge man-
agement models, by itself, does not guarantee that the organizations that adopt
them will have visibility of the results unless they build a consistent system of
metrics interconnected to the organizational processes linked to the knowledge
required to perform its activities. Thus, it is important to develop structures that
help understand and evaluate the various models and their interconnections to
determine the contribution of these models to organizational results, qualita-
tively and quantitatively.

As suggested by [32], the organization studied has developed its organization-
al culture in order to help the absorption, reception and use of knowledge-
transfer activities. This cultural environment has been enriched along the years
and this improvement is reflected in the knowledge management activities iden-
tified and mapped shown in Table 3. Nonetheless, one of the greatest challenges
related to the implementation of an effective knowledge management process is

to build a consistent metric system to evaluate the results of the adoption of such
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knowledge management policies.

The differentiator of our proposal is that it does not link the approach to a
single type of management model. By assuming that the performance of business
activities that result in products, services or both, depends on knowledge, project,
and production process management, we built a generic framework that can
house different models in any one of the areas related to the production process
adopted by the organization. Thus, the general structure presented here is capa-
ble of supporting new models that may emerge and be adopted by the organiza-
tion, including even its various versions, to the extent that these models will be
updated based on their natural evolution. This characteristic of our proposal is
aligned with the idea that knowledge is dynamic and is in constant transforma-
tion and that, therefore, the structure that supports this knowledge must be suf-
ficiently flexible and adaptable to absorb and incorporate new concepts, processes,
and activities.

In contrast to the proposal presented by [20], we consider in our study that
the documentation generated in the early stages of the software development
process should be permanently updated whenever there are changes in the defi-
nitions of the requirements and should also be versioned, preferably using a
software versioning tool, according to what is advocated for the area of software
configuration in Guide to the Software Engineering Body of Knowledge (ACM/
IEEE SWEBOK) [5].

Our approach considers that the documentation developed in the early stages
of software development projects should evolve during the life cycle, being up-
dated as new requests arise from customers generating evolutionary or correc-
tive maintenance. The proposed model takes advantage of all the existing docu-
mentation, using versioning tools to maintain the evolutionary history of the
software, thus avoiding the loss of knowledge. In addition to the versioning of
the software produced, this model also allows the versioning of the models used
to manage the software production process.

Furthermore, the mapping of activities related to the cognitive, project man-
agement, and development process dimensions can be applied in other contexts
where there is a systematic record of activities related to software creation and
maintenance. Additionally, the mapping has a flexible structure, given that we
took into account, from the beginning, the possible evolution, and change of the
management models employed in the organization. The mapping of the rela-
tionships between the three types of models allowed us to provide visibility and
to highlight at the operational level, actions related to the creation and diffusion
of organizational knowledge, that were not explicitly visible, mainly because
there is no specific record or categorization of the activities related to the phases
of the knowledge management model adopted in the organization. In other
words, the information system used for recording work activities in projects was
not prepared to classify activities that directly or indirectly impact the process of

knowledge creation and diffusion. Thus, it is easier to measure the progress of
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project activities and the software construction and maintenance process, but
the relationship between these activities and those related to knowledge man-
agement cannot be directly classified, and consequently, the measurement of
their evolution was compromised.

Although the organization under study has adopted models of project man-
agement, process management, and knowledge management, the activities re-
lated to the area of software development and maintenance still lack methods
that allow categorization of work activities, considering a specific knowledge
management model. Furthermore, we consider that the different management
models must work in a joint and coordinated manner. Besides, there exists an
overlap in the life cycle phases of each of the models. This overlap is portrayed in
practice, in the model that integrates the three areas of management related to
software projects.

The results obtained from our method contributed to the process of measur-
ing the progress of knowledge management activities, since in that organization
this area presents itself as the area with a greater lack of metrics. However, we
consider that to measure the dynamic flow of organizational knowledge, it is
necessary to categorize it. Nonetheless, there is a challenge related to the organi-
zational knowledge categorization process, when the tasks performed are taken
as a basis. This challenge refers to the fact that the execution of a certain task is
usually related simultaneously to more than one category of knowledge neces-
sary for its accomplishment. Especially, when different management models are
adopted in an overlapping and concomitant way, this intertwining of knowledge
areas becomes even more evident. In the case of the software development and
maintenance process, a range of knowledge areas involved in the process can be
identified. Although the main areas can be easily identified, as there is a great
diversity of tasks and at the operational level there is a tendency to increase the
level of knowledge specialization for the execution of tasks, this identification
becomes increasingly complex.

