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ABSTRACT

KEYWORDS

Context: Managing knowledge is one of the main challenges
for software development organizations. Thus, the principles
of Knowledge Management (KM) are presented as determinant and effective factors for the software product quality.
There are several approaches to applying KM in an organization. However, for a KM approaches to succeed, it is
important to conduct a KM diagnostic in order to analyze
the KM current state that already exists in the organization. Objective: The objective of this paper is to present
the results of a Systematic Literature Review (SLR) conducted to summarize existing research on KM diagnostic
in software development organizations. Method: SLR was
performed by searching four electronic databases. We also
performed backward snowballing from reference lists of selected studies. Results: From the SLR, we identified 24 studies
addressing investigated differents approaches related to KM
diagnostics in software development organizations. Conclusion: Based on our results we conclude that in the software
engineering context the KM diagnosis practice still does not
seem consolidated.

Software Engineering, Knowledge Management, Knowledge
Management Diagnostic
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1

INTRODUCTION

Creating systematic strategies to integrate the knowledge
in organizations is considered a great challenge [4]. Several
researches present different approaches in order to capture
and share knowledge in an organization, making knowledge
transparent to all those involved [30]. Working with organizacional knowledge makes and amplifies knowledge created
by individuals as well as crystallizing and connecting it to
an organization’s knowledge system [40].
Knowledge Management (KM) has emerged as a discipline
with the purpose of acquiring, organizing and sharing the
knowledge in the organization, so that other members can
use it to make their work more effective and productive.
The main goal of KM is to make organizational knowledge
accessible and promote the emergence of new knowledge [42].
According to Bukowitz and Williams [5], KM also is the
process by which the organization generates wealth from its
knowledge or intellectual capital. In summary, KM is the
process through which organizations generate value from
their intellectual assets.
In relation to software engineering companies, a software
development process has as main aspects the rapid changes,
the use of sharp knowledge and the involving several people in different activities and roles. Knowledge involved in
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all these aspects is a fundamental incentive for the use of
KM iniciatives [7]. In the last decades, increased consideration was given to the improve software quality considering
Maturity Models and ISO standards. However, the need to
improve software quality adds to the demand for systematic
knowledge [3]. KM incorporation in Software Engineering
has been implemented in order to promote the experience of
reuse to improve processes and products related to software
development, as well as solutions and problems traceability,
document management, software reuse, support for project
memories and the learning core [4]. The benefits and the need
to apply KM in Software Engineering have been reported in
several studies [1], [4], [7], [34], [52], [57].
The literature presents different approaches, also known by
KM cycles or models, that propose an activities set in order
to promote KM initiatives [9]. A KM cycle has activities that
encompass, for example, capturing, creating, encoding, sharing, accessing, applying and reusing the individual, group
and organizational knowledge within and between organizations. However, while there are several KM approaches,
applying KM without first looking at the organization current state may require high and often ineffective investments
in the identification and sharing of knowledge that are in
fact relevant to the organization [5], [48], [14]. Conducting
an organization diagnostic can determine which areas really
need improvement or which areas are most cost-effective for
organization in terms of KM [5].
Few organizations have time to apply an entire KM cycle,
then a diagnosis of how KM approach are being carried
can be conducted to identify which areas of KM have the
most potential to work with knowledge [5]. Analyzing the
organization current state in relation to KM can help the
organizations members understand their actual needs before
dedicating expensive efforts in the KM implementation and
thus better target the KM application initiatives in companies’
strategic points.
A clear understanding about how KM diagnostic has been
applied in software companies is important to steer future
research. However, there is still little knowledge about the
state of the art with respect to this research area in Software
Engineering. The objective of this paper is to present a Systematic Literature Review (SLR) conducted to summarize
existing research on KM diagnostic in software development
companies. SLR was performed by searching four electronic
databases. We also performed backward snowballing from
reference lists of selected studies, in order to identify additional relevant studies. We considered studies published until
June 2018.
The remainder of this paper is structured as follows. Section 2 review the literature of KM and diagnostic, as well as
related works. Section 3 introduces the methods and procedures used to conduct the research. Section 4 presents the
selection process conducted. Section 5 shows the main results
from studies extraction and synthesis. Section 6 reports a
general discussion to highlight some research points, their
implications, and limitations. Lastly, conclusions and future
directions for this research are presented Section 7.
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2

BACKGROUND

In this section, the main concepts of this study and related
works are discussed briefly.

