A case study of Knowledge Management usage in agile software projects
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Abstract. Agile Methodologies promote a group of principles which differ from Traditional Methods. In this way, one concrete difference is the manner of how the knowledge is managed during a software development process. Most proposals to knowledge management have been generated for Traditional Methods but have failed in Agile Projects because they focus on explicit Knowledge Management. This paper aims to present a case study with a detailed contributions taken from Lessons Learned for some issues related to Knowledge Management in a distributed project that make use of Agile Methodologies. 
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1   Introduction

In the software engineering field, the issue of how software development should be organized in order to deliver faster, better, and cheaper solutions has been widely discussed in the last years. Many methodologies, practices, techniques and tools have been suggested for process improvement.
Recently, many suggestions have come from experienced professionals, who have labeled their methods as “agile software development”. This movement has had a huge impact on how software is developed worldwide [10].

Agile methodologies promote a group of principles for software development which differ from traditional methods, also known as plan-driven or Tayloristic [6], [8]. Some authors, such as [2], consider agile methodologies as a reaction against the bureaucracy of traditional methods. Actually in the literature we can find a list of topics where there are differences and similarities between agile and traditional methodologies [1], [6], [10].

One of the differences is the way in which the knowledge is managed during software development processes. Traditional approaches make an intensive use of documents to capture and represent knowledge gained in the activities of a software project lifecycle, ensuring product and process conformance to prior plans, supporting quality improvement initiatives, and satisfying legal regulations [6]. On the other hand, agile approaches suggest that most of the written documentation can be replaced by enhancing informal communication among team members and between the team and the customers with a stronger emphasis on tacit knowledge rather than explicit knowledge [7]. However, prioritizing communication in agile methodologies does not mean to disregard formal documentation.

There are some proposals to manage the knowledge generated during traditional software development process, such as [3], [12], [14], [19], [22]. However, most of these approaches are not suitable for agile methodologies, because they focus on explicit Knowledge Management, while agile methodologies make emphasis on tacit knowledge interchange.

This paper presents some issues related to Knowledge Management in projects that make use of agile methodologies. These issues were identified during a case study in agile projects. This case study will be detailed in subsequent sections from where contributions will be pulled out in the Lessons Learned style, which will address among other things, problems associated with difficulties in the use of agile methodologies in distributed environments; problems generated by the prioritization of the conversation as the main way of sharing knowledge; and problems in the project's documentation.

This work is structured as follows: in Section 2 the main concepts used in this paper are explained. Section 3 presents the case study with its instruments and data analysis. In Section 4 the discussions and lessons learned extracted from the case study are presented. The Section 5 shows the related work founded in the literature. The conclusions are discussed in Section 6.

2   Background
In a competitive world, it is primordial that organizations hold the capacity to accomplish changes to increase their advantages. Nevertheless, due to the lack of understanding about the company itself, the fulfillment of those changes not always bring the expected results. In other words, the achievement of the changes that target benefits to the organization is hampered by its scarcity of knowledge of both, the way the business processes are conducted and its own organizational structure.
In such case, increasing organizational knowledge raises an opportunity to organizations become more competitive [16]. The organizational knowledge includes, but is not limited to, knowledge related to business processes, knowledge about the relationship among the various organizational sectors, and knowledge about market, technologies, customers and competitors [9]. Such knowledge has been considered the organizational intellectual capital, it must be managed efficiently, ensuring its preservation and enabling its constantly evolution, which can be guaranteed through a policy of Knowledge Management.
Knowledge Management is a large interdisciplinary field and as a consequence, there is an ongoing debate as to what constitutes Knowledge Management. For this paper, we use a definition that is common sense. Davenport & Prusak [9] have defined Knowledge Management as ‘‘a method that simplifies the process of sharing, distributing, creating, capturing and understanding of a company’s knowledge”.
For software development organizations, the main asset is the intellectual capital and not buildings and machines [21]. One mean suggested to overcome this problem is the increased focus on Knowledge Management.
Knowledge Management in software development organizations is a large field with several disciplines that can influence their results. In [5] it is explained a systematic review about Knowledge Management in software engineering. This study discuss on the main implications for deciding which Knowledge Management methodology is adequate whether a company seeks to having agile development processes in place, or relies on traditional development methods such as the waterfall process.

