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ABSTRACT 
 

Context. Every day software practitioners need information for resolving a number of 
questions. This information need should be identified and addressed in order to successfully 
develop and deliver a software system. One of the ways to address these information needs is 
to make use of some information sources like blogs, websites, documentation etc. Identifying 
the needs and sources of software practitioners can improve and benefit the practitioners as 
well as the software development process. But the information needs and sources of software 
practitioners are partially studied and rather it is mostly focused on the knowledge 
management in software engineering. So, the current context of this study is to identify the 
information needs and information sources of software practitioners and also to investigate 
the practitioner’s perception on different information sources.             

Objectives. In this study we primarily investigated some of the information needs of 
software practitioners and the information sources that they use to fulfill their needs. 
Secondly we investigated the practitioner’s perception on available information sources by 
identifying the aspects that they consider while using different information sources.   

Methods. To achieve the research objectives this study conducted an empirical 
investigation by performing a survey, with two data collection techniques. A simple literature 
review was also performed initially to identify some of the information needs and sources of 
software practitioners. Then we started survey by conducting the semi-structured interviews, 
based on the data obtained from the literature. Moreover, an online questionnaire was 
designed, after conducting the preliminary analysis of the data obtained from both the 
interviews and literature review. Coding process of grounded theory was used for analyzing 
the data obtained from the interviews and descriptive statistics were used for analyzing the 
data obtained from the online questionnaire. The data obtained from both the qualitative and 
quantitative methods is triangulated by comparing the identified information needs and 
sources with those that are presented in the literature.   

Results. From the preliminary literature review, we identified seven information needs 
and six information sources. Based on the results of the literature review, we then conducted 
interviews with software practitioners and identified nine information needs and thirteen 
information sources. From the interviews we also investigated the aspects that software 
practitioners look into, while using different information sources and thus we identified four 
major aspects. We then validated the results from the literature review and interviews with 
the help of an online questionnaire. From the online questionnaire, we finally identified the 
frequency of occurrence of the identified information needs and the frequency of use of 
different information sources.       

Conclusions. We identified that the software practitioners are currently facing nine type 
of information needs, out of which, information on clarifying the requirements and 
information on produce design and architecture are the most frequently faced needs. To 
address these needs most of the practitioners are using the information sources like blogs and 
community forums, product documentation and discussion with colleagues. While the 
research articles are moderately used and the IT magazines and social networking sites are 
least used to address their needs. We also identified that most of the practitioners consider the 
reliability/accuracy of the information source as an extremely important factor. The identified 
information needs and sources along with the practitioner’s perception are clearly elucidated 
in the document.  

A future direction of this work could be, testing the applicability of the identified 
information needs by extending the sample population. Also, there is a scope for research on 
how the identified information needs can be minimized to make the information acquisition 
more easy for the practitioners.  

 
Keywords: Information needs (IN), information 
sources (IS), aspects of the information source and 
software practitioners. 
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1 INTRODUCTION 
In this chapter we present a detailed description of our research topic. Section 1.1 

explains the context, section 1.2 explains the problem outline, section 1.3 explains the 
objectives, section 1.4 explains the research questions, section 1.5 explain the 
contributions and section 1.6 explains the structure of the thesis. 

1.1 Context 
Over the past few years, software engineering has diversified into many areas 

namely testing, development, design, maintenance, etc. These activities make software 
engineering an information driven discipline [1]. The software development process 
[7] consists of many phases and in order to carry out the activities in each phase 
require a lot of information [2]. The overall view of the software development life 
cycle is presented in Figure 1.1. For instance, the development process starts with 
requirements gathering and elicitation phase [2], during which practitioners need 
information for clarifying, analyzing and comparing the requirements. During the 
design phase, the required information is regarding the structure of software, code 
implementation, and the purpose of the code [3]. In the development and testing 
phases, the practitioners need a lot of information regarding the selection of classes, 
functions and data structures, fixing the encountered bugs and studying the behavior of 
code [3]. During the maintenance phase, information on changes took place in a 
software, information on patches and other security updates is required [4]. So, 
designing and developing a software require a consensus of many people besides 
understanding the system’s behavior [3].    

These phases and the underlying activities make software development a complex 
process. So the practitioners make use of different metrics, models, practices, 
techniques and etc., during software development to carry out their tasks. Information 
on these software engineering interventions is essential to address certain 
challenges/problems that software practitioners face while achieving their business 
goals related to time, cost and quality constraints. Jeffrey Voas [5] states that there are 
thirteen major challenges in the field of Software engineering. Some of them include 
achieving software quality, testing stoppage criteria, process improvement and use of 
metrics and measurement. In order to achieve the business goals by addressing these 
challenges, software practitioners spend a lot of time in decision making, which creates 
a need for information and that might vary according to the role, experience, and 
background of the practitioners [1]. 

Also, all the software libraries, frameworks and tools are becoming complex day-
by-day due to the upcoming new features and also due to the advancements in the 
technology. Thus software practitioners need to acquire information on these 
frameworks and tools to perform their daily tasks. Using the software artifacts, 
software practitioners need to convert the formal requirements into a real working 
software system. Rupakheti et al. [6] state that during this conversion the practitioners 
face a lot of information needs, for which they use different kinds of information 
sources. 

In the past, there were situations when the information transmission and 
acquisition was both difficult and costly. But today, due to the advancements in 
technology and also due to the existence of many knowledge repositories, weblog tools 
and user communities, searching for information is not so difficult and costly. Use of 
such information sources can significantly reduce the effort associated in addressing 
information needs and it can also increase the innovativeness in solving the challenges. 
Since there are several different information sources nowadays, it may be difficult for 
the practitioners to identify an adequate source for the encountered information need.  
Also, software practitioners, in various roles, might have different information needs, 
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and prefer different types of sources, in order to address them. So, there is a need to 
identify the information needs and information sources of software practitioners in 
different roles (e.g. developers, testers, managers etc.) and also there is a need to 
investigate why software practitioners (do not) prefer certain sources (e.g. academic 
sources like conference or journal articles).          

 

 
Figure 1.1 Basic software development life cycle [2]. 

1.2 Problem outline 
Many studies [12] [51] have been conducted to assist the practitioners by 

proposing different tools and approaches, to resolve the identified information needs 
and there exist some research tools as well, that can help in locating the relevant 
information [10].  Despite the existence of many information sources and helping aids, 
Feather et al. [11] state that, there is a lack of information that is leading to unfulfilled 
needs and unused research in the field of software engineering. Ko et al. [3] state that 
some of the information needs like understanding the intent behind existing code and 
implementing code for a corresponding design were not addressed. Moreover, Zarate 
et al. [12] state that the unavailability of potential tools and the existence of 
accessibility issues associated with both technology and information are some of the 
reasons for not addressing the identified information needs. 

On the other hand, Shaun et al. [13] state that the software practitioners are 
involved in decision-making processes throughout the software development life cycle 
and the outcomes of these decisions purely depend on the information, based on which 
they are made. So, based on these claims, the following research gaps have been 
identified: 
 
 In order to successfully develop and deliver a software system, a lot of 

information is required. So, there is a need to investigate the type of information 
needs that software practitioners encounter. These information needs if not 
addressed can hinder the process of development and can affect the business 
goals. So, there is also a need to understand the frequency of the encountered 
information needs.  
 

 Information is available in many forms in the field of software engineering. The 
decision-making process occurs concurrently with software development by 
considering the information available from various sources. However, the 
strength of these decisions depend on the correctness of the information. So, it is 
essential to investigate various information sources used by the software 
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practitioners depending on each situation they face and also it is necessary to 
understand the practitioner’s perception on various sources. 

1.3 Objectives 
Based on the claims made in the existing literature, the main aim of our study is to 

identify the information needs faced by the software practitioners’ and also to study 
the usage of different information sources. Also, we intend to investigate the 
usefulness of the academic literature as an information source, in answering the 
practitioner’s information needs. Motivated by this notion, our thesis has also tried to 
identify and reduce the gap between the researchers and the software practitioners. 
The major objectives of this proposed research are: 
 
 To identify the information needs of software practitioners. 
 To investigate the frequency of occurrence of the identified information needs. 
 To identify the information sources that software practitioners use to satisfy their 

information needs. 
 To investigate the reasons for selecting some of the information sources. 
 To identify various aspects that software practitioners consider while selecting 

certain information sources. 
 To investigate the usage of academic literature (e.g. Journal/ Conference papers) as 

an information source by the software practitioners and identify the opportunities 
for improving the transferability of scientific literature to industry. 

1.4 Research questions 
 
We formulate the following research questions to achieve the objectives 

mentioned above. 
 

 RQ1: What are the information needs of software practitioners? 
 RQ1.1: How frequently do these information needs occur? 

 
Motivation: the main motivation behind the research question RQ1 and RQ1.1 is to 
support the decision making process of software practitioners, by identify the 
situations/problems for which the practitioners seek information and also to investigate 
the frequency of occurrence of these needs. Another intention behind these research 
questions is to suggest some tools, sources and practices depending on the needs and 
their frequency of occurrence. Also, identifying the information needs of the software 
practitioners can improve the time, cost and quality trinity and helps in achieving the 
business goals as well as managing the technical debt [52] in the field of software 
engineering. 
 
 RQ2: Which information sources do practitioners consult to satisfy their 

information needs? 
 RQ2.1: Why software practitioners prefer / do not prefer certain 

information sources? 
 RQ2.2: Which aspects (such as accessibility, reliability, and usefulness) 

do practitioners consider in preferring certain information sources? How 
do they measure such aspects? 
 

Motivation: As software engineering is an information driven discipline, the 
information is available in many forms. The main motivation behind RQ2 and its sub-
questions is to identify the list of potential information sources used by different 
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practitioners and the reasons underlying the most used sources. This can help the 
practitioners in addressing their information needs in a better way.  

Moreover, different information needs require different information sources to 
address them. By aligning and mapping the identified information needs with the most 
used information sources can make the information seeking process much easier for 
the software practitioners.  