2.1

Knowledge Management and Software
Engineering

The creation and dissemination of knowledge within organizations have become ever more important factors in competitiveness. Knowledge has been regarded as a valuable
commodity that is embedded in high-technology products
and in the knowledge of highly mobile employees [9]. KM
is defined as the process of applying a systematic approach
to capture, structure, manage, and disseminate knowledge
throughout an organization in order to reuse best practices
[41, 46]. KM solutions have proven to be most successful
in disseminating knowledge that has been rendered from
Lessons Learned (LL) and best practices.
Among the knowledge types that can be managed within
an organization, one of the most valuable is Tacit Knowledge.
Tacit knowledge depends on personal experience and involves
intangible factors such as beliefs, perspectives, values and
intuition [41]. This type of knowledge cannot fully be articulated, since involves knowledge tied to the senses, skills,
experiences or intuition [40]. Another important knowledge
type is Explicit Knowledge. Contrary to tacit knowledge,
the explicit knowledge represents the objective and rational
knowledge that can be uttered and captured in images and
writing, and can be easily used and shared.
Several organizations everywhere and in every segment are
paying attention to knowledge and are beginning to actively
manage their intellectual capital starting to explore what it
is and how to create, transfer, and use effectively the knowledge [10]. In software engineering organizations this is no
different. Integrating KM in software engineering has become
essential. There are many approaches on how software should
be developed and which can affect how knowledge is managed. Traditional development, for instance, rely primarily on
managing explicit knowledge, and in turn, agile methods, primarily rely on managing tacit knowledge [38, 57]. According
to Bjørnson and Dingsøyr [4], in software engineering, there
has been much discussion about how to manage knowledge.
One of the main practices when it comes to KM is to create
an “Experience Factory”. In a software development environment the experience from each activitiy conducted can be
collected and packaged and stored in an experience base to
be easily reused, documented, and thus it can be accessed by
multiple organization members. Explicit knowledge can be
described by means of drawings and writing, consequently it
can be easily used and shared [41].
As of 2000, one can say that the number of actions that
produced research in KM and Software Engineering increased
considerably. In 2002, a special issue of IEEE Software was
devoted to KM in Software Engineering [33]. In 2003, the
book “Managing Software Engineering Knowledge” [3] was
published, focusing on a range of topics on the subject. PhD
theses have also been published over the years, for instance,
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the studies presented in [11, 51]. In addition to the published primary studies presenting the conduction of empirical
studies on the subject, it is also possible to find several secondary studies addressing broad overviews of KM in software
engineering [1, 4, 52].

2.2

Knowledge Management Diagnostic

There are KM cycles that propose an activities set in order
to promote KM initiatives [9]. Some main KM cycle activities are capturing, creating, encoding, sharing, accessing,
applying and reusing the knowledge. However, while there
are several KM approaches, some authors emphasize that
conducting an organization diagnostic can identifying which
organization area or knowledge activities really need improvement or presents with most cost-effective for organization in
terms of KM [5, 48].
A knowledge diagnostic will help the audited organization
to determine which knowledge is being managed and how
well it is being managed. Audit helps to make the knowledge
in the company visible. KM diagnostic has been introduced
as an effective process to monitor the performance of KM
practices in an organization [37]. Usually the diagnosis is
conducted through some type of research instrument, most of
the time questionnaires or interviews are used [14]. The issues
are measured and the results show where the organization
can guide its KM efforts.

2.3

Related Works

In order to find more reviews that presented KM diagnostics
we conducted a tertiary study, however searching for other
studies considered secondary (Systematic Literature Review
or Systematic Mapping). Tertiary studies are considered as a
review that focuses only on secondary studies [24]. In this tertiary study, we used the following search string: (“Knowledge
Management”) AND (“diagnostic” OR “diagnose” OR “diagnosis” OR “audit” OR “assessment” OR “evaluation”) AND
(“systematic literature review” OR “systematic review” OR
“systematic mapping” OR “mapping study” OR “systematic
literature mapping” OR “literature review”).
The search string was applied in the following electronic
databases: IEEE Xplore, ACM Digital Library, Scopus and
Science Direct. A total of 262 studies were returned. Nevertheless, we did not find any secondary study that addressed
KM diagnostic. Thus, we conducted a manual search in order
to identify some reviews that addressed the same scope of
this research and we found two studies that attracted our
attention.
In Pa et al. [44], frameworks, models, methodologies, processes and techniques for Knowledge Audit (KA) were investigated. From the study results it is clear that different
approaches have been proposed for KA, mainly methodologies and techniques. Even so, there is no consensus on the
approaches involved in KA implementation. The main differences of the review conducted by Pa et al. and ours are
that we used a string that covers more synonymous for diagnosis (Table 1). Another major difference is that our scope is