The fact that different management models have different approaches and
bring in their structure different types of knowledge and different life cycles, im-
plies that a given work activity may be related to life cycle phases and areas of
knowledge that correspond to different moments in each of these models. In our
work, we initially devised a structure that allowed to relate the phases of each of
the life cycles of the management models adopted in the organization, and, later,
we framed the work activities in one or more of these related phases. This ap-
proach allowed classifying work activities more precisely, as well as gave visibili-
ty to the type of knowledge involved in each of the tasks. The categorization of
knowledge is partly determined by the characteristics of the work activities de-
veloped, but it also depends on the models adopted by the organization, consi-
dering that certain models impose a specific type of knowledge on the work ac-
tivities. In this sense, although some work activities require specific types of

knowledge that are inherent to certain functions, there is, on the other hand, an
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influence of the model adopted in the way the task is performed. This mutual in-
fluence makes task categorization even more complex.

Another important issue to be taken into account when adopting manage-
ment models is the additional workload that these models require and that are
added to the activities related to the core of the work developed in the software
construction and maintenance projects. In other words, maintaining each model
requires additional hours of work that need to be factored into the overall
project costs. In this sense, it is important that there is an effort to automate part
of the management tasks, so as to facilitate the classification of these tasks what
can lead to facilitate data collection in later phases of the process. The use of au-
tomation tools based on artificial intelligence is an alternative to assist in this

process, albeit partially.

7. Conclusions

The different forms of knowledge exchange within organizations are essential to
obtain high-quality products and services. Particularly in the area of software
creation and maintenance, knowledge is essential for the successful development
of projects. During the execution of projects, a significant part of the problems
to be solved is related to communication and understanding of the issues in-
volving the conversion of tacit knowledge existent in organizational processes
into explicit knowledge that will later be converted into automated routines em-
bedded in the information systems. In this sense, collaboration and interaction
between the various team members, forming knowledge networks, is essential
for the execution of projects. However, there must be management models that
create favorable environments to the development of the knowledge necessary to
perform the work.

In the present study, we argue that there is a strong interrelation between
these models. Also, this interconnection has a direct influence on the process of
knowledge creation and diffusion. Once the conditions provided by the organi-
zation are beneficial to the development of this process, the flow of information
and, consequently, the flow of knowledge should be favored. The adoption of
software development process models that encourage collaboration between mem-
bers of software development and maintenance project teams improves the process
of creating and disseminating organizational knowledge. Aiming to understand,
improve and manage adequately the organizational knowledge assets, our ap-
proach presents a model that brings together structure and behavior based on
the existent relationship amongst the three management models adopted by the
organization. Such mechanism forms a system that drives the flow of organiza-
tional knowledge and has influence on networks formed by project team mem-
bers, interfering in the process of creation and diffusion of knowledge applied to
software creation and maintenance projects. This article presented an empirical
model that demonstrated the relationship between management model activities

from three perspectives within a public service organization in the area of in-
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formation and communications technology, and exposed activities related to
knowledge management that were previously hidden. Our approach considers
three management dimensions. The first is the operational perspective represented
by the activities linked to software construction, the second is the coordination
present at the project management level, and the last, is the strategic organiza-
tional knowledge. The application of the model made it possible to explain activ-
ities related to knowledge management, which although were effectively per-
formed in the organization, were not directly recorded, making it difficult to ac-
count for and measure them. Furthermore, it was possible to establish a list of
activities related to each of the phases of the knowledge management model,
which were not previously visualized. |Our proposal contributes to improve the
information system that enables the recording of activities linked to the three
dimensions addressed: cognitive, coordination of projects and software con-
struction, as it gives visibility to the knowledge management activities related to
software projects.

One of the limitations of the present study includes the lack of metrics related
to knowledge management, which can be obtained from the visualization of the
time recording data associated with tasks and activities related to the organiza-
tional cognitive dimension. This limitation may, however, become an opportu-
nity to expand the present study, exploring the construction of indicators and
metrics based on our results obtained. Additionally, another possibility of exten-
sion of this research is the construction of specific software for the recording of
working hours allocated in projects that can categorize the activities according to
the modeling proposal presented here.

It is important to note that both in the documentation of the produced soft-
ware and in the control systems that support the management of the software
development and maintenance processes, there is a considerable volume of in-
formation ready to be converted into knowledge that is not properly used. In this
sense, the mapping of the phases and activities of the management processes
presented in this study allowed the identification of different types of knowledge
directly related to the organizational production process. This mapping also helped
to explain the relationships between the dimensions, phases, and activities con-
sidered in each management model. All of it was only possible due to the exis-
tence of such documentation and the control systems adopted by the organiza-

tion.
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