On the other hand, RQ2.1 identifies, some of the aspects of information sources 
that practitioners consider while using them. This can help in maintaining robust 
information sources. Also, through RQ2.2 we intended to find whether the 
practitioners are facing reliability and accessibility problems while using information 
sources. Another motivation behind RQ2.2 is to find some of the measures that 
practitioners take to ensure the reliability of information. 

1.5 Contributions 
 
The following are the contributions of our thesis: 
 

 Contribution1: This thesis identifies the information needs of software 
practitioners along with their frequency of occurrence. 

 Contribution2: This thesis identifies information sources that software 
practitioners prefer to use in order to address the identified information needs. 

 Contribution3: This thesis identifies aspects that software practitioners consider in 
selecting/using certain information sources.  

 Contribution4: The thesis also investigates the perceived usefulness of scientific 
literature in addressing the software practitioner’s information needs.    

1.6 Structure of thesis 
 
The remainder of this thesis is organized as follows: Chapter 2 presents the related 

work, Chapter 3 presents the research methodology, Chapter 4 presents the results 
from literature review, Chapter 5 presents the results from survey, Chapter 6 presents 
the analysis and discussion, and chapter 7 presents the conclusion and future work. 
Further in the references section, we present the bibliography used for this thesis and 
finally the document ends with Appendix section, which provides a list of additional 
and supporting information.  
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2 RELATED WORK 
 
This chapter presents a clear description of the background and related work 

pertaining to this investigation. Section 2.1 explains the distinction between the 
information and knowledge, section 2.2 explains the background information related to 
our investigation.    

2.1 Information and knowledge 
Before investigating the information needs and information sources of software 

practitioners, it is important to know a clear distinction between data, information, 
knowledge and wisdom and also the situations in which the information is used in the 
field of software engineering. This section presents the background information on 
these concepts. 

Basically, information is available in many forms like documents, photographs, 
books, websites etc. Whereas, knowledge is what we know and what resides in one’s 
brain [59]. There are many models and theories in existence that explains the 
distinction between information and knowledge. One such model is DIKW (Data 
Information Knowledge Wisdom) model [8].   

DIKW model presents a clear distinction and description among data, information, 
knowledge and wisdom. The DIKW model proposes a hierarchy with wisdom on the 
top, followed by knowledge, information and data respectively. According to the 
DIKW model, data is defined as a sequence of symbols and signs that have no specific 
meaning and information is defined as the data that allows answering who, what, 
where and when questions. Whereas, knowledge is defined as the information that 
answers the how questions. Further the article state many definitions of wisdom and 
summarizes the wisdom definition as the evaluated knowledge i.e., wisdom makes use 
of knowledge to answer difficult questions. The DIKW model is illustrated in Figure 
1.2. 

Moreover, Musso et al. [9] made an attempt to differentiate between information 
and knowledge. “Information refers to storing data in mental databases, knowledge 
refers to the relationship between information and such specific aspect of reality” [9]. 
Musso et al. [9] claim that information transforms into knowledge depending on the 
experience.  

Our study is mainly concerned with information rather than data or knowledge or 
wisdom. Now that a clear distinction between the data, information, knowledge and 
wisdom is known, as a next step we present the background of the study. 

 

 
Figure 1.2 DIKW model [8]. 

2.2 Background 
 
A variety of studies has observed the practitioner needs and the questions they ask 

during the software development process. Ko et al. [3] investigated the type of 
information that software practitioners use and also the factors that prevent the 
software practitioners from finding information. Some of these factors include 
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collocation and dependencies among the software artifacts. The author states that the 
most difficult of the information needs is finding the intent behind the existing code. It 
is not true that only the novice practitioners face the information needs. Because, as 
the time elapses, even the experienced practitioners might forget some information 
[38]. Also, the information needs and sources differ at different stages of software 
development process. Besides these factors there can be many other factors or aspects 
that affect the choice of information sources.  

Software practitioners seek the information sources all the time. Sharif et al. [47] 
defined information seeking as the core subtask of software maintenance and states 
that “Information seeking has been defined as the searching, recognition, retrieval, and 
application of meaningful content”. Sharif et al. [47] also explain that 34% of the 
developers focus on information regarding tools and technology, 11.5%   focus on 
system documentation, 11.5% focus on task implementation, 11.5% focus on 
debugging information and 10.5% focus on system enhancement information [47]. 

Li et al. [14] made a similar investigation in addressing the help seeking activities 
in software engineering. The author investigated some of the situations in which the 
developers seek help and also investigated the developer strategies during the help 
seeking process. This study depicts that, the help seeking is an iterative process that 
involves searching, verifying and managing the helpful information. On the other 
hand, Shang et al. [15] made an attempt to help practitioners by mapping the 
information present in various development repositories like Hadoop, Cassandra, and 
Zookeeper based on  log lines. A log is an output message that plays a vital role in 
software development and maintenance. The log records assist the developers in 
solving many issues, that arise during the development and maintenance phases [15].  

Problem solving and decision making are the two activities that software 
practitioners involve during the software development [6]. So, in order to assist the 
practitioners, Dyba et al. [16] presented an approach, that contains a sequence of steps, 
namely the conversion of the problem or available information into an answerable 
question, searching the literature for evidence, checking the applicability, impact, and 
validity of evidence, integrating evidence with practice, evaluating performance and 
improving it.     

Dongmei Zhang et al. [17] provides an insight on software analytics that makes 
use of the open source data communities like Sun community for java programmers, 
stack overflow, special interest groups of IEEE and ACM, etc. [18] which provide a lot 
of knowledge on source code, bug history and other information that is needed to 
resolve various issues in software community. Desouza [19] states that the knowledge 
transfer among the practitioners happen less frequently and some experts feel reluctant 
to share knowledge, as if it makes them less powerful or less valuable to the 
organization. To avoid this, many organizations make use of data warehouses like 
IBM’s Lotus Notes and Microsoft’s Exchange to facilitate knowledge sharing [18], 
[19]. 

As stated earlier, problem-solving and decision making are common challenges 
that practitioners face in their professional lives. Sharma et al. [20] state that there are 
no information repositories available in software organizations. Amine et al. [21] state 
that implementing knowledge management systems in software engineering 
organizations is difficult. Yu et al. [22] claim that knowledge sharing does not happen 
frequently in many organizations. Therefore, to satisfy the information needs, software 
practitioners use different information sources, which are both internal and external to 
the organization, as software development is knowledge intensive [1] [23]. Mahmud 
[24] investigated the software engineering forums namely blogs, videos, tutorials that 
practitioners use for sharing knowledge.  

Erin Lim et al. [60] investigated, how software practitioners deal with the technical 
debt. The author states that there is a significant technical debt and is difficult to 
measure. Also, the author state that, the debt is not just confined to one particular area 
but it can be seen in many areas.  
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The technical debt is capable of causing reliability, performance, and stability 
issues. Which might ultimately affect the customer satisfaction. Some of the situations 
when technical debt is felt are  

 Delivering a system in a tight dead line. 
 Integrating with partner product before release. 
 Developing a prototype to secure investor funding. 
 Getting a quick narrow market for the product.  
 Customers coming up with new requirements during acceptance testing or 

when the list of features is too long to address. 
Some of the developer’s technical debts are fixing bugs, defects, deficiencies in 

code, which are also called as risks by the managers. These debts can be termed as 
information needs to reach customer expectations and to attain quality [60]. 

 
 Ways to manage technical debts: 

 Use of risk management plan. 
 Managing the expectations of customers and other non-technical 

stockholders.  
 Conducting audits with the development team.    
 Using the historical data that is obtained from the previous projects, 

considering the context of the information need. 
 Changing the model of development and rerouting the development path 

in a way to avoid the information need [60].    
 

Our study would complement the existing studies by studying the practitioners’ 
perception on information sources and then by analyzing the aspects that practitioners 
consider while using the information sources, besides identifying the information 
needs and sources. 
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3 METHODOLOGY 
This chapter presents the research methodology used in our thesis. A detailed 

description of each research method used, data collection process, sampling, analysis 
techniques employed were elucidated in different sections. Section 3.1 presents the 
literature review, section 3.2 presents the survey, section 3.3 presents the mapping of 
research questions with research methods, section 3.4 presents the sample population, 
section 3.5 presents the study design, section 3.6 presents the data analysis and section 
3.7 presents the reliability of the investigation.  
 
Research method (a brief view): We employed multiple research methods in our thesis. 
First a literature review was conducted for collecting sufficient information regarding 
our research questions. Next, a survey was performed using both qualitative and 
quantitative data collection techniques. Semi-structured interviews were conducted, as 
a part of the qualitative study and an online questionnaire was used for conducting the 
quantitative part. Because there is a possibility that the data obtained from the 
interviews can influence the results from the online questionnaire, the results from 
both the interviews and online questionnaire were verified and compared with the 
findings from the literature.  

3.1 Literature review 
 
Levy et al. [31] state that literature review is “the use of ideas in the literature to 

justify the particular approach to the topic, selection of methods, and demonstration 
that this research contributes something new”. So, prior to conducting any research, a 
review of past literature is very essential. Performing literature review creates an 
opportunity for advancing knowledge.  

 
Motivation for performing Literature review: 

 Hove et al. [27] state that software engineering concepts are qualitative in 
nature. So, as our study deals with software practitioners, performing a 
qualitative study like literature review would be more beneficial. 

 Performing literature review can help in knowing the existing body of 
knowledge regarding the research topic and the research questions [32]. 

 Provides a justification and motivation for stating the presence of the existing 
problem [31]. 

 It helps in selecting an appropriate research method by declaring some 
predefined goals and objectives to proceed further with the research method 
[31]. 

 It helps in verifying the current results with the existing results for interpreting 
the final conclusions [32]. 

3.1.1 Data collection for the literature review 
This section presents the data collection process followed while conducting the 

literature review. The very purpose of our literature review is to find the existing 
knowledge on some of the information needs of the software practitioners and the 
corresponding information sources that they use to address and resolve their needs.  