only the software development organizations. A more general
scope was considered in [44].
In the study conducted by Esteves [14], a tradicional review of characteristics of models most used for KM diagnostic in the Brazilian context was conducted. A method (e.g.,
questionnaires, interviews) used in a KM diagnostic usually
follows some diagnostic model already known in the literature.
According to Esteves [14], in Brazilian organizations the most
commonly models used for KM diagnostic are Asian Productivity Organization (APO)1 , Organizational Knowledge
Assessment (OKA) [15], Seven Dimensions of Knowledge
Management [55] and Knowledge Management Diagnostic
(KMD) [5]. In [14] also are presented some tools for KM
diagnostic, such as Knowledge Management Assessment Tool
(KMAT), SysOKA (based on OKA model), American Productivity and Quality Center (APQC). However, such models
and tools mentioned in [14] have been applied mainly in federal public administration environments [14]. No mention is
made about software development organizations.

3

RESEARCH METHOD

SLR has been used to provide a complete evaluation of the
state of all relevant research available for a specific topic
of interest [24]. This review involves three main phases: (i)
Planning: refers to identifying a need for conducting the
review, and aims at establishing a review protocol defining the
research questions, inclusion and exclusion criteria, sources
of studies, search string; (ii) Conducting: searches and selects
the studies, in order to extract and synthesize data from
them; and (iii) Reporting: final phase that aims at writing
up the results and circulating them to potentially interested
parties. In this phase the SLR findings are used to answer
the research questions.
In addition to the searches in the databases, we also used
backward snowballing [24] in order to identify additional
relevant studies through the reference lists of the studies
found using the search strings. We used this approache in
our mapping to overcome the limitation of using a specific
set of electronic databases.
Following a summary of protocol2 is presented conducted
in this SLR.
Research Questions. This SLR was conducted in order to
identify KM diagnostic in software development organizations.
Based on this goal, two Research Questions (RQs) were
created:
RQ1. What is the purpose of applying a KM diagnostic in
software engineering context?
RQ2. What are the main diagnostic characteristics?
Search String. In order to identify the terms for the search
string, a manual review was initially performed. In the manual review the proceedings of International Conference on
Software Engineering and Knowledge Engineering (SEKE)3
1
2
3

http://www.apo-tokyo.org/
The complete protocol is available in https://goo.gl/hM2cY7
http://www.ksi.edu/seke/skhistory.html
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were analyzed between the editions from 2004 to 2017, looking for studies that presented KM diagnostic approaches in
Software Engineering. SEKE is one of the leading conferences
that present relevant research results in Software Engineering
and Knowledge Engineering. This event has been one of the
main arenas for empirical studies as well as technological
development related to knowledge management in software
engineering [4].
In the manual review, we found one study that presented
some kind of KM analysis activity in the software organization. In [56], the deployment architecture process was
analyzed from a KM perspective, using a KM audit methodology. The analysis aims was identified KM gaps, which can
cause deployment requirements’ traceability (RT) problems.
In addition to study identified in SEKE, we also had two
more studies as a control group to create and validate the
search string created. If the publications of the control group
are not retrieved, the string needs to be calibrated (adjusted)
or new databases need to be added in order to guarantee
that at least these publications are retrieved. In this sense,
we used a control group to calibrate the search string.
The search string considers three areas – “Knowledge
Management”, “Diagnosis” and “Software Engineering” and it was applied in three metadata fields: title, abstract
and keywords. Table 1 presents the areas, keywords and final
search string created.
Sources. The databases used in this research were: IEEE
Xplore, ACM Digital Library, ScienceDirect and Scopus.
Selection Criteria. The selection criteria are organized in
one Inclusion Criterion (IC) and five Exclusion Criteria (EC).
The inclusion criterion is: (IC1) The study must present
existing research on KM diagnostic in software development
organizations. The exclusion criteria are: (EC1) The study is
just published as an abstract; (EC2) The study is not written
in English; (EC3) The study is an older version of other study
already considered; (EC4) The study is not a primary study,
such as editorials, summaries of keynotes, workshops, and
tutorials; and (EC5) The full paper is not available.