When traditional methodologies are in use, the objective of the Knowledge Management is to try as much as possible to turn tacit knowledge into explicit knowledge. So, the tasks related to the management, like acquisition, storage, update, share, can be facilitated.
For agile methodologies, the focus is on working with tacit knowledge. It is different to avoid working with the explicit knowledge. The effort that would be spent for convert tacit knowledge is the main issue considered here.
3   Case Study
This research is exploratory and based on case study. The case study was developed in two distinct organizations - the Owner Organization and the Offshore Organization. We analyzed the work of the teams that worked in two different but correlated projects in the cited organizations. The first project (Project 1) consisted in the development of a new software and the other one (Project 2) was a project for software maintenance (both applications aim to solve the same business opportunity).
In the next sections, we provide a detailed discussion about the context of each organization (Section 3.1), the research instruments used for data collection (Section 3.2), and the considerations obtained from data analysis (Section 3.3). As it can be seen in Section 3.2, this research has taken advantage of diverse qualitative and quantitative data collecting techniques, such as: questionnaires, document analysis, and script for semi-structured interviews.
3.1 Context

In this context, an organization A has developed a Product P which consists in a software which controls its importations. Thus, it is possible to think about the better way of decrease these taxes. Furthermore, this Product is divided in two Sub-Products: Sub-Product 1, which implements the rules and the process for tax reduction; and Sub-Product 2, which shall expedite the process of clearance of these imported goods, reducing the rigidity of surveillance.
These Sub-Products have been implemented through outdated technologies, and do not automate some new business rules, entailing in a great amount of manual work. Anyway, these Sub-Products development has been maintained continuously by Project 2.

However, due to the needs of the organization, a new project (Project 1) with up-to-date technologies aims to provide an automation of all business rules, getting connected with the interfaces of communication systems of Government. Because the large number of stakeholders, the several system’s interface, and some accounts access restrictions, this new project has a high level of complexity, showing the need for development between two distributed teams.

The first team, called PUC-Team, is located at University of Rio Grande do Sul. The other one can be found placed at the Federal University of Pernambuco and stands for UFPE-Team. Both teams have experienced collaborators with the SCRUM Master Certify. However, apparently there were problems in establishing a channel of communication between the teams, once there have been several weekly virtual and phone conferences between them. Both projects use Agile Methodologies, but actually, the Project 1 has been planned to use a proprietary methodology, later, it has changed to use Agile Methodologies, passing through a moment of transition between these two methodologies.

The documentation of Project 1 constitutes of some artifacts made during its design phase. It has happened because the use of the proprietary methodology at the beginning of the project and the proprietary methodology has been based on traditional software engineering approaches. The entire architecture of the Project 1 have been done and evaluated by a specialized software architecture validation team, located far from the two other teams.
3.2 Research Instruments

A systematic approach is required for developing measuring instruments. To evaluate the profile of the people involved with the projects, as well as to identify the responsibilities of each one during the projects execution, we defined a survey named “team overview survey”. The team overview survey was divided into three parts: (i) general questions; (ii) questions about team members’ experience on different software development methodologies; and (iii) questions about specific features of the projects.
The questions included in the first part intended to verify: the team members’ education level, how many years each member had of professional experience in Information Technology; the current working relationship of the team members with the organizations (if employee, contractor or trainee/intern); how many months each one have been working for the organizations; the team members’ English language expertise; and the team members’ age.

The second part of the survey aimed to evaluate the team members' expertise in agile, hybrid and traditional methodologies. For this purpose, each team member was asked about: the years of professional experience working with each methodology; the number of distinct projects working with the methodologies during the years of professional experience; and the usability of the documentation generated during the projects (if the documentation generated was always useful, useful most of the time, useful sometimes or it was not useful in the project tasks). Each team member answered only the set of questions related to the methodologies he/she had previous experience.

Team members with experience in agile methodologies answered four additional questions. The additional questions intended to check: a) which agile methodology was used on previous projects; (b) if the company provided some formal training in agile development processes for the team; if the team members had some certification on agile methodologies; and what characteristics of agile methodologies were present in the processes used in previous projects (according to team member perception).