 
The following are the objectives of this literature review: 

 To identify some of the information needs of software practitioners  
 To identify the information sources used by the software practitioners.  
 To identify various aspects that practitioners consider while using the 

information sources.  
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As soon as the research idea and objectives were formulated, we started searching 
the relevant literature. Levy et al. [31] state that the literature review can be conducted 
in three stages: input, processing and output stages. The input phase depicts the search 
strategy, the processing stage depicts the search results and the output phase depicts 
the evidence supporting the research questions.  
Search strategy: 

There exist many scientific databases and electronic resources in order to gather 
the existing literature. The data obtained from these sources mainly depend on three 
factors like keyword used for searching, backward and forward search [31]. Keyword 
formulation is essential to query the required literature. The backward search is the 
process of going back in the literature based on the references, authors and previously 
used keywords. In other words, it is like pulling the references from the references. 
Similarly, a forward search is done by using the forward references. In other words, 
forward search is the process of reviewing the articles that have cited the current article 
[31]. While performing our literature search, (with both the forward and backward 
searches), at a particular point, we started getting articles related to knowledge 
management rather than information needs and sources of the practitioners. So, at this 
point we stopped our search for literature. 

We started our search for literature by identifying and using some of the keywords 
(synonyms of keywords and combinations of both synonyms and keywords) that are 
related to the research questions, along with Boolean OR/AND operators to form the 
query string. The search string thus formed was used in different scientific digital 
libraries namely IEEE explore, Scopus, Google scholar, and BTH-Summon. 
Depending on the database and the context, the search string was modified and 
implemented. As there were many modifications done to the search string, so instead 
of presenting every modification, hereby we present our initial search string in Figure 
3.1.1. 

(Information needs OR information challenges OR software development challenges OR 
programmer needs OR programming problems) AND (information sources OR 
programming help OR software repositories OR information resources OR information 
seeking OR information retrieval OR knowledge sharing) AND (software engineering OR 
development environment OR software development). 

Figure 3.1.1 Initial search string. 
Search results: 

To the best of our knowledge, we initially could find very less scientific articles 
that were addressing our research questions. After obtaining a start set of 15 research 
articles, both forward and backward searches were performed to collect sufficient 
literature to find out the information needs and information sources of software 
practitioners. Depending on the obtained results some refinements were done to the 
search strings until the desired number of concrete set of research articles were 
obtained. Thus, we finally identified 25 scientific articles that were addressing our 
research questions. Table 3.1.1 depicts the details of the articles that were chosen for 
performing our literature review. All the above-mentioned steps were followed to 
collect the background knowledge regarding the research area and also to relate the 
current contribution to the existing body of knowledge. 

 
Table 3.1.1 Research articles. 

Research article Database Count 
[18], [21], [41], [3], [45], [48], [42], [6], [39], [50], [49], [51], [40], 
[44], [13], [43], [14], [16], [15], [37], [38] 

IEEE 21 

[1], [46], [23], [12] Scopus 4 
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As shown in Table 3.1.1, we could find 21 articles from IEEE and 4 articles from 
Scopus addressing our research questions. 

Inclusion criteria: 
The following inclusion criteria were considered for our literature review. 

 Articles that are peer-reviewed empirical studies and describing some of 
the information needs. 

 Articles that are peer-reviewed empirical studies and describing some of 
the information sources.  

 Articles that are described in English. 
 

Exclusion criteria: 
The following exclusion criteria was considered for our literature review. 

 The articles that deal purely with knowledge management rather than 
information needs and information sources. 
  

After finding the relevant literature, it is important to comprehend the literature. 
So, as a next step analyzing the literature was done by connecting, comparing and 
synthesizing the literature. Thus from the literature review, we identified some of the 
existing knowledge on information needs and sources of the software practitioners.  
The output obtained from the literature review was used to conduct interviews and also 
in preparing the online questionnaire. The results of the literature review were 
presented in chapter four. 

3.2 Survey 
“Surveys are systems for collecting information to describe, compare and predict 

attitudes, opinions, values, knowledge and behavior” [25]. Robson [26] defines survey 
as “collection of standard information from specific population”. In general, a survey 
is a retrospective study of investigation that involves large population. Also, C. Wohlin 
et al. [57] referred survey as the research-in-the-large and research-in-the-past. For our 
investigation, the survey is conducted with semi-structured interviews and online 
questionnaire as the data collection methods.  

 
Motivation for selecting the survey methodology: 

From the literature, it is evident that the software practitioners are facing some 
information needs in their work. To further investigate these information needs and 
sources, the study should collect and analyze the experiences of a large number of 
software practitioners working in different countries and companies. So, a 
retrospective study like survey is more suitable to collect the software practitioner’s 
past experiences on their information needs and sources. Also, the results of our 
investigation purely depend on the opinion of targeted population. So, a retrospective 
study like survey is more suitable for the current study.  

Whereas the experiment is not suitable for this study because the study is not 
investigating casual relationships among the variables. Also, the study is not 
comparing and inspecting some methods or techniques [54] [57]. So, the experiment is 
not suitable. Also, the case study is not suitable because the current study is not an 
observational or explorative study. Also, the study does not investigate some 
phenomenon under real environment [56] [57]. So, the case study is also not suitable. 

 
 

 
 
 



 

17 
 

3.2.1 Objectives of the survey 
 
A clear set of objectives is very important before implementing a research method. 

The objectives of the research method are very important to regulate the scope of the 
study. 

 
 These objectives were framed based on the research questions.  

 Selecting the target population for the research study.  
 Interviewing the software practitioners to know some of the information 

needs faced by them and the corresponding sources used to address their 
needs.     

 Besides the needs and sources, through the interviews we also investigate 
the frequency of occurrence of the needs, frequency of use of the 
corresponding sources and the aspects that practitioners consider while 
selecting and using the information sources. 

 Besides interviews, an online questionnaire was implemented to collect 
the data from larger population and also to verify the data that is available 
from the interviews. 

 Comparing and aggregating the data from both interviews, online 
questionnaire with literature review and analyzing the results.  

 

3.2.2 Data collection methods used for survey 
For conducting the survey, two data collection techniques were used namely semi-

structured interviews and an online questionnaire. 
 

Semi-structured interviews: 
Interviews are the most frequently used data collection techniques in qualitative 

research. Interviews can benefit in studying the practitioner’s perception and also in 
obtaining an overview of the phenomenon under study [27]. Also, in the present study, 
the research goals are qualitative in nature. So, it is more appropriate to use qualitative 
measures like literature review and interviews. 

Generally, there are three types of interviews namely structured interviews, semi-
structured interviews, and unstructured interviews [28]. For this study, a semi-
structured interview was chosen as one of the data collection techniques, as it can 
benefit in preparing the questions for the interview, ahead of time and can give 
comparable qualitative data, which is more appropriate for the current research. In the 
study, the interviews were conducted with software practitioners from different 
organizations across different countries, to investigate their needs and corresponding 
sources. Thus, semi-structured interviews were conducted to get an in-depth 
understanding of the information needs and information sources for making more 
reliable and concrete contribution. 

 
Online questionnaire: 

After conducting the interviews, as a next step, quantitative study was performed 
by designing and implementing the online questionnaire. A questionnaire is a cost-
efficient data collection tool, which can collect the data from a larger sample, and 
therefore the results of questionnaire study are more generalizable. The questionnaire 
instrument was designed after performing an initial analysis of the data, collected 
through literature review and interviews. The questionnaire included both open and 
close-ended questions. Generally, close-ended questions are questions that can be 
answered by simply mentioning either yes or no [26]. While the open-ended questions 
need more than just providing a one-word answer and involve some thinking before 
answering the question [26]. The questions chosen for the questionnaire are designed 
by considering the research questions and survey objectives. In this study, the online 
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questionnaire is also used to validate the information needs and sources that are 
obtained from the interviews.  

Thus, the study uses a mixed method design with both qualitative and quantitative 
approaches. The reasons for selecting a mixed method design is presented in the next 
sub-section. The study design is illustrated in Figure 3.3. 

 
Reasons for Mixed method approach: 

Performing qualitative study can benefit in a clear understanding of the objectives 
and also in studying the context, complexity, ambiguity and people’s perception on the 
objectives of the study [29]. While a quantitative approach can help in validating and 
analyzing the data obtained from a qualitative approach. So, this mixed method 
approach can benefit in analyzing the qualitative information from interviews using 
quantitative online questionnaire. Also, the mixed method approach can answer the 
questions from more than one perspective. This also helps in strengthening the 
findings of the research [30]. Margit Raich et al. [29] state that “integration of both 
qualitative and quantitative methods encourages serendipity, stimulates theoretical 
imagination and initiates new ideas” [29].  

Here in the current study, our objective was to investigate the information needs 
and corresponding information sources used by the software practitioners. For this 
purpose, in order to get a clear understanding of the needs and sources, we planned to 
conduct a qualitative study, in which the data is collected by interviewing software 
practitioners. But with interviews, we cannot reach to a larger population. So, based on 
the needs and sources obtained from the interviews, as a next step, an online 
questionnaire was prepared and used to analyze and validate the needs and sources of 
software practitioners. Hence, a mixed method approach is more suitable and 
convenient to achieve the aforementioned aims and objectives. The results obtained 
from both the qualitative and quantitative methods were combined, compared and 
correlated and were proposed as the results of the study. 

 

3.3 Mapping research questions with research methods 
This section presents a detailed description of the mapping between the research 

questions and the research methods. The selection of methods for answering each 
research question is presented in Table 3.3.    

 
Table 3.3 Research questions versus methods. 

Research question (RQ) Literature review Survey 

Interviews Online questionnaire 
RQ1    
RQ1.1    
RQ2    
RQ2.1    
RQ2.2    

 
As presented in Table 3.3, RQ1, RQ2 were answered by the two methods namely 

literature review and survey. RQ1 and RQ2 identify the information need and sources 
of software practitioners. We initially conducted a literature review to identify some of 
the information needs and sources presented in the literature and then we 
complemented the literature review by conducting semi-structured interviews, to 
identify and observe some additional (if any) information needs and sources. The 
motivation behind conducting interviews and literature review is to observe if the 
needs presented in the literature are still encountered by the practitioners and also to 
see if the practitioners are using the same information sources. Then we used an online 
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questionnaire tool, to verify the qualitative data obtained from the interviews and 
literature review. The motivation for using the online questionnaire tool is to check the 
consistency of the findings and also to validate the obtained findings from a larger 
population.  