4

SELECTION PROCESS

The selection process was divided into four main stages, as
shown in Figure 1. Figure 1 shows how many articles remained
in each selection process stage.
Using the search string, 1012 were retrieved. The selection
process applied on the returned publications was performed
in four stages. In the 1𝑠𝑡 stage duplicated studies were eliminated, resulting in 926 publications (reducing approximately
8.5%). In the 2𝑛𝑑 stage, the selection criteria (inclusion and
exclusion criteria) were applied for title, abstract and keywords, leading to 224 studies (reducing approximately 75.8%).
In the 3𝑟𝑑 stage, the selection criteria were applied considering the full text, resulting in a set of 18 studies (reducing
approximately 92%). Over these 18 studies considered relevant, we performed backward snowballing in 4𝑡ℎ stage, which
resulted in 38 studies. From these 38 studies, the selection
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criteria were applied considering the title, abstract and keywords. Next, the selection criteria were applied considering
the full text. A total of 5 studies were resulted from this stage.
As a result, we got to 23 studies (18 from the sources and
5 from snowballing) from selection process. conAdding the
article that returned from the manual review in proceedings
of SEKE conference, the final result was 24 studies. The
complete references of the 24 selected studies can be accessed
in https://goo.gl/WJcyG4.

5

DATA EXTRACTION AND SYNTHESIS

After selecting the primary studies, we analyzed each one
in order to answer the research questions, with attention to
the following items: study purpose to diagnose the KM in
a software development organization and format used for
the diagnostic, such as application, investigated items, tool
used and the model on which diagnostic was based. Next,
we present the data extraction and synthesis regarding these
research questions.
RQ1. What is the purpose of applying a KM diagnostic in
software engineering context?
In the first research question, our intention was to understand the studies purpose in apply a KM diagnostic and in
what software engineering context. Some studies have a very
specific purpose for applying a KM diagnostic, for example,
improve the Requirement Traceability (RT) in the organization or improve organizational culture. However, the majority
of the studies conducted have a more general purpose in the
organization, for instance, Software Process Improvement
(SPI). Some of these purposes are described below.
Software Process Improvement (SPI) is discussed in [2, 8,
8, 19–21, 35, 36, 45, 47]. SPI is a continuous modification of
a software development process for the purposes of reducing
production costs, improving schedule adherence and increasing product quality. According to Mitchell and Seaman [36],
KM can be viewed as complementary to SPI when used in a
software development domain. Indeed, capturing past software project knowledge for use in subsequent projects is a
common SPI technique, especially, when there is an effective and efficient use and flow of knowledge, during software
product development [35]. The utilization of an approach for
assessing Organizational Learning (OL) also provides a basis
for SPI [8]. OL is considered the process of learning by individuals and groups in a software development organization
through the software development process or KM [8].
Some studies had as specific purpose the organizational
culture improvement [28, 29, 47]. Organizational culture is a
means to ensure that stakeholders will be in tune and working
towards achieving the same objectives. Organizational culture
directly impacts the success of KM, since it influences the
way employees learn and share knowledge in the organization
[47]. According to Levy et al. [28], an organization’s culture
must be understood before KM model can be successfully
implemented. For this a diagnosis of KM can be conducted.
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Table 1: Areas and Keywords
Areas
Knowledge Management
Diagnosis
Software Engineering

Keywords
“Knowledge Management”
“diagnostic”, “diagnose”, “diagnosis”, “audit”, “assessment”, “evaluation”)
“Software Engineering”, “software development”, “software engineering”, “software process”,
“development companies”, “software product”, “software quality”
Search String: (“Knowledge Management”) AND (“diagnostic” OR “diagnose” OR “diagnosis” OR “audit” OR
“assessment” OR “evaluation”) AND (“Software Engineering” OR “software development” OR “software engineering” OR
“software process” OR “development companies” OR “software product” OR “software quality”)

