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Abstract: In the software industry, a critical factor in a project’s 

success is raising productivity, and software development teams 

must always consider its challenges. In today’s competitive 

industry, the productivity of team members in software 

development is a serious issue that attracts considerable attention. 

Studies have been conducted on various aspects of team and 

individual productivity; however, the literature still refers to a lack 

of research into the impact of team awareness, observing that it is 

an essential element of knowledge management in the project’s 

development life cycle. This study takes up this point and presents 

an actual software development case study to investigate the 

impact of increasing knowledge and producing adequate 

information on clients’ domain and business model on both team 

productivity and that of each individual member. The study was 

undertaken with two development teams over one month, each 

receiving about 300 requirements. One of the teams was given 

sufficient information on the client’s domain and background in 

terms of its business model, while the other was given nothing 

before it went to the client’s workplace, without any knowledge of 

its domain. The results achieved were statistically significant, 

showing better productivity among the team with the information, 

with 261 of 300 requirements completed, whereas the other 

completed just 107. The findings of this study will help software 

research to focus both on the aspects of knowledge management 

that relate to software development and on the correlation between 

them. The study also supports software development project 

managers to enhance the value of knowledge when they are 

delivering training and to equate the time spent spreading 

knowledge to giving team members adequate information about 

the clients’ domains and business models. This will be reflected in 

both the quality and productivity of the entire development 

process. 

Keywords: About four key words or phrases in alphabetical 

order, separated by commas.  

I. INTRODUCTION 

The software engineering industry has seen major 

changes in recent decades, leading researchers to develop 

ways to deal with various aspects of software projects, such 

as the process, the people and the product itself [1]. In recent 

software history, information and data have become regarded 

as playing a vital role in software development projects at 

several levels and in many forms [2]. One of the primary 

forms of such information is conveying knowledge on the 

project‟s artefacts, ranging from the client‟s business 

environment and business model to its requirements and how 

the development process is to proceed. This study reviews the 
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literature on knowledge management in software engineering 

and finds that this topic has an important impact on software 

development in general; moreover, it becomes more 

significant in the distributed development domain, when 

clients are on distant sites [3]. Several studies indicate that 

both global and distributed development projects, especially 

those dealing with several domains and clients at the same 

time, may not practise adequate knowledge management [4]. 

Consequently, this study focuses on knowledge management 

in software development projects of a multi-site nature, as 

this domain suffers most from the absence of essential 

knowledge and almost fails to understand clients' 

requirements enough to meet their expectations [4].  

According to [5], training and learning refer to 

information-sharing and continuous learning capabilities that 

increase the probability of success in the practices involved in 

agile software development. Training is a critical factor of 

success behind large-scale development transformations, and 

teams that are not adequately trained often struggle to 

implement agile practices correctly [6]. These practices do 

not rely on formal training for knowledge sharing; instead, 

there is a focus on mentoring and professionally guided 

discussions, as these yield better results [5]. Since agile 

practices and techniques do not follow a strict „how to‟ guide, 

learning is achieved through continuous experimentation [7]. 

This factor refers to the utilization of knowledge, along with 

the conditions that allow teams to accomplish their tasks [8].  

Authors of [5] maintain that a highly capable team enables 

the rapid and frequent delivery of working software that 

meets a customer's requirements. Besides technical 

competence and expertise, other attributes are cited by [9]: 

team members' motivation and commitment; agile, 

knowledgeable managers with an adaptive management 

style; and appropriate provision of technical training to the 

project team. Aspects such as commitment and technical 

expertise are, according to [10], the drivers that enable teams 

to deal better with risk, thus improving the likelihood of the 

project‟s success. Bearing these factors in mind, this study 

was designed to investigate the impact of knowledge 

management on development productivity at the team level, 

as well as the level of the individual. A case study was 

conducted to experiment in a real-world situation. An 

anonymous software development company was chosen, and 

it nominated eight developers to be involved in the 

experiment. Intensive training was delivered to one team of 

four members, whose productivity was compared with the 

other team.  
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The experiment‟s output was next analysed statistically 

and discussed. The results indicate a significant difference in 

the productivity of the team with sufficient knowledge of the 

client‟s domain and business model, relative to the team that 

worked on the same project without knowledge of the client‟s 

business model or environment. These findings support the 

managers of software development projects to secure better 

quality and productivity by increasing the time allocated to 

training and knowledge dissemination before starting the 

development.  