RQ1.1 investigates the frequency of the information needs i.e. how frequently 
software practitioners face the identified information needs. The online questionnaire 
is used to address this research question. RQ2.1 collects the preferred information 
sources of software practitioners and the underlying reasons for their preference. 
RQ2.1 is answered by interviews. The motivation for using interviews to answer 
RQ2.1 is, interviews can help in knowing the practitioner’s perception about the 
information sources.  

RQ2.2 is answered by both the interviews and an online questionnaire. RQ2.2 
collects the aspects that practitioners consider while using an information source. In 
the interviews we also investigated the importance of various aspects while using the 
information sources. Then we validated the data obtained from the interviews with an 
online questionnaire. 

As research questions, RQ1.1 and RQ2.2 collect the frequency and importance 
associated with information needs and sources. An online questionnaire was used to 
address these research questions. Answering these research questions require data from 
a larger population. So, online questionnaire was used for addressing these research 
questions. The mapping between the research methods and corresponding research 
questions is presented in Figure 3.3. 

 

     
Figure 3.3 Mixed method Approach 

3.4 Population and Sample 
 

After having the clear set of objectives in mind, it is essential to select the sample 
population before proceeding further with the survey. As it is impossible to involve 
entire population in a research study, sampling can manage the population for the 
study. “A sample is a portion or subset of a larger group called a population” [25]. A 
good sample must be a representative of the targeted population. So, a checklist with 
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the study and survey objectives as mentioned in sections 1.3 and 3.2.1, was used in 
obtaining a sample that represents the target population. 

To achieve the desired and target population, different sampling methods are 
available. Generally, sampling methods are of two types i.e., probability and non-
probability sampling. For this study, convenience and snowball sampling approaches 
which fall under non-probability sampling methods were used. The non-probability 
sampling selects the sample by judging the characteristics of the target population [25]. 
Sections 3.4.1 and section 3.4.2 explains the sampling methods used for each data 
collection method in detail, to manage the population for conducting the study.  

 

3.4.1 Sample selection for the interviews 
Convenience sampling method was used to get the desired sample of software 

practitioners for conducting interviews. Convenience sampling helps to select a sample 
that contains a group of individuals who are more suitable for conducting the study 
[25]. Moreover, convenience sampling can benefit the research by allowing the use of 
members of the population who are readily available.  

3.4.2 Sample selection for the online questionnaire   
For selecting the sample for the online questionnaire, the snowball sampling 

method was used. The snowball sampling increases the desired population by relying 
primarily on the convenience sample (previously identified members) to identify other 
members of the population [25]. The reasons for using the snowball sampling method 
is that the study is dealing with a specific group of the population called software 
practitioners. Also, this sampling method can simplify the quantitative study i.e., the 
process of data collection using the online questionnaire [25]. Also, snowball sampling 
is beneficial when it is difficult to obtain the sample population that represents the 
actual population [25]. 
 
Criteria followed while selecting the sample population: As mentioned above, the 
sample population is a representative of the desired population. So, in our study, the 
software practitioners performing different roles in the software industry are the target 
population. The authors followed the following criteria while selecting the sample. 
 
Inclusion criteria for selecting the sample: 

 People performing non-managerial roles like software developer, software 
tester, analyst and designer in both the startups and the well-established 
multinational companies. 

 People in managerial positions and who had previously worked as 
software developers or testers. For instance, project manager, product 
owner, scrum master, team lead and etc. 

 People in other specific roles like an agile coach, consultant, business 
analyst etc. 
 

Exclusion criteria for selecting the sample: 
 People performing non-technical roles namely technical editor, sales staff 

etc. in the software industry. 
 
The above inclusion/exclusion criteria were used to meet the required sample 

population in order to achieve the objectives of the study. The motivation for 
considering the participants performing different roles in the software industry is to 
investigate whether all the participants are having the same information needs and also 
to investigate whether they are using the same sources or different sources to address 
their needs. The reason for excluding the people performing non-technical roles is that 
they do not come under the scope of the study.    
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After having a clear set of survey objectives and sample population, we started the 
survey by performing the interviews first and then we used an online questionnaire for 
data collection.  

3.5 Study Design 
This section explains the overall study design of the research methods used while 

conducting the study. 

3.5.1 Design of the Interviews  
 

Planning is one of the important parts for conducting interviews. The following are 
the steps followed while conducting the interviews based on the guidelines presented 
in the book [26]. 

 
Scheduling: the interviewees were contacted for appointments. The interview 

timings were planned based on the availability of the interviewees. A to-do list was 
prepared to know the status of the interviews namely conducted, to be conducted, 
conducting.   

Collecting background information: During the interview time, the demographic 
information regarding the interviewee was collected and absolute confidentiality was 
assured to ensure data privacy. Some of this information was regarding interviewee 
name, the name of the organization he/she is working, etc. 

Discussion and meeting: After the demographic questions, the questions related 
to our research and investigation were asked and the corresponding information 
regarding the information needs and sources was collected. During the discussion, the 
interviewee’s perception on various information sources was also collected.  

Recording and writing a summary: the interviews were recorded after taking the 
permission from the interviewees. Besides recording the interview, a summary of 
information of what the interviewee presented during the interview was written. This 
could help in validating the data right after the completion of the interview.    

Transcribing: based on the written summary and also the audio tape, the data was 
transcribed immediately after completing the interview, so that no information gets 
missed and manipulated. 

After the above process, the transcribed documents were coded and analyzed to 
draw the conclusions and results. The coding process and the data analysis were 
explicitly described in section 3.6 of this chapter.   
 
Interview protocol: Before conducting the interviews, considering the above steps, an 
interview protocol was prepared with some guidelines for collecting demographic and 
subject related information. Based on this protocol, the interviewees were asked 
different questions regarding the information needs and information sources. Our 
interview protocol with some revisions and modifications was used iteratively to 
conduct the interviews. The interview protocol was presented in Appendix-D. After 
preparing an interview protocol, the software practitioners were requested for the 
interviews. A screenshot of the email used for requesting the practitioners is also 
presented in Appendix-D. The interview protocol mainly depicts the following three 
steps for conducting interviews. 

 
Step1: Presenting a brief introduction regarding the topic, the purpose and the 
objectives of the study. Ensuring the interviewees about the data confidentiality 
and requesting permission for recording the interview, are done as a part of this 
step. 
Step2: asking the respondents demographic information was done as a part of this 
step. Some of the information collected in this step is the following: 

 Name, email address, qualification, and Nationality of the interviewee. 
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 Name and size of the organization, current role. 
 Total experience of the interviewee and current location of employment. 
 Asking whether the interviewee has some participation in writing a 

research article. 
 Asking whether the interviewee has coordinated with academia for any 

project/study. 
Step3: this step forms the main core competent part of the interview. During this 
step, the following information was collected from the interviewee. 

 Asking the information needs of the interviewee. 
 Knowing the frequency of occurrence of these needs. 
 Asking for the information sources used to address these needs. 
 Knowing the reasons for preferring some information source/sources. 
 Asking the aspects that are considered while selecting the information 

source.  
 Knowing about the measures that are taken to ensure accessibility and 

reliability of information. 
 Asking whether the interviewee had attended any conferences, workshops 

and used them as the information sources.   
 

After asking the above information, confirming and crosschecking the data was 
done by summarizing the information given by the interviewee. The interview was 
closed by again ensuring the confidentiality of the information. 

 
Pilot interview: Before interviewing the software practitioners, a pilot interview was 
conducted with one of the researchers from BTH who had worked in the industry, 
before moving to academia. After the interview, based on some valuable suggestions 
and feedback, the interview protocol was revised again and the interviews were 
conducted based on the revised interview protocol.   

 
Actual Interviews: The actual interviews were conducted with software practitioners 
from different software backgrounds. Nearly seventeen software practitioners were 
interviewed. Some of the interviews were face to face and most of them were done 
over Skype. The interview protocol was used to carry out the interviews. All the 
interviews were recorded by taking the permission from the interviewees and are then 
transcribed and coded. The coding process was explained in section 3.6 of this chapter. 

3.5.2 Design of the online questionnaire 
Like the interview protocol the questionnaire has three parts. A brief introduction 

and description of what the online questionnaire is about, collecting respondent’s 
information by using some demographic questions and finally the survey questions. 
These questions are designed in a way to address the predefined research questions and 
objectives. The demographic questions that were used during the interviews were 
again used in designing the questionnaire. However, the survey questions in the online 
questionnaire were designed based on the data obtained from the interviews and 
literature review. The questions used in the online questionnaire are presented in Table 
3 of Appendix-D in detail. 

 
Validation of the questionnaire: A validation of the questionnaire is essential, once 

the questionnaire was designed. So, as a first step, the questions of the online 
questionnaire were validated by checking the understandability of the questions and 
also verifying whether they were consistent with the research questions. A rigorous 
evaluation was performed to check the intention behind each question to reduce the 
chance of misinterpreting the questionnaire. The survey with the validated questions 
was designed using google forms and finally posted online. The motivation behind the 
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selection of the survey tool is, its usability and also by considering the way in which it 
answers the research questions. Pretest of the questionnaire was done by our 
supervisor as well as by one of the researchers at BTH. We estimated the time for 
completion to be approximately 10 to 15 minutes to complete the questionnaire. Thus, 
the questionnaire was validated to ensure understandability, ease of use and also in 
order to obtain a concrete set of results.  

Upon completing the validation of the questionnaire, it was distributed among the 
sample population using various channels like email, social networking websites and 
groups like Facebook, LinkedIn, twitter, etc. The survey was kept live for a period of 3 
weeks, i.e. from 8th April 2016 to 28th April 2016. The responses from the online 
questionnaire were collected using Microsoft excel and the data analysis of the 
questionnaire data was presented in chapter six. 