The main characteristics of agile processes were defined based on agile methodologies literature [8]. They are: active user involvement, close collaboration of business people and developers, managing requirements throughout the development, testing integrated throughout the lifecycle. For each characteristic, the team members needed to select “yes” (indicating that the characteristic was present in the projects) or “no” (indicating that the characteristic was not present in the projects). The last question included into the second part of the survey aimed to identify the team members’ preferences among the methodologies (which methodology the team members would select to use in a new project).

The third part of the survey intended to verify the roles and responsibilities of the team members into the projects. The questions included in this part aimed to identify: (1) the team members’ roles; (2) the team member’s domain expertise; (3) the estimated allocation of each team member at the projects; (4) the perception of each team member about the process used in the projects (if the defined process was mainly a traditional or an agile methodology); (5) and the perception of the team members about the usability of the documentation generated during the projects.

The survey was answered by 15 of 17 team members who have participated in Project 1 in the Owner Organization and the Offshore Organization and by 4 of 6 members who have participated in the Project 2 in the Owner Organization. Since all employees allocated in the Project 2 were also allocated in the Project 1 (with partial allocation in each one), 15 questionnaires were answered. The results analysis is described in the next section.

In addition to the questionnaire, we interviewed some team members for collecting data. The main goal of made interviews was to discuss about the documentation generated and used during the projects. For this purpose, the employees were asked about the kind of documentation generated in the projects, who created and make available the documentation, and how tacit knowledge was exchanged among them (the communication channels used to exchange tacit knowledge). The interviews were done in a semi-structured way. Fifteen employees were selected to be interviewed. They were interviewed in individual meetings of approximately one hour. All interviews were made in Portuguese language. The analysis of the interviews can be seen in the next section.
3.3 Data Analysis

The purpose of this section is to analyze the data obtained through the questionnaire and interviews described in section 3.2. We will present just the relevant information obtained through a statistical analysis. The aim was to identify which trends and correlations between the data analyzed could bring some contribution within the purpose of this study, which has as scope: Knowledge Management projects in agile software development.
The focus of this data analysis is to understand relevant aspects making a comparison between agile and traditional methodologies, focusing on the change of use of explicit knowledge for a greater use of tacit knowledge.

In this sense, issues related to documentation, conversation, knowledge representation form, and how knowledge is acquired and shared, become the core of the analysis.

In the figures below some relevant of data obtained through data analysis of questionnaires and interviews.
	[image: image1.emf]Question 11: Is  the documentation 

generated during agile software 

development processes useful in the 

project tasks?

Yes, most 

of the 

time; 47%

Yes, 

always; 

7%

Yes, 

sometime

s; 13%

No; 33%


	[image: image2.emf]Question 17: Is  the documentation 

generated during traditional software 

development processes useful in the 

project tasks?

Yes, 

sometime

s

60%

No

0%

Yes, 

always

0%

Yes, most 

of the 

time

40%




Fig. 1. Questions 11 and 17 of the questionnaire.
Figure 1 illustrates the responses to question 11 and 17 of the questionnaire. Question 11 tried to check with members of the team as they consider useful the documentation in an agile process. This is important because it can show the confidence degree that the team has about the documents generated during the software development process. There were more responses indicating that they do not consider useful (33%) than always useful (7%).
The question 17 of the questionnaire tried to check with members of the team as they consider useful the documentation in a traditional process. There were no responses indicating that they do not consider useful (0%) nor that is always useful (0%).
Figure 2 illustrates the responses to question 5 and 7 of the interview. The Question 5 examined whether the respondents consider updated the documentation generated during the process of software development. Almost all (93%) consider the documentation outdated.
The Question 7 examined the priority which the respondents use to obtain knowledge about the project, if the documentation or colleagues and stakeholders first. The majority (73%) consulting the documentation first. It should be emphasized that this issue defines the order of priority preferred by the interviewee in the moment for to get some knowledge.
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Fig. 2. Questions 5 and 7 of the interview.
Figure 1 shows the results on the usefulness of the documentation in the software development process. What draws attention in these data is that the respondents considered the most important the documentation in agile methodology. During the interviews we realized that these responses are linked to the fact that in traditional methodologies they do not consider much of the documentation useful. However, the documentation that is used in agile projects is considered more useful. 

The Pearson correlation coefficient found between issues 11 and 17 is 0.536. This value does not indicate a strong correlation between the two issues.