Figure 1: Search and selection review process.
To be successful, the KM approach must support cultural
organization practices.
Another purpose for performing a KM diagnostic discussed
is the Requirement Traceability (RT) improvement [56]. According to Shpigel and Hadar [56], an important aspect of
the software development process is RT. RT is recognized as
a concern in guidelines and standards in requirement engineering. However, some organizational factors can undermine
this process, for example, deployment architecture process. A
KM diagnostic on these factors may help to identify several
KM gaps and thus avoid deployment RT problems. Still referring to the software requirements, the purpose of the studies
[53] and [54], focuses on knowledge audit in their requirement
elicitation process. Requirement elicitation process involves
a great deal of knowledge and there are several problems
regarding eliciting and using the knowledge in this process.
Thus, in order to improve the requirement elicitation, it is
important to identify knowledge components and knowledge
sources existing in the requirement elicitation process from
an audit of knowledge.
In [12, 16, 25] the purpose is related to contributing with
the agile practices in software development in terms of communication between teams, knowledge sharing, documentation
and risk-strategy analysis. Knowledge sharing, for example,
is difficult for distributed agile teams due to spatial, temporal, and cultural barriers, which negatively affect face-to-face
interaction, communication and collaboration. Thus, understanding and assessing on how do agile teams gather, store,
share, and use knowledge in distributed software development

can contribute to successful implementation and quality of
distributed agile projects.
In addition to the purposes mentioned above and described
in more detail, other purposes have also been identified, such
as: software quality enhancement by customer KM in software
companies [23]; the teams’ knowledge transfer effectiveness
[18]; analysis of integration of KM techniques into the activity of risk management [16, 39]; and Assessment of KM’s
structure [45].
RQ2. What are the main diagnostic characteristics?
This research question help us to understand how the studies conducted the analysis in the organization with respect
to KM and especially what approaches already known in the
literature were used or what new approhes were proposed.
Table 2 presents a summary of the approaches used in the
selected studies to conduct KM diagnostic.
Most of the studies analyzed showed that the approaches
used for the diagnostic were not based on some model or
process already existing in the literature. The conducted KM
diagnostic was defined by the authors, themselves, of the
returned studies. For example, in [47] one of the objectives
was to investigate KM practices in use by the software organization. In order to identify practices, the authors conducted
interviews. The interview focused on investigating how KM
and OL take place in the organization. In [2] a questionnaire
and interviews were developed to identify current practice
of KM in Software Engineering processes in two Australian
companies on the basis that they both claimed to apply KM
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Table 2: Approaches used in the selected studies to conduct KM diagnostic.
Study
[2]
[8]

Year
2008
2013

Knowledge items investigated
KM practices
Organizational Learning (OL)

Application Method
Interviews
Questionnaire, Interviews

[12]

2012

[16]

2018

[17]
[18]

2010
2018

[19]

2004

KM in Distributed Software Development
Knowledge sharing, Risk Management
Model
Knowledge management metrics
Teams’ knowledge transfer, Global
Software Development (GSD)
Knowledge flow (K-flow)

[20]

2009

[21]
[23]

2012
2018

[25]

2013

Knowledge sources, tools, techniques,
methods applied in the organization,
KM activities, tacit knowledge and
rate the level of effort invested on KM
Experience capture
Customer Knowledge Management
(CKM)
Organizational Learning (OL)

[26]
[28]

2009
2008

KM sucess and KM service
Tacit cultural perceptions

[29]

2010

Tacit cultural perceptions

[35]
[36]
[39]

2011
2016
2014

Knowledge flow (K-flow)
Knowledge flow (K-flow)
Risk Management, KM techniques

[43]

2013

Organizational Learning (OL)

[45]

2002

Knowledge processes

[47]

2015

Organization Cultural

[50]

2008

Organizational Leadership

[53]

2014

[54]

2015

[56]

2013

Tool
Not mentioned
Not mentioned

Interviews

Model
None
AiOLoS (Assessing OL of
software development organizations)
None

Interview

None

Not mentioned

Interview
Questionnaire

None
None

Not mentioned
Not mentioned

Audio-recorded, In- “Knowledge map” or K-map
terviews
Interviews
None

Not mentioned

Questionnaire
Questionnaire

None
None

Not mentioned
Not mentioned

Questionnaire, Inter- AiOLoS (Assessing OL of
views
software development organizations)
Questionnaire
None
Questionnaire, Inter- None
views
Questionnaire, Inter- CommonKADS
views
Interviews, Artifacts “Knowledge map” or K-map
Questionnaire
None
Questionnaire, Ob- None
servation, Interviews,
Documents
Questionnaire, Inter- AiOLoS (Assessing OL of
views
software development organizations)
Maturity
model Knowledge Process Quality
stages
Model (KPQM)
Interviews, Observa- Organizational Culture Astions of the LL meet- sessment Instrument (OCAI)
ings
Questionnaire
None