 
Publishing the questionnaire: After preparing the questionnaire, it was initially 

distributed among the author’s and supervisor’s contacts by using convenience 
sampling. But, in order to identify and increase the desired population for the 
questionnaire, we made use of snowball sampling [25] by relying primarily on the 
identified members from the convenience sampling [25]. Also, the questionnaire was 
posted in Facebook groups, twitter and LinkedIn groups. We made sure that only the 
software practitioners answer the questionnaire. The participant was made to log in to 
their google account before answering the questionnaire. This was done to avoid the 
duplication of responses and also to make sure that each participant submits only one 
response. We also made sure that the questionnaire remains anonymous by providing 
the non-mandatory contact details for follow-up and clarification purposes.  To 
increase the response rate for the questionnaire and to avoid misunderstanding, all the 
questions were framed in a way to convey the very intention of the researchers, behind 
each question in an understandable manner. Also, care was taken in regulating the 
format, layout and text size associated with the questionnaire. 

3.6 Data analysis 
 
This section explains the data analysis process followed for the data obtained from 

the interviews and the online questionnaire. 

3.6.1 Data analysis for the interviews 
For analyzing the data from the interviews, this study makes use of grounded 

theory principles proposed by Glaser and Strauss [33]. The other data analysis 
techniques include thematic analysis. Thematic analysis is not suitable for our study 
because, we do not intend to identify some patterns based on our research questions.  
Grounded theory (GT) is a research study where a series of steps were followed to 
generate a theory. The steps in GT includes coding, categorizing, comparing and 
relating the data. Glaser and Strauss [33] in 1967 first introduced grounded theory. 
Later a new version of GT called Glaserian and Straussian was proposed. Coding 
techniques are one of the major differences between these versions. Depending on the 
flexibility and ease of use, the coding techniques from the Strauss and Corbin version 
of GT [34] were used for this study. Corbin and Strauss [34] state that the researchers 
can make use of grounded theory procedures without generating a grounded theory by 
explicitly stating it. Similarly, our study does not generate any theory by making use of 
GT principles. But instead, the GT principles were used for analyzing the data from the 
interviews to get a clear set of information needs and sources used by the software 
practitioners.  

So the first step in applying GT principles is theoretical sampling [34]. The 
theoretical sampling is the process of coding and analyzing the collected data obtained 
from the interviews. The main purpose of theoretical sampling is to transcribe the data 
from the interviews, coding the transcribed documents, generating the categories from 
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the codes and finally identifying the relationships among the categories. This process 
continues until a theoretical saturation [34] is reached. At this point, no more 
categorization and analysis are possible from any additional data. Thus, the final 
categories and the relationships among the categories were used to answer our research 
questions. Each step of the data analysis process is presented below in detail:  

     
Transcribing: Among all the interviews, some of them were face to face and most of 
them were through Skype. All the interviews were audio recorded besides manually 
writing down the responses to reduce the risk of missing some important data. So, the 
audio tapes obtained from each interview were manually converted into text format. 
This process of conversion from recoding to written text is called transcribing [26]. 
The manual transcribing (word by word) was done after the completion of each 
interview. The transcribed documents were verified against the notes that were taken 
during the interviews.  

 
Coding: Our study made use of the following coding techniques of grounded theory to 
generate the categories of information needs and sources.  According to Corbin and 
Strauss [34], there are three types of coding methods. They are open coding, axial 
coding, and selective coding.  

 
Open coding: Open coding process of GT makes use of the transcribed documents 
from the interviews and analyze the data by assigning the codes to the text. The 
assigned codes provide meaning to the text and represent the text. These codes are 
often taken from the text itself. These codes provide the context description and 
require no further interpretation. The list of codes from the first interview were used as 
a base to code all other interviews. All the interviews were coded line by line manually 
[34].  

 
Axial Coding: The codes obtained from the open coding process are compared to 
obtain a set of categories and sub-categories. The codes are constantly compared 
within and across the interviews to identify some new categories (if any). During this 
comparison, the similar codes emerged were combined to form a sub-category and the 
similar sub-categories are combined to form a category. So, during this phase all the 
codes related to information needs were grouped into one sub-category and all the 
codes related to information sources were grouped into another sub-category. 
Similarly, a sub-category was created for aspects of the information source. This is 
done by following the GT procedure called constant comparison method [34].    

 
Selective coding: After performing coding and categorizing the codes, it is essential to 
analyze the relationships among the categories. Selective coding is used to integrate, 
analyze and refine the relationships among the categories. This phase can help in 
creating a theory out of the categories and sub-categories that were generated from the 
above phases. A core category is something that frequently appears in the data and it is 
the thing around which the entire study revolves. So, all the identified categories, sub-
categories are related to the core categories. For instance, the information needs and 
information sources form the core categories of the current study. The data namely, 
different types of information needs and different information sources formed the 
categories of the study. All the other data were mapped to come under sub-categories 
and properties of the defined categories [34].   
 

Interview validation: 
After analyzing the data from the interviews, the obtained data was validated with 

the existing findings obtained from the literature review to check the consistency of the 
results. Also, the data obtained was validated from a larger population by designing 
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and using an online questionnaire. Thus, the data obtained from the interviews was 
validated with the existing literature and also verified from a large population. 

3.6.2 Data analysis for online questionnaire 
The data obtained from the online questionnaire was analyzed using descriptive 

statistics [25]. This collected data includes the following: 
 Information needs and information sources 
 Frequency of information needs 
 Frequency of use of information sources 
 Importance of aspects of information sources 
 
Nominal scale was used while measuring the frequency and importance associated 

with the information needs and sources. For example, while measuring the frequency 
of occurrence of the information needs and frequency of use of various information 
sources, a five-point nominal scale with calibration always, very often, sometimes, 
rarely and never was used. Another five-point scale with calibration extremely, very, 
moderately, slightly and not at all was used, while investigating the importance of 
different aspects of information source.  

 The questionnaire data thus obtained was analyzed by considering three 
categorical variables namely role, experience and qualification of the respondents. The 
frequency, mean and mode values of the responses were calculated for the analysis. 
The Microsoft excel tool was used for the data analysis. The analysis process along 
with the observations was presented in chapter six. 

3.7 Reliability of the investigation 
The following measures have been taken to ensure the reliability of our findings. 
 
Peer debriefing/cross comparison: After each interview, the identified information 

needs and information sources were discussed with the supervisor and also among the 
authors of this document. This helped in interpreting and summarizing the identified 
needs and sources, besides relating them with those that were obtained from other 
interviews and the existing literature. 

 
Triangulation: Norman K. Denzin [35] state that triangulation as an alternative 

technique for validation and helps in the in-depth understanding of the phenomenon. 
The study made use of different data collection methods namely interviews and an 
online questionnaire to draw the conclusions. We made use of method triangulation, to 
study the contemporary aspects of the notion of the study and we compared and 
verified the findings of one method with the findings of another. The comparison of 
results is presented in the chapter six. 

 
Constant checking: the list of information needs and information sources obtained 

from one interview were used as an input for the next interview and this process was 
done iteratively for all the seventeen interviews until a concrete set of information 
needs and sources were obtained. The data obtained from the interviews was validated 
using online questionnaire from a larger population. 
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4 RESULTS FROM LITERATURE REVIEW 
 
This chapter presents the results of literature review performed as a part of our 

investigation. The literature review was conducted by following the guidelines 
presented in the articles [32], [36]. The literature review identifies and elucidates the 
information needs, information sources and other related concepts presented in the 
existing literature addressing our research questions. Section 4.1 explains the sample 
description, section 4.2 explains the implications of literature review and section 4.3 
explains the summary of literature review. 

4.1 Sample description: 
This section describes the sample of the articles used for performing this literature 

review.  

4.1.1 Sample description of Literature review (LR) 
We performed the LR by analyzing some of the scientific articles that are 

addressing our research questions i.e. those articles that are investigating software 
practitioners’ information needs and sources. As mentioned in chapter three, we made 
use of various keywords in order to obtain a start set of research articles to perform the 
LR. From the start set, both forward and backward searchers were performed to obtain 
the sufficient amount of literature. While performing our literature search, (with both 
the forward and backward searches), at a particular point, we started getting articles 
related to knowledge management rather than information needs and sources of the 
practitioners. So, at this point we stopped our search for literature. Thus, we could 
identify 25 articles that address our research questions. The LR was performed with 
these 25 articles as the sample. We classified these articles based on the employed 
research methods in Table 4.1.1. 

 
Table 4.1.1 Articles versus research methods. 

Research method Article Count 
Survey [1], [13], [37], [38], [40], [45], [50] 7 
Experiment [14], [41] 2 
Case Study [12], [23] 2 
Solution proposal [16], [46], [48], [49] 4 
Field study [3], [42] 2 
Others  [39], [43], [6], [44], [15], [18], [21], [51] 8 

 

4.1.2 Definition of information need 
 
Jedlitschka et al. [45] defined information need as, “Type and source of 

information needed to motivate the introduction of inspections, goals associated with 
the introduction of the inspections, as well as reasons for and against using 
inspections.” 

Generally, information need is defined as a need for information to address the 
challenges that software practitioners face in their day to day work. An example could 
be the need for learning a new API (Application Programming Interface). On the other 
hand, an information source is a place for information that software practitioners visit 
in order to satisfy their information needs. Few examples of information sources are 
product websites, blogs, books, etc.   

As addressed earlier, the software practitioners involve a lot of decision making 
and problem solving during their work. These decisions could be regarding the choice 
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and use of different tools, techniques, methods etc. To make these decisions, software 
practitioners spend a lot of time in understanding various things [38]. This decision 
making process can lead to many information needs. To address these needs 
practitioners, make use of different tools and techniques in order to find relevant 
information sources that can address their information needs. So, knowing about these 
needs that software practitioners face can help in making their work much easier. From 
the literature we found that there is also a lack of the tools and techniques, which can 
help to locate the required information sources [37]. In such cases, Buse et al. [37] 
suggested relying primarily on past experience and intuition to make appropriate 
decisions. After defining and providing some background on the information needs 
and sources, as a next step we present some of the information needs and information 
sources that were proposed in the literature.  

 

4.1.3 Information needs  
 
We observed from the literature that every information need is associated with 

some set of questions. To the best of our knowledge, we could find only the 
information needs of programmers and managers from the literature. So, in this section 
we will discuss some of the information needs and the questions that practitioners try 
to solve, when they face the respective information needs.  

 
Regarding programming languages: One of the information needs that we found from 
the literature is the need for information regarding programming languages. This sub-
section explains the background on this need. 