Figure 2 shows that the majority of interviewees considered the documentation outdated, but still uses the documentation before consulting colleagues. The Pearson correlation coefficient found between issues 05 and 07 is 0.99. This value indicates a strong correlation between the two issues.

There were no significant correlations and relevant through quantitative analysis of the data analyzed. The main analyses that are present in the lessons learned were obtained through qualitative analysis of data from the questionnaire and especially from the interviews.
4. Discussions and Lessons Learned
According to the observations drawn from our case study, we suggest some items to be discussed as a result of findings and the need for further study and reflection on the following topics.

The use of agile methodologies in distributed software development intensifies the communication problems: in this case study the development process is characterized as Distributed Software Development (DSD), where the teams are situated in two sites and it has been perceived through interviews and monitoring of meetings (daily Scrum) some communication problems between the distributed groups.

The communication in DSD is, naturally, identified as a major difficulty [17]. In the context of projects agile communication becomes even more relevant because in this type of project the communication based on discussions is prioritized in relation to other forms of knowledge exchange. Korkala & Abrahamson [13] stand out that agile software development involves highly volatile requirements which are managed through efficient verbal communication.

As the communication is an important factor to be observed, in our case study was found that each group has its own repository of documents and artifacts that do not work in sync. There is no established practice for access and sharing of artifacts between repositories. That led members of the team to intensify communication among members of the two sites.

If there are mechanisms for sharing knowledge (repositories) that work so planned and coordinated between the groups, the need for communication through talks tends to decrease. This will lessen the communication factor as a problem in this type of project, agile in DSD.

It is important to emphasize that we are not suggesting a greater use of the repositories and artifacts, conflicting with some agile assumptions, but what is available for groups should be properly shared, reducing the need for talks about information that is already available in one of sites.

Some communication problems between the two sites may occur because of cultural aspects. One site is located in the northern region of Brazil and another in the southern region. Cultural differences intensify conflicts in communication. At the company where the case study was conducted there are projects where a site is located in Brazil and another in India and communication is made in English. Imagine the communication problems in a project being implemented according to this format of agile methodology.

The intense use of informal communication on agile projects creates problems of knowledge acquisition and storage: Another aspect realized about the communication between team members and customers is that most of the talks held during the project are informal. This format makes the conversations more agile, but in compensation the knowledge generated during these talks remains only in the tacit way when, even in agile projects, many details must be recorded and stored for further consultations or confirmations [20].

An example of this perceived situation in the case study was in relation to requirements that were raised along to customers. Many interviewees (53%) reported that it is important to record the talks with customers, according to the constant changes and updates in the requirements. Often the talks are not recorded creating a conflict of information between the parties involved in the process.

This question takes up one of the main points discussed in this work, which is the need for a new perspective to a Knowledge Management methodology to be employed in agile development processes. This methodology should be centered on the tacit knowledge that circulates in the projects.

Because the goal is not to turn the communication process bureaucratic among stakeholders, a suggestion is to use mechanisms for automatic speech recognition to organize and summarize the talks. In other words, there would be a minimal effort by the team with almost no interference in how the talks are accomplished, but that would result in capture and records of the knowledge into a format that if it is used in conjunction with indexing mechanism and ranking would facilitate the consultations and the sharing.

Despite the documentation be reduced and outdated the team uses as a source of knowledge to extract the context of the area and reduce the direct communication: during the process of interviews it was noticed that the interviewees made some criticisms on the documentation available for being inadequate and often outdated.

At first, we could imagine that the respondents did not use the documentation to consider it outdated and inadequate. However, despite this situation the respondents use the documentation. They explain that at least the documents provide the context of the knowledge they seek. They also used to reduce the time for direct communication. That is, when they need to obtain some knowledge and if they have already consulted the documents, they believe that will reduce the time in discussions with colleagues and customers.

Most respondents commented that the documents at the beginning of the project are updated, but over the course of the project will become outdated. The requirement documents are the most cited among those who are outdated during the project.

Many respondents commented about the difficulty to contact with the customer. That is, when they needed the documents of requirements were outdated and then they needed to contact the customer that was not always available.

The way the requirements were treated in this project doesn’t fit properly neither with the agile methodologies principles, nor of the traditional methodologies. If the project follows the agile principles the customer should be more accessible and available for the whole team.  If he follows principles of traditional methodologies, thus the requirement documents should be actualized for the whole project.