SurveyMonkey

Not mentioned

Not mentioned

Not mentioned
Not mentioned
Not mentioned
Not mentioned
Not mentioned
Not mentioned
Not mentioned
Not mentioned
Not mentioned

Knowledge
Management
Assessment
Tool (KMAT)
Requirement Elicitation, Knowledge Questionnaire
Knowledge audit model (pro- Not mentioned
components, knowledge sources
posed by the study)
Requirement elicitation process, Questionnaire
Knowledge audit model (pro- Not mentioned
Knowledge communication
posed by the study)
Deployment architecture
Questionnaire, Inter- Methodology SEKAM
Not mentioned
views
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practices in their software development work. [28] conducted
structured interviews in order to capture tacit cultural perceptions of employees in order to identify barriers that might
affect the adoption of KM solutions. However, none of these
authors mentioned how interview or questionnaires questions
were created.
In summary, almost all the selected studies were based
on interviews and questionnaires to analyze KM applied in
the organization, totaling 62.5% of studies each one and
29.2% applied two approaches (questionnaire and interviews)
together (Figure 2). Other approaches applied were audiorecorded [19], artifact analysis [35, 39], observations of the
LL meetings [39, 47] and based on maturity model stages
[45]. In some studies, the authors mention that the questions
elaborated in the questionnaires or interviews were defined
based on bibliographic reviews to identify the factors, techniques or practices used in software engineering and KM
[18, 23, 25, 39, 53, 54]. Other authors mention having based
on Goal/Question/Metric (GQM) approach [8, 25, 43] or
International Organization for Standardization (ISO) [45].
Although GQM or international standard are not a specific
model to apply KM diagnostic, these approach are strong
references to help in the elaboration of questions for questionnaires or interviews.

Figure 2: Application Method
From the analysis of the 24 selected studies, 11 use some
approach, such as model or process, in order to conduct the
diagnostic in the organization. Out of these 11 studies, seven
different approaches were identified: Knowledge audit model
proposed in [53, 54]; AiOLoS [8, 25, 43]; CommonKADS
[29]; K-map [19, 35]; Organizational Culture Assessment Instrument (OCAI) [47]; Knowledge Process Quality Model
(KPQM) [45]; and Methodology SEKAM [56]. The identified
approaches are presented briefly below.
A knowledge audit model was proposed in [53, 54]. The
model aims to improve the requirement elicitation process
by identifying knowledge components and knowledge sources
existing in the requirement elicitation process as well as their
relationships. The model proposed is based on Iterative Triangulation Method [31]. Basically, an iterative triangulation
makes use of iteration between literature review, case studies
and intuition to develop a new theory. This method consists