Software practitioners need to consider different types of programming concepts 
and coding strategies during the development. So, they need a lot of information 
during their work to perform the given task more effectively. Duala-Ekoko et al. [39] 
identified twenty different type of questions that software developers ask during the 
development process. The following are some of the questions that programmers have 
during their daily work. 

 Which elements of the API are of type X? 
 How do I create an object of type X without the public constructor? 
 Which type of interphase or class is more suitable for my task? 
 Which packages are more relevant for my task? 
 How do I determine the outcome of a method call? 
 

Regarding bugs/programming errors: Another information needs that we found from 
the existing literature is the need regarding bugs/programming errors. This sub-section 
explains the background on bugs/programming errors. 

Debugging is one of the most common activities that software practitioners 
perform in their work. The developers need to know the situations that caused the 
respective bugs and failures [3]. Even during the code submissions and reviews, there 
is a need for developers to check the code for mistakes by using different tools and 
techniques [3]. Lucas Layman et al. [40] state that there are some challenges 
associated with debugging like communication challenges, debugging process 
challenges, environmental changes, debugging tool training, etc., that makes 
debugging an information intensive activity. Ko et al. [3] state that the programmer’s 
information needs are mainly regarding the bugs, use of different tools like debuggers, 
searching for code, etc. To address these challenges practitioners, use different types of 
bug information namely log files, stack trace, test results, bug databases and etc. These 
issues in debugging create a need for information. 

 
Regarding different coding aspects: We found from the literature that developers 
search for information in order to perform specific coding tasks like code repair, 
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understanding the existing code etc. This sub-section explains the background on 
coding aspects. 

During the maintenance phase software practitioners need to understand the 
existing system thoroughly, before making any further changes to it. Anja Guzzi [38] 
state that software practitioners spend almost 60% of their effort in understanding the 
prewritten code. As a part of this process they also need information regarding some 
new software tools [38]. Jim Buckley et al. [41] state that “experienced programmers 
typically perform searches to repair code, reuse code, understand systems, add features 
and assess the impact of change” [41]. 

Andrew Sutherland et al. [42] state that understanding design, code changes and 
maintenance activities are the day-to-day information needs of software developers. 

  
Regarding different API’s in solving programming tasks: Software practitioners make 
use of many application programming interfaces (API’s). Information on these API’s 
is needed to carry out the developmental activities. This sub-section explains the 
information need for API. 

The application programming interfaces (API’s) and frameworks are widely used 
in the software development. Daquing Hou et al [43] state that “API’s are becoming 
indispensable in modern software development, it is well known that they can be hard 
to learn and use”. Also, Rupakheti et al. [6] state that software libraries, frameworks 
and API’s are becoming more complex due to the latest advancements and added 
features. So, there is a need to choose alternative ways of using API’s efficiently by 
structuring the code accordingly. This makes the programmers face various problems 
in selecting and using the API’s for addressing their programming tasks. Daquing Hou 
et al. [43] state that, the following information is needed for the practitioners when 
using an API. 

 Clarifying on the use of API. 
 Knowing the unfamiliar API’s. 
 Knowing the semantics of API variables. 
 Knowing the parameter values and environmental settings of an API.  

 
Regarding software design and architecture: The software design and architecture are 
complex and requires a lot of information for understanding them. This sub-section 
presents the background on information need for design and architecture. 

The software design to code conversion involves much effort. Duala-Ekoko et al. 
[39] state that understanding the reasons behind the design decisions is one of the most 
difficult information needs. The most difficult of them are during the implementation 
of design, finding root causes for the failures and solving the design flaws [39]. Ko et 
al. [3] state that developers need 4 types of design information. They are: 

 The purpose of the code. 
 The task that the code needs to perform. 
 The reason behind the code implementation. 
 The effect on existing code in case of design change.  

 
Regarding project statistics (project information): Project information constitute the 
information regarding the requirements, selection of tools and technology, etc. This 
information is needed during the entire development process. This sub-section presents 
the background on the need for project statistics. 

Nicole Haenni et al. [44] made a qualitative analysis of developer information 
needs during the software development process. Practitioners need to make many 
selections and choices during their work. These needs include:  

 Selection of code. 
 Knowing the popularity of the project. 
 Knowing the pros and cons of a framework/library/class. 
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 Knowing the time associated with understanding the code. 
 Checking whether the code works or not. 
 Tracking and knowing the current status of the project.  

 
Regarding new tools and technology: software development process makes use of 
different tools and technology to carry out various tasks. Selection and implementation 
of appropriate tools are essential and require information during the development 
process. This sub-section presents the background on the need for information on 
different tools and technology.     

Jedlitschka [45] proposed a model for software manager’s information needs and 
evaluated its effectiveness. This model basically aims at improving the delivery of 
relevant information regarding technology transfer for software managers. Managers 
mostly need the information regarding the cost, quality and time constraints. Managers 
carry out the risk analysis, depending on the information regarding these factors. This 
information includes:  

 
 Ability to judge technology’s appropriateness. 
 Ability to judge whether the technology has an impact. 
 Ability to convince management. 
 Considering the technology as a candidate [45]. 

 
Regarding specific tasks like integration: software development involves specific tasks 
like integration, prioritizing the requirements etc. which requires information all the 
time. This sub-section presents the background on the need for information 
regarding specific tasks of the development process.  

Shaun et al. [13] identified the information needs of release planning managers. 
Integration will be done iteratively during the release planning and decision making is 
done all the time during this period. So, the release managers while taking integration 
decisions, need the information regarding: 
 Code churns: the lines of code that are modified and yet to be integrated. 
 Conflicting changes: incompatible code modifications. 
 Bugs: information on different bugs and count of bugs. 
 System architecture and dependencies: design and its influence on the outcome of 

integration. 
 Branch organization and code flow: the amount of time, effort spent in merging, 

building and testing the integration.  
 

Summary of information needs: a brief view of the information needs identified form 
the literature was summarized in Table 4.1.3. 

 
Table 4.1.3 Information needs proposed in the literature. 

Information needs Source (article) of information 
Regarding the coding aspects  [5] 
Regarding design and architecture  [40] 
Related to selection process and project 
statistics  

[13] [27] 

Regarding new tools and technologies  [41] [38] 
Regarding bugs/ error messages  [40] 
Regarding various API’s in solving 
programming tasks  

[29] 

Regarding specific tasks like integration [19] 
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From the literature review, we identified some of the information needs of the 
software practitioners. We observed that the information regarding coding aspects, 
product design and architecture and information regarding project statistics were the 
most frequently mentioned information needs. Table 4.1.3 presents the summary of 
identified information needs and the respective scientific article in which the 
information need was found.  

4.1.4 Information sources 
In order to address the information needs, software practitioners make use of 

different communication channels like email, instant messages, and informal 
conversations to get the required information. Also, due to the advancements in the 
virtual communications many organizations make use of professional communication 
channels (PVC’s) to seek, collect and share information among the practitioners. 
Another benefit of using the PVC’s is, it helps in creating a new knowledge and 
innovation pool for achieving the business goals and objectives by providing good 
communication channels [46]. Using these channels, the practitioners find and use 
different information sources to address the encountered information needs. Nicole 
Haenni et al. [44] state that most of the software practitioners make use of information 
channels like: 

 Following mailing lists. 
 Following social media. 
 Following google analytics, 
 Using RSS feed notification, 
 Referring to similar projects or frameworks. 
 Informal communications. 

Now in the following section, we present some of the information sources used by 
the software practitioners. 

 
Web resources:  

Software development is an activity that requires great effort and understanding of 
capabilities, dependencies and behavior of the system to be developed [3]. 
Understanding the development activities is a real big task. So, the programmers make 
use of some web resources as information sources to increase their knowledge to fulfil 
various tasks in the programming environment. These web resources connect the 
practitioners to various types of information like the API’s information, bug reports, 
tutorials, various articles, online programming discussions, and etc. [48].  Bacchelli et 
al. [49] state that, for the information regarding programming issues, the online 
question and answer websites like stack overflow provide answers for 92% of the 
questions in a median time of eleven minutes on various topics.  

Li et al. [14] presents some of the online resources, for open source projects 
namely sourceforge.net, GitHub, online technical documentations like MSDN, Java 
tutorials, and some technical blogs like codeproject.com, iteye.com etc., that provide 
the online information instantly for software development.            

Rodriguez et al. [50] on the other hand made an attempt to identify the currently 
available repositories and analyzed the common problems that users and researchers 
faced while using them, when handling different software projects. Some of the 
repositories that were mentioned in this study were http://flossmole.org/, 
http://sourcerer.ics.uci.edu/, http://www.isbsg.org/, http://zerlot.cse.nd.edu/. The author 
state that the repositories have some problems like replication and inconsistencies [50]. 

 
Books, workshops and scientific articles: 

There is a great amount of information in the form of various books to assist the 
practitioners during the software development. Also, Jedlitschka et al. [45] state that 
the decision makers in the industry make use of information sources like textbooks, 
industrial workshops, the internet and scientific journal articles to assess the benefits 

http://flossmole.org/
http://sourcerer.ics.uci.edu/
http://www.isbsg.org/
http://zerlot.cse.nd.edu/
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and risks of software development techniques and methods in case of technology 
transfer from research to industry.  

On the other hand, there is a great deal of research and scientific articles available 
for software practitioners. The researchers till date, are trying to help the software 
practitioners by proposing some new practices, techniques and tools to assist the 
software practitioners in their day-to-day lives. Also some of the research articles 
proposed solutions to the problems that software practitioners are facing.  

Dyba et al. [16] presented an approach called evidence based software engineering 
(EBSE) for software process improvement. This approach can assist the practitioners 
in decision making pertaining to new technology adoption. The approach contains a 
series of steps for evaluating the performance and improving the decision making 
process of the software practitioners.  

 
Source code and Documentation: 

Jim Buckley et al. [41] state that source code and system documentation are the 
two majorly used information sources used by the programmers. This study also 
presents the fact that there are 11 different information types available from the source 
code. They are: 

 Functional: information about the goals and sub-goals of a program. 
Information regarding the purpose and outcome of a program.  

 Action: information of goals with a description in between function 
and operational. 