Under the focus of Knowledge Management, when you adopt an agile methodology the choice is by increasing communication between the team itself and between the team and the client.

When you take a traditional approach the choice is by prioritizing the knowledge in explicit form, thus giving more emphasis to the use of artifacts and documents, which must be updated throughout the life cycle of the project [6].

Thus, when using a hybrid approach must be taken great care to avoid those items do not meet satisfactorily neither agile nor traditional methodology, as was the case of the requirements in this project.

There is a lack of definition of what is a hybrid methodology. Qumer & Hederson-Sellers [18] present a framework to try to determine the agility degree of some methodologies. The border between not be agile and be hybrid, and not be traditional and be hybrid is very tenuous and deserves a better debate in the community.

In this project as a matter of contract, and choice of company, the phase of requirements followed a traditional approach and the other phases included agile practices, featuring a development process that followed a hybrid approach.
5. Related Work

In this section we will examine some published works that address Knowledge Management in software development. Most of works do not refer their use as agile or traditional methodologies in development teams.
Even though it, is clear that most of the initiatives reported are for teams that use traditional methodologies.

Initiatives, such as [3], propose the use of an Experience Factory. It is based on the fact that software development projects can improve their performance (cost, schedule and quality) through the use of previous experiences.

In DaimlerChysler [22] a model of Experience Factory was developed for the software development sector. Experience Factory is a way to make the acquisition and sharing of knowledge in the form of experience. The difficulty of packing knowledge in the form of experience was identified as one of the main challenges for the project’s success.

Other experiences such as the Infosys [19], a company located in India, which has about 1,000 software projects running at the same time and with about 10,200 employees, has created a methodology to share knowledge through paper’s repositories written by employees who are rewarded by the level of advertising they reach. The company also makes a directory location of experts available.

The Goddard Space Flight Center of NASA has also a number of initiatives, which comprise a broad strategy for managing knowledge; many of them stand out for capturing and sharing knowledge in the tacit way [14].

These initiatives cited above are reported in more "traditional" software development environments. However, the work developed by researchers from the Department of Computer Science at the University of Calgary [6], [15] focuses the Knowledge Management on agile methodologies for software development, which widely raised the issue about prioritization of the tacit knowledge use rather than explicit knowledge.

In Korkala & Abrahamsson [13] and Holz & Maurer [11] the agile aspect is addressed together with the issue of distributed development. That is, how to work the issue of Knowledge Management in distributed teams, because it has been handled mainly in its tacit form.

In Bjornson & Dingsoyr [5] a systematic review about Knowledge Management in software engineering was accomplished, where seven hundred and sixty-two articles were identified, of which 68 were studies in an industry context. Of these, 29 were empirical studies and 39 reports of lessons learned. One of the research’s main implications is the distinction between two types of development which has implications in the strategy of Knowledge Management, namely traditional and agile development.

The works mentioned address initiatives and strategic aspects of Knowledge Management in software development. They evidence the distinction that must be made between traditional and agile project, but none of them goes deepen with case studies, in the Knowledge Management in agile projects, for instance.

6. Conclusions

This paper has discussed the Knowledge Management in agile methodologies on the basis of a case study. This case study showed some peculiarities, such as having two teams distributed, which adds a relevant factor to the analysis. Another particularity of the case study assumes that the company is using a hybrid approach.
The case study through questionnaires, interviews and meeting monitoring of the team work enabled an analysis that was presented in discussions format and lessons learned. The lessons learned section is the main contribution of this paper, presenting aspects that were discovered and are discussed from the case study.

The quantitative data analysis obtained in the case study was not as significant as the qualitative analysis of the obtained information.

In this paper and in related work we realize that there is a gap for Knowledge Management in agile methodologies. Manage the knowledge in traditional projects focused on the use of explicit knowledge is not an easy task. But in agile project management is even more complex, because managing the knowledge in the tacit form involves many subjective aspects.

As future work, the intention is to develop and propose for the same team a Knowledge Management methodology focused on mechanisms (semi) automatic to acquisition and sharing knowledge. It is also intended to measure the performance of the team using this methodology in comparison how the team currently works, as it pertains to managing knowledge.
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