The rest of this article has the following structure. Section 

2 gives the background to this research: knowledge 

management; knowledge management in software 

engineering; and awareness in distributed development 

projects. Section 3 presents the empirical study‟s procedures 

and setting. Section 4 presents the results of the evaluation 

process and a discussion. Finally, section 5 concludes this 

study concerning its findings and meeting the study goals. 

II. LITERATURE REVIEW 

This section discusses works related to this study, organized 

into three sub-sections. The first concerns knowledge 

management and studies related to this topic. The second 

reports on studies on knowledge management in software 

engineering. The third discusses the awareness of distributed 

working and software engineering applications in this area, 

especially in the distributed domain. 

A. Knowledge management 

Knowledge, in the world of administrative organizations, 

is a resource that it essential to the success of both firms and 

their projects [11][12]. Its importance increases with a firm‟s 

size and its number of employees. Part of its critical role in an 

organization‟s success lies in the value that it adds, enhancing 

both continuity and competitiveness. The need for 

knowledge and its management is not limited to a single level 

of an administrative and organizational structure but relates 

to the entire organizational hierarchy, from top management 

to the bottom rungs of the employment ladder. Knowledge 

management has attracted attention in several broad domains, 

primarily software engineering [13]. By its nature, this field 

involves a high degree of knowledge work in various forms, 

such as on requirements, documents, codes and policy and 

procedures. 

Consequently, software companies have a keen interest in 

knowledge management and value knowledge and 

information in their projects and plans. A review of the 

literature reveals many studies that discuss knowledge 

management for both software development and 

administration in various contexts. These range from 

research on how software engineers deal with challenges that 

arise in projects to achieve success in terms of accurate 

software, and how to learn from failure, both their and 

others‟, as discussed by [14]. Moreover, some investigate 

knowledge management in software engineering in terms of 

mechanisms to choose appropriate approaches and methods 

for development, and like using the Agile or waterfall models 

to manage projects [15][16]. According to [17], in recent 

years the software industry has come to rely on several 

innovative tools and technologies to make this knowledge 

accessible and manageable throughout a software project. 

B. Awareness in software development projects 

There are various definitions of awareness, depending on the 

context. The first is a consciousness gained by collaborators‟ 

perceptions of knowledge and information about their 

environment. According to [18], it is „an understanding of the 

activities of others, which provides a context for your 

activities‟. Gutwin and Greenberg [19] state that awareness is 

a technique for enhancing coordination when people work 

together. In the software engineering field, awareness plays a 

vital role in several areas. Software development involves 

many developers and practitioners working together on the 

same project, using the same resources, and this demands 

cooperative and coordinated efforts if high-quality systems 

are to be produced[20]. Awareness in a software project 

impacts on the processes being undertaken by enhancing the 

sharing and understanding of vital knowledge concerning the 

activities and expertise of the developers, the stage of project 

tasks and the state of various artefacts. The knowledge 

exchange is known as vital awareness information, and 

involves managers, developers and clients in its 

communication, either directly or tangentially, typically 

using formal regular meetings, informal personal 

interruptions and electronic messages[21]. 

C. Vital information awareness in the distributed 

domain 

Several studies have been conducted on vital information 

awareness during software engineering projects. For 

example, [22] investigated this aspect of workspace 

awareness in real-time distributed groupware, proposing a 

framework to clarify its various types in development 

projects as shown in Fig.1. Another study investigates it in 

the software engineering workplace, examining the impact of 

various factors on awareness of knowledge at a specific 

workplace [23]. In recent years, several studies have been 

conducted on the level of this awareness in the distributed 

domain in various aspects of software development projects. 

For instance, [24], [25]discuss security in a software project 

and how to improve its awareness among those working on it. 

Other research discusses awareness and its impact on agile 

development projects [26]. 