 Operations: information regarding the actions that take place within a 
less number of lines of code. 

 State-high: information regarding the sequence of execution of code at 
a higher level.  

 State-low: information regarding the sequence of execution of code at 
a lower level. 

 Control flow: information regarding the sequence of events or the 
direction of control occurring in the program.  

 Data flow: information regarding the data transformations, data 
structures and their dependencies during the execution.  

 Elaborate: extra information regarding the processes, events and data 
objects of a program.  

 Meta: information regarding the reasoning process of various 
programming statements. 

 Unclear: information regarding statements that cannot be coded 
because of their ambiguous meaning. 

 Incomplete: information regarding the statements that cannot be coded 
because they are incomplete [41].  

Viana Davi et al. [1] investigated the sources from which novice software 
engineers learn to accomplish their jobs more efficiently. The author made a 
qualitative study from practitioner’s point of view. The author states that the novice 
practitioners learn from several information sources, some of them include training 
material, source code, documentation, etc.  

 
Logs: 

One of the most used information sources of the practitioners is logs [15]. Logs are 
generated by the output statements that are written by the practitioners. Recording and 
collecting these logs can help the practitioners in maintaining large software projects. 
Shang et al. [15] also state the existence of some of the log management applications 
like Splunk, XpoLog, Logstash and etc., to store, query and analyze the desired log. 
Log maintenance is one of the main tasks of the developers and developers, often get 
support from the existing logs, for understanding the high level behavior of the system. 
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So, Shang et al. [15] present an approach to resolve the inquiries that practitioners 
make about different logs in order to understand them. The author also classified the 
types of information that practitioners need in their work into five categories, they 
need: meaning, context, cause, impact and solution of a particular component.   

 
Knowledge transfer and consulting experts: 

Many companies have novice and newly recruited software practitioners. These 
novice practitioners need to acquire some knowledge to perform their work. In such 
cases, a knowledge transfer between the novice practitioner and senior or experts make 
the knowledge acquisition more quick and easy. Also, Viana Davi et al. [1] state that 
novice practitioners mostly prefer informal meetings, besides using other sources like 
web, intranet, training material and etc. Also, most detailed knowledge is shared 
among the practitioners through face to face conversations and also through observing 
the fellow workers. The article also states that, some of the information sources like 
web and books are not used as the days passes and also state that, there are some 
drawbacks of knowledge transfer and consulting experts. Some of the experts or 
seniors might feel reluctant to share the information. Also, there is a possibility that 
experts might leave the organization. So, considering all the above mentioned factors 
the author concludes that knowledge transfer among the practitioners happens less 
frequently. Viana Davi et al. [1] claim that knowledge transfer occurs less frequently 
and most of the practitioners learn from observation and also from informal meetings.     

 
Knowledge Management systems (KMS): 

“KMS is a kind of technological infrastructure that allows an effective usage of 
knowledge within an organization” [21]. Basically during the software engineering 
activities practitioners consume a lot of knowledge. Often many organizations have the 
problem of knowledge constraints like what is knowledge, where it is and who owns it. 
So, KMS is the process of creating, sharing, and distributing company’s knowledge 
[21]. Knowledge management mainly deals with the transmission of knowledge to 
promote organizational learning. Similar to maintaining log systems, it is another 
approach for providing information to the software practitioners within the 
organization. So, KMS is not confined to one particular area. 

 
 KMS also makes use of the internet, group support systems, search engines, 

portals, data and knowledge warehouses along with the application of statistical 
analysis and Artificial Intelligence (AI) techniques [18]. 

 Also, with emerging new technology, KMS can act as risk mitigation and 
prevention strategies [18].  

 Aurum et al. [23] state that the most commonly used KMS include personal 
networks, informal networks, group wear and third party knowledge. 
An example for one of the KMS tools is Knowledge dust collector [18]. This tool 

provides peer-to-peer knowledge sharing, based on the knowledge that various 
software practitioners exchange daily.  

 
Tool automation- software analytics to addresses information needs:  

“Software analytics help the practitioners in decision making throughout the 
software development process” [51]. Practitioners need a lot of information start from 
the prototyping to technology transfer. The author suggests that instead of building 
prediction models software researchers must focus on software analytics to establish 
reasons and casual relationships that can be mapped to business rules to improve 
decision making, reduce cost and increase business agility [51].  

 
 Misirli et al. [51] proposed a tool namely ‘Dione’ that provides the support for 

developers to answer ‘how?’ questions. This tool can help the practitioners in 
reducing the time spent in collecting data, interpreting and using the outputs of the 
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prediction models. It is an all-in-one tool that can collect, analyze, calibrate and 
communicate data for addressing information needs.   

 Zarate et al. [12] developed a tool that supports practitioners in studying new 
products. The proposed tool can store the previously encountered problems and 
their solutions. So using the tool can help the practitioners in getting the solution 
for a problem just by crosschecking the current problems with existing ones, to see 
if the problems had already occurred. One of the benefits of the tool is it can be 
distributed and can be used by practitioners from various backgrounds, to increase 
the assistance to the practitioners. 

 Examples of some other supporting tools for addressing information needs are 
PROM, Hackystat, Microsoft’s team foundation server, IBM’s Jazz environment, 
ohloh.net and etc., to keep the software practitioners up-to-date with the 
development events [37].  

 On the other hand, Zarate et al. [12] claim that, these tools, methodologies and 
systems which are used in the organization have a very insufficient and have a low 
success rate. Moreover, Buse et al. [37] claim that though there are many tools 
available, these are not potential enough, to address the decision making process. 
 

Summary of information sources: 
From the literature review the information sources were identified from the 

existing literature were presented in Table 4.1.4. 
 

Table 4.1.4 Information sources identified form the literature. 
Information source Source (article) of the 

information  
Source code and documentation [22] [28]. [22][28] 
Knowledge transfer & consulting experts [31]. [31] 
Web resources [3]. [3] 
Books workshops and scientific articles [28]. [28] 
Knowledge management systems (KMS) [36] [15]. [36][15] 
Logs [33]. [33] 

 
From the literature review, we observed that source code and documentation, 

knowledge transfer, consulting experts and web resources are the most frequently 
mentioned information sources. Some of the literature also mentioned that software 
practitioners make use of books, scientific articles, KMS, and logs as the information 
sources. Table 4.1.4 presents the summary of identified information sources and the 
respective scientific articles in which the information sources were found.  

 
Use of academic literature by the software practitioners: 

In this sub-section, we describe the usage of research articles based on the results 
obtained from the literature review. From the literature review, we observed that there 
exists a significant gap between the researchers and the practitioners in the field of 
software engineering. A brief description of this gap from the existing literature is 
presented below. 

Finn olav et al. [58] made an attempt to identify the adequacy of empirical studies 
in the field of knowledge management in software engineering by performing a 
systematic review to know the abundance of literature to address practitioners’ 
information needs. The author concludes that most of the studies are related to 
technocratic and behavioral aspects of knowledge management with a little overlap 
among the studies and is not sufficient to address the practitioner needs. 

As there is an abundant literature, Szajna [53] made an investigation to see how 
much of the proposed models, techniques and tools from the research in the field of 
information research were answering the practitioner’s primary concerns. The author 
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state that “While software development has remained important to practitioners, 
researchers have been working less often in this area” [53]. The study also shows that, 
although there is abundant research that can be found in the field of end user 
computing, data management, and software development, there were some areas that 
have received very less attention such as integration of systems, organizational 
learning and informational architecture in the field of information technology. 

Feather et al. [11] presented a mapping study of software practitioner needs and 
researcher activities. The author states that it is important to know the needs of 
practitioners. If the needs are not identified, it leads to unfulfilled needs, unnecessary 
and unused research. It also leads to unnecessary replication of effort among the 
practitioners and researchers those who share similar needs and objectives. So, from 
our literature review, we identified the presence of a gap between the practitioners and 
the research community. 

4.2 Implications of literature review 
 
From the above discussion, there is abundant research which was done to know the 

information needs and sources of different software practitioners. The research has 
provided a list of information needs and information sources of different practitioners. 
But, it did not specify whether the information sources are properly answering the 
software practitioner’s questions. This can result in providing some guidelines and 
recommendations for maintaining information sources, to make them more useful for 
the software practitioners. This aspect could also save the time and increase the 
efficiency of searching for the information. 

Also, form the literature it is evident that, the information needs and sources vary 
from practitioner to practitioner. The literature focused mainly on the information 
needs and sources of the developer community and to the best of our knowledge, very 
limited literature exists on the needs and sources of the non-developer community.  

Another dimension could be the characteristics of the information sources that 
software practitioners consider, while looking for information. This dimension could 
reveal the practitioner’s perception on available information sources and can output the 
most informative and useful sources. Also, while performing the literature review, we 
observed that there is abundant literature in the field of knowledge management than 
addressing information needs and sources in the field of software engineering.             

4.3 Summary 
 
From the literature, we observed that, there is abundant research done to assist the 

software practitioners in their professional lives. Some of the investigations studied the 
problems that developers face in their work. Moreover, the literature proposed many 
tools to assist the practitioners in retrieving the information. In spite of the existence of 
many tools and the information sources, the literature states that the practitioners are 
facing many information needs. So, from the literature, to the best of our knowledge, 
we identified seven information needs and six information sources. Among the 
identified needs, information regarding the code, regarding software design and 
architecture and information about the selection process and project statistics are the 
most frequently mentioned information needs. Among the sources, source code and 
documentation, knowledge transfer, consulting experts and web resources are the more 
frequently mentioned information sources. Apart from identifying the information 
sources and needs, the literature also states that there exists a gap between the 
practitioner and the research community. 
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5 RESULTS FROM SURVEY 
 
We divided the results chapter into two parts. Primarily the first section presents 

the demographics and general information of the sample population involved while 
conducting the survey (interviews and online questionnaire). The second half depicts 
the results obtained from our survey (interviews and the online questionnaire). Section 
5.1 presents the sample description, section 5.2 presents the results, section 5.3 
presents the mapping of information sources with information needs and section 5.4 
presents the use of academic literature by software practitioners. 

5.1 Sample description 
In this section we present the sample description of the population involved while 

performing the two data collection methods namely semi-structured interviews and the 
online questionnaire. 