of four phases: (i) Groundwork: Literature review and case selection; (ii) Induction: Cases analysis and shaping conjectures;
(iii) Iteration: Theory refinement; (iv) Conclusion: Theory
Evaluation and suggesting future research.
In [8, 25] and [43] a model for assessing the level and
characteristics of OL in software development organizations
(AiOLoS) is proposed. AiOLoS provides a framework for
comparison among software organizations with respect to
their OL capabilities, to allow these organizations to identify
their deficiencies, offering the means for the measurement of
the realized improvement in OL and provide a starting point
for SPI. AiOLoS model consists of three major process areas
that map to the three major objectives of a learning software
organization: obtaining, using and passing knowledge. In
order to assess these areas in a software organization within
the proposed model, GQM approach was applied.
[29] incorporated a knowledge engineering methodology,
called CommonKADS, for auditing purposes. CommonKADS
is the methodology to support structured knowledge engineering [49]. This methodology offers a set of steps to support
the specification and development of knowledge-based systems. In addition, the methodology can also be designed to
measure KM in an organization since offers instruments and
methods that aim to generate more organization knowledge
sharing, as well as reducing the time in the development
of new projects, due to its great reusability. The methodology also covers several design aspects of a knowledge-based
systems, including: organizational analysis, project management; acquisition, representation and modeling of knowledge;
systems integration and implementation.
Knowledge mapping (or K-maps) has been used to characterize the knowledge within an organization with documents
or illustrations depending on the intended use. For example,
there are online employee “yellow pages” and organizational
charts to help employees locate others who may be able to
answer their questions. In [35] and [19], K-maps are used to
for mapping the organizational knowledge flows in a software
organization by utilizing the people perspectives and artifact
analysis. K-maps can be used as diagnostic since they are
used to understand the current situation of the project (or
organization) and thereby provide an overview of the current status of the knowledge flows in organizations mapped
situation enabling a closer examination.
An investigation on cultural profile of the software organization was conducted in [47]. The approach used was
Organizational Culture Assessment Instrument (OCAI) [6].
This instrument is a questionnaire that requires individuals
to respond just six items: dominant characteristics; organizational leadership; management of employees; organization
glue; strategic emphases; and, criteria of success. Each item
has four alternatives related to the organization cultures.
[45] proposed a new model called Knowledge Process Quality Model (KPQM). This model is based on the ideas of
quality management and process engineering and helps organizations to assess and improve their KM structures to
control knowledge processes. KPQM was also constructed
based on SPICE methodology [13] from an adaptation of the
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six stages of maturity that the methodology proposes: 0 incomplete, 1 - performed, 2 - managed, 3 - established, 4 predictable and 5 - optimizing.
Finally, an audit methodology, called Socio-Engineering
Knowledge Audit Methodology (SEKAM), is used in [56]
in order to analyze the deployment architecture process.
SEKAM methodology identifies KM requirements within
a knowledge intensive business process [27]. SEKAM is based
on five stages: Organizational Analysis; Define Audit Project
Properties; Knowledge Inventory of the Business Process;
Knowledge Inventory of the Business Process; and Audit
Results Approval. Each of the SEKAM steps is based on
practical knowledge modeling instruments for information
elicitation and analysis. The data collection to be applied
and analyzed in the steps proposed by the methodology is
based on questionnaires and interviews.
Although strongly present in other areas, such as administration, well-known models for KM diagnostic, such as
those mentioned in Section 2.2, in the context of software
engineering this practice does not yet appear to be well
consolidated. Over 54% of the studies selected conducted
questionnaires and interviews without using existing and validated approaches in the literature to create the questions.
We also note that some studies that were returned in our
SLR propose new approaches, such as those presented in
[8, 25, 43, 53, 54]. So, only 33% of studies were based on
already existing approaches in the literature to conduct a
diagnostic in a software organization in terms of KM. It is
believed that, this scenario is due to the fact that this type
of research in software engineering is relatively new. Out of
the 24 studies selected in this SLR, the oldest study is from
2002, as can be seen in Table 2.
Regarding the tools used, only two papers mention their
use to automate the process of applying the diagnostic. Other
studies did not use or at least did not mention their use. In
[50], Knowledge Management Assessment Tool (KMAT) is
used. KMAT is a collaborative benchmarking tool, designed
to help organizations make an initial high-level assessment
about KM [22]. KMAT intention is collaborative benchmarking. KMAT presents a questionnaire composed of five sections
of evaluation: leadership (to verify if KM is compatible with
how the organization is managed); technology (how the organization facilitates communication among individuals in
collecting, storing, and sharing knowledge); culture (the culture of knowledge sharing is explicit among individuals);
measurement (how the organization quantifies its knowledge
capital); process (concentrates on activities to create, identify,
collect, adapt, organize, apply and share knowledge). On the
other hand, although it is not a specific tool for KM diagnostic, in [25] the SurveyMonkey tool is used to collect KM
data within the organization. SurveyMonkey4 is a worldwide
platform of questionnaires that facilitate the gathering of
people’s opinions and can be turned into insights.
Completing our analysis on approaches used for KM diagnostic in the selected studies, we analyzed the main knowledge
4

https://pt.surveymonkey.com/
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items investigated by the studies. Many are related to answers of RQ1. As can be observed in Table 2, several different
knowledge items were investigated, for example, Customer
Knowledge Management (CKM), Requirement elicitation,
Risk Management, Organizational Learning (OL), Organizational Cultural and Knowledge flow (K-flow); the last two
being those most investigated. In relation to how these items
have been investigated in the studies considering the knowledge type (tacit or explicit), most studies deal with the two
types. Figure 3 show this proportion. Although, the literature points out that the most valuable knowledge within an
organization is essentially tacit [12], in this SLR the studies
showed that there is a great concern with explicit knowledge.