 

 
Fig. 1. Types of awareness [22] 

In summary, the literature review demonstrates that 

knowledge management is central to all organizations and 

that knowledge-sharing in software engineering is essential 

to create among project team members an awareness of the 

client‟s business. Moreover, it reveals a lack of empirical 

studies on the phenomenon of teams‟ awareness of their 

clients‟ environment. 
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III. RESEARCH METHODOLOGY 

In this section, the empirical experiment on an actual case 

is discussed in detail to examine the impact of increased 

awareness in the development workplace at both team and 

individual level. It assesses team productivity in terms of the 

requirements completed in a specific time. In short, the study 

follows the guidelines laid down by [27]. 

A. Problem definition 

Success in a software development project comes with 

incredible difficulty. One of the most significant challenges 

in this type of project is to understand the client‟s business 

model and spread awareness among the members of the 

development team to prevent failure and increase 

productivity [9]. Therefore, this study discusses the impact 

on process productivity of practitioners‟ awareness of a 

client‟s business model and domain during a development 

project. 

B. Hypotheses and research questions 

Quality and speed are crucial to all software development 

projects, representing a tough challenge for a distributed 

developers working in multi-client teams. This study aims to 

discuss the impact on the development process of increasing 

awareness of the client‟s business model and domain through 

improving development team productivity. The hypothesis of 

this study is as follows: 

H1: Increases in the development team‟s awareness from 

training its members on the client‟s domain will increase the 

productivity of the development project. 

H2: The productivity of individual development team 

members will increase after intensive training on the client‟s 

environment.  

The objective of this study is to discuss the impact of 

awareness-raising on both the software development project 

and individual team members. It aims to measure in 

development projects for multi-clients the number of 

requirements completed in a specific time by trained 

members and untrained members, respectively, to ascertain 

whether there is an increase in productivity. 

To meet the research objectives and accomplish these aims, 

the following research questions were formulated: 

RQ1: What is the impact of increasing the awareness of 

software development team members by giving them training 

on clients‟ domain on the productivity of the development 

process in the multi-client domain? 

RQ2: What is the impact of delivering intensive training for 

development team members on individual productivity? 

C. Experimental Setting and Procedure 

In software engineering research, there are several ways to 

conduct experiments and collect data to either build or 

confirm a theory. One is to apply an experiment on a real 

software engineering project as a case study. 

Experimentation in a case study explores wide-ranging 

information  in depth, with a focus on a range of people, 

organizations or contexts [28]. According to [29], case 

studies aid practical understanding and extend our experience 

of a subject. This methodology is appropriate for software 

engineering research as it studies various phenomena in their 

natural context [30]. Therefore, this research has used a real 

case study and collected data from a software development 

company whose project involvement and dealings with the 

client‟s requirements took place in the distributed domain. 

The company, based in Saudi Arabia, has developed a variety 

of software solutions for sectors such as academia, healthcare 

and business intelligence and has significant experience in 

developing products for distributed clients. 

This study aims to investigate the impact on a development 

project and its team members from possessing adequate 

knowledge. Thus, the study recruited eight developers with 

the same experience and skills for two development projects. 

They were split into two teams of four developers. The first 

underwent an intensive training programme for one month to 

learn about the client organization‟s business model and 

domain. By contrast, the second team went straight to the 

clients‟ site with no training. Next, the requirements were 

distributed equally among both teams‟ members to ensure 

that the experiment setting was consistent. 

D. Participants 

Software development projects rely heavily on developers‟ 

experience and skills. This experiment aimed to investigate 

the productivity of both the developer and the entire process. 

It was therefore necessary to recruit the participants in an 

extremely careful and accurate manner. Two projects that had 

a similar business model and business environment were 

identified, and each was allocated four developers, all with 

two to five years of experience in developing educational 

systems. To control the variables accurately, each developer 

was assigned an equal number and type of requirements for 

one month. 

E. Data analysis 

The selected company in this study uses a workflow system 

known as JIRA [31], which is project management software 

to manage clients‟ requirements and other processes 

throughout the development cycle. This made observing the 

developers and counting their resolved requirements easier 

and more accurate. The data were collected from JIRA in the 

form of the requirements completed by each developer over 

the one-month period, as shown in Figure 1. 

 
Fig. 1. Nos. of requirements completed by each developer 

in Teams 1 and 2 (in one month) 

Productivity is the usual measure of quality in the software 

development process. Therefore, this study defined as its 

primary goal the examination of the impact on a software 

development project of increasing awareness of both 

individual and team productivity. This was undertaken by 

comparing the productivity of two teams.  
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Each team received 300 requirements, distributed equally 

among its members. Figure 1 shows the number of completed 

by each team: 261 for Team 1, which had intensive training 

and broad knowledge regarding the clients‟ domain; and  107 

for Team 2, which received no training and had little 

knowledge of the client‟s domain and business model (only 

from information available in documents). Also shown is the 

number of requirements completed by individual developers 

in each team. 

Table I: Results of statistical comparison between Team 1 

(one month of training) and Team 2 (no training) 

 

Client team  N
1
 Mean

2
 Median P-value 

Team 1  4 4.50 67 
0.03 (P <0.05) 

Team 2  4 2.50 26 

1 Number of developers in each team.  2 Mean of rank for each team. 

To conduct a statistical analysis of achieved results in Figure 

1, a statistical test was undertaken as the data do not show a 

normal distribution. A ranked test was necessary, and the 

appropriate test was the Mann-Whitney U test. The results in 

Table 1 show the output used to compare the number of 

requirements completed by the two teams.  

The median of Team 1 displays a variance of 26 to 67 

requirements. At the same time, the P-value was 0.03 less 

than 0.05, indicating a significant difference in the 

productivity of the two teams. This led to the rejection of the 

null hypothesis and acceptance of the alternative hypothesis, 

which states that there was a significant increase in 

development team productivity in Team 1 relative to Team 2. 

IV. RESULTS AND DISCUSSION 

The main goal of the experiment was to investigate the 

importance of knowledge and developers‟ awareness to a 

project‟s productivity. Productivity was measured by 

comparing the requirements completed by the developers 

assigned to the trained and non-trained developer teams, 

respectively. Therefore, the experiment aimed to examine the 

following hypothesis:  

H1: Increases in the development team‟s awareness from 

training its members on the client‟s domain will increase the 

productivity of the development project. 

The results presented in Table 1 show a statistically 

significant increase in the productivity of the development. 

Completed requirements for Team 1, which had a high level 

of background knowledge of the client‟s domain, numbered 

261, whereas Team 2 completed only 107 of the 300 

requirements in the same period (one month). This significant 

result led to the rejection of the null hypothesis and 

acceptance of the alternative hypothesis (H1), confirming 

that there is a discrepancy in the results of the two teams and 

answering the research question RQ1.  

The second hypothesis defined in this study was H2:  

H2: The productivity of individual development team 

members will increase after intensive training on the client‟s 

environment.  

The results of the experiment indicate a variance in the 

number of requirements completed by each developer who 

received sufficient training and background knowledge 

regarding the client‟s domain. They completed between 54 

and 74 requirements, an average of 65.25 requirements 

during the month, while the untrained team‟s members 

completed between 10 and 45 requirements, an average 26.75 

in that time, as shown in Figure 1. Therefore, the results 

confirm hypothesis H2 and demonstrate to project managers 

that spending time on training to improve team members‟ 

knowledge of the client‟s requirements is a worthwhile 

investment that will repay the project in terms of both 

individual productivity and quality. 

V. CONCLUSION  

This study conducted an empirical case study on the 

productivity of both the team and the individual members 

during a software development project. This article 

investigates the impact on productivity of enhanced 

knowledge management and awareness among team 

members. The study meets the goals defined by this research, 

confirming that there were increases in both total team 

productivity and that of the individual team members when 

they have adequate training and full awareness of the 

customer's environment and business model.  

All the study‟s goals were confirmed by the experiment on an 

actual software development project. The case study 

compared two teams, one trained and with adequate 

information and the other that went immediately into the 

workplace to deal with the client‟s requirements. This 

research will help software engineering researchers to focus 

on this aspect and investigate further the correlation of 

knowledge management and software development 

productivity. The study reveals the importance to a project‟s 

success of spending time in training to provide team members 

with adequate knowledge. 
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