Figure 3: Knowledge types analyzed
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DISCUSSION

The objective of this work was to identify and summarize
the main approaches used to diagnose KM in software development organizations. We found studies that are directly
related to diagnostic or audits in relation to KM, but we
also identified studies that implicitly lead to such approaches.
Such studies have aided us to infer about how software development organizations have conducted KM diagnostic.
Although KM brings many benefits, there are also problems: KM systems are not appropriate yet; employees are
normally reluctant to share their knowledge; and increased
workload [52]. Therefore, organizations, such as those from
software development, have a limited budget to invest in KM.
KM diagnostic, when performed, is conducted only in specific
items which hold the greatest potential for future growth and
strategic advantage [5]. As identified in the studies selected
in this SLR, specific KM items are investigated (Table 2).
Thus, the organization can invest in items where KM can
have more potential and thus avoid high and often ineffective investments. The diagnostic of knowledge can minimize
the effort and time spent in incorporating KM approaches.
Ideally, auditing should be an ongoing process.
For modern organizations knowledge is a key parameter
for surviving, since it enables a continuous improvement of
services, organizational culture and software product. This is
due to the fact that this parameter relies on the abilities to
incorporate the earlier experiences into the planning of future
practice. These abilities depend highly on the organization’s
ability to create and make the knowledge flows. One of the
main items investigated by the selected studies was K-flow.
K-flow provides insight to where ideas or initiatives originated
and how knowledge about these spread to the rest of the
organization [19]. KM is a systematic approach to help K-flow
in the organization.
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The studies selected in this SLR also presented different
approaches for KM diagnostic that have been used for different purposes in software organizations. However, as already
highlighted in RQ2, this practice does not appear to be well
consolidated. Many studies conducted an analysis in the
organization without using already existing and validated
approaches. The main instrument for conducting the diagnostic has been based on interviews and questionnaires with
the organization members. In order to determine how the
questions should be constructed, the literature is used as a
basis by some authors. In addition, only two studies mention
automation of the diagnostic process in terms of application
and compilation of collected data and the knowledge type
more investigated by the selected studies is the knowledge
explicit.
KM diagnostic can reveal an organization’s knowledge
strengths, weaknesses, opportunities, threats and risks [32].
Software organizations can use KM in order to guarantee
and reuse the knowledge. Thus, the main contribution of
this SLR was to provide the understanding and making
evident aspects associated to the KM diagnostic in software
organizations. Answers to RQs can help practitioners learn
about successes used in the context of organizations that
employ same approaches. The research results will also help
area researchers identifying future research as well as provide
a direction to appropriately position new research activities
in KM diagnostic and software engineering.

6.1

Limitations

This SLR has some limitations. The study selection and
data extraction stages were initially performed by the first
paper author, and thus some subjectivity could have been
embedded. In order to reduce this subjectivity, the other
authors performed these same steps over different sample of
studies. The results of each reviewer were then compared in
order to detect possible bias.
Our review was limited by the search terms used and
the electronic databases included. We tried to overcome the
limitations by using a manual review on SEKE proceedings
in order to identify the string terms. We also consider articles
from a control group to calibrate the string.
Regarding the factor related to how the research area is
defined, this factor also posed difficulties in defining the search
string. Initially, we considered only studies that mention the
terms “diagnostic”, “diagnose” and “diagnosis”. However, it
is not enough for characterizing the studies in the area. Thus,
in our research string we also consider terms as “audit”,
“assessment” or “evaluation” trying to broadly cover the
area. Even so, because we considered studies indexed just by
the selected electronic databases, and those obtained from
snowballing, hence, possibly leaving out some valuable studies
for our analysis. However, the studies discussed in this SLR
provide a snapshot of empirical research on outcomes and
impacts of existing research on KM diagnostic and software
engineering.

7

CONCLUSIONS

In this paper, we presented a SLR in order to summarize existing research on KM diagnostic in software organizations. We
identified 24 studies addressing investigated KM diagnostic.
From these 24 studies selected, seven different KM diagnostic
were identified. The other studies conducted questionnaires
or interviews without a consolidated reference.
From this SLR, we highlight the following conclusions:
(i) KM diagnostic is an effective process to monitor the
performance of KM practices; (ii) in the software engineering
context the KM diagnostic practice does not yet appear to
be well consolidated; (iii) questionnaires and interviews are
very used for KM diagnostic; (iv) few studies, only two, use
tools to automate the process of applying the diagnostic; and
(v) there is a great concern with explicit knowledge.
As a future work, we intend to continue to study existing approaches to KM diagnostic, especially in areas that
have this theme more consolidated, and we also intend to
bring these approaches to the reality of software development
organizations.
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