5.1.1 Sample description of Interviews 
We conducted semi-structured interviews with 17 software practitioners. The 

average length of the interviews was about thirty minutes. Some of the interviews were 
face to face and some were done over Skype. Prior to conducting each interview, the 
agenda of the interview was described briefly to each interviewee and complete 
confidentiality of the provided data was ensured. The interviewees are working in 
various domains, across different organizations. The interviewees were asked various 
questions based on the interview protocol (interview protocol was presented in the 
Appendix-D) and some spontaneous questions based on the answers given by the 
interviewees. The demographics of each interviewee (the description of the sample) is 
presented below: 

 
 Practitioner (p1), is a CTO of a startup from Karlskrona, Sweden, working in the 

mobile application development domain in a team of 6 members. The total 
experience of p1 is 8 years. The qualification of p1 is BSC computers from 
china. This interview was conducted face to face on 11th march 2016 at 14:00 
GMT+2. The nationality of the participant is Chinese. 

 
 Practitioner (p2), is a QA engineer from Hyderabad, India, working in the 

insurance domain in a team of 8 members. The total experience of p2 is nearly 4 
years. The qualification of p2 is Bachelors from India. This interview was 
conducted via Skype on 15th march 2016 at 16:40 GMT+2. The nationality of 
the participant is Indian. 

 
 Practitioner p3, is a QA manager from Pune, India, working in the supply chain 

domain in a team of 10 members. The total experience of p3 is nearly 12 years. 
The qualification of p3 is Masters from India. This interview was conducted via 
Skype on 13th march 2016 at 11:30 GMT+2. The nationality of the participant is 
Indian. 

 
 Practitioner (p4), is a system developer from Karlskrona, Sweden, working in 

the telecommunication domain in a team of 3 members. The total experience of 
p4 is nearly 9.5 years. The qualification of p4 is Masters from Sweden. This 
interview was conducted face to face on 04th march 2016 at 16:00 GMT+2. The 
nationality of the participant is Pakistani. 
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 Practitioner (p5), is a developer from New York, USA, working in the web 
technology domain in a team of 20 members. The total experience of p5 is 
nearly 6 years. The qualification of p5 is Bachelors from Sweden. This interview 
was conducted via Skype on 13th march 2016 at 10:21 GMT+2. The nationality 
of the participant is Indian. 

 
 Practitioner (p6), is a software tester from Karlskrona, Sweden, working in the 

telecommunication domain in a team of 3 to 5 members. The total experience of 
p6 is nearly 6 years. The qualification of p6 is Ph.D. from Sweden. This 
interview was conducted face to face on 04th march 2016 at 15:00 GMT+2. The 
nationality of the participant is Pakistani. 

 
 Practitioner (p7), is a product owner from Hyderabad, India, working in the 

telecommunication domain in a team of 7 members. The total experience of p7 
is nearly 12 years. The qualification of p7 is Bachelors from India. This 
interview was conducted via Skype on 13th march 2016 at 17:00 GMT+2. The 
nationality of the participant is Indian.  

 
 Practitioner (p8), is a lead engineer from Bangalore, India, working in the health 

domain in a team of more than 400 members. The total experience of p8 is 
nearly 13 years. The qualification of p8 is MSc. Computers from India. This 
interview was conducted via Skype on 17th march 2016 at 18:08 GMT+2. The 
nationality of the participant is Indian. 

 
 Practitioner (p9), is a system engineer from Hyderabad, India, working in the 

banking domain in a team of more than 11-17 members. The total experience of 
p9 is nearly 4 years. The qualification of p9 is Bachelors from India. This 
interview was conducted via Skype on 14th march 2016 at 15:14 GMT+2. The 
nationality of the participant is Indian. 

 
 Practitioner (p10), is a senior software developer from Hyderabad, India, 

working in the construction domain in a team of 60 members. The total 
experience of p10 is nearly 8 years. The qualification of p9 is Bachelors from 
India. This interview was conducted via Skype on 16th march 2016 at 18:00 
GMT+2. The nationality of the participant is Indian. 

 
 Practitioner (p11), is a software developer from Karlskrona, Sweden, working in 

the backend domain in a team of 6 members. The total experience of p11 is 
nearly 2 years. The qualification of p11 is masters from Sweden. This interview 
was conducted face to face on 14th march 2016 at 13:30 GMT+2. The nationality 
of the participant is Swede. 

 
 Practitioner (p12), is a designer from Hyderabad, India, working in the 

telecommunication domain in a team of 20 members. The total experience of 
p12 is nearly 2 years. The qualification of p12 is Bachelors from India. This 
interview was conducted via Skype on 4th march 2016 at 15:00 GMT+2. The 
nationality of the participant is Indian. 

 
 Practitioner (p13), is a Hadoop admin from Hyderabad, India, working in the 

telecommunication domain in a team of 20 members. The total experience of 
p12 is nearly 2 years. The qualification of p12 is Bachelors from India. This 
interview was conducted via Skype on 4th march 2016 at 15:00 GMT+2. The 
nationality of the participant is Indian. 
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 Practitioner (p14), is a system consultant from Boden Kommun, Sweden, 
working in the server administration domain in a team of 12 members. The total 
experience of p14 is nearly 10 years. The qualification of p14 is Masters from 
Sweden. This interview was conducted via Skype on 14th march 2016 at 16:55 
GMT+2. The nationality of the participant is Pakistani. 
 

 Practitioner (p15), is IT service delivery manager from Stockholm, Sweden, 
working in the SAP domain in a team of 10 members. The total experience of 
p15 is nearly 15 years. The qualification of p15 is Bachelors from India. This 
interview was conducted via Skype on 13th march 2016 at 11:30 GMT+2. The 
nationality of the participant is Indian. 
 

 Practitioner (p16), is a DevOps engineer from Chennai, India, working in the 
web technology domain in a team of 6 members. The total experience of p16 is 
nearly 1 year. The qualification of p16 is Masters from Sweden. This interview 
was conducted via Skype on 3th April 2016 at 14:00 GMT+2. The nationality of 
the participant is Indian. 
 

 Practitioner (p17), is a team lead from Hyderabad, India, working in the health 
care domain in a team of 12 members. The total experience of p17 is nearly 6.5 
years. The qualification of p17 is Bachelors from India. This interview was 
conducted via Skype on 6th April 2016 at 15:30 GMT+2. The nationality of the 
participant is Indian. 

5.1.2 Sample description for online questionnaire 
The online questionnaire was designed using the google forms survey tool because 

it is cost effective and allows unlimited responses. Also, this survey tool is more 
suitable for the current study in answering the research questions. The online 
questionnaire was sent to many software practitioners and is also posted on social 
networking sites like LinkedIn groups, Facebook groups and Twitter. 83 software 
practitioners, from different companies and countries, participated in our 
questionnaire. After verifying all the responses, we then proceeded with the further 
investigation.          

Now, in this section we present the demographic information of the respondents 
who participated in the online questionnaire. There are 24 questions in the online 
questionnaire. First 13 of them are demographic questions and remaining are related to 
the study. The questionnaire was kept live for a period of 3 weeks from 8th April 2016 
to 28th April 2016. The description along with a brief view (screenshot) of the 
questionnaire was presented in the Appendix-D. 

 
Role/Position:  

The questionnaire collected the information regarding the job role/position of the 
respondent. Figure 5.1.2a illustrates the roles of different participants. Results show 
that a variety of participants performing 19 different roles participated in answering 
our questionnaire. The results show that:  

 Non-managerial roles: the roles constitute about 72.2% of the results. These 
roles include developers, testers, analysts and designers.   

 Managerial roles: the roles constitute about 12% of the results. These roles 
include the manager, product owner.  

 Others: the other roles constitute 15.7% of the results. These roles include QA 
architect, SME, integration consultant, DevOps engineer, system consultant, 
CEO, Assistant wise president, senior architect. 
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Figure 5.1.2a Roles of the respondents. 

 
Location of employment:  

The questionnaire also collected the information regarding the location of 
employment of the respondents. Participants working from 14 different countries had 
answered the online questionnaire. The results are illustrated in Table 5.1.2. 

 
Table 5.1.2 Percentage of respondents from different countries. 

Country No of respondents Percentage of respondents 
India  39 47% 
Pakistan  13 15.7% 
Sweden  10 12% 
Brazil  7 8.4% 
US  4 4.8% 
Japan  2 2.4% 
UAE  1 1.2% 
Singapore  1 1.2% 
UK  1 1.2% 
Algeria  1 1.2% 
Albania  1 1.2% 
Canada  1 1.2% 
Iran  1 1.2% 
New Zealand  1 1.2% 

 
As shown in Table5.1.2, most of the respondents were from India and Pakistan. 

There were 10 respondents from Sweden and 7 respondents from Brazil. There were 
14 respondents from other countries. 
 
Total experience of the respondent:   

The questionnaire also collected the information regarding the total working 
experience of the respondents. 19.3% (16) of respondents have less than 1 year of 
experience. 25.3% (21) of the respondents have a total experience of 1 to 3 years, 
14.5% (12) of respondents have 3 to 5 years of experience, 21.7% (18) have 5 to 10 
years of experience and 19.3% (16) respondents have more than 10 years of 
experience. The numbers in the brackets indicate the frequency of response. These 
details were illustrated in Figure 5.1.2b. 
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Figure 5.1.2b Total experience of the respondents. 

 
Size of the organization: 

The questionnaire also collected the information regarding the size of the 
organization. The results show that 53% (44) of the participants work in an 
organization of size more than 501 of employees, 10.8% (9) work in an organization of 
size 1 to 10 employees, 8.4% (7) work in an organization of size 201 to 500 
employees, 8.4% (7) work in an organization of size 21 to 50 employees, 7.2% (6) 
work in an organization of size 101 to 200 employees, 7.2% (6) work in an 
organization of size 11 to 20 employees and 4.8% (4) work in an organization of size 
51 to 100 employees. The numbers in the brackets indicate the frequency of response. 

 
Product domain: 

The questionnaire also collected the information regarding the working product 
domain of the respondents. In case of product domains, the results show that 25.3% 
(21) of the respondents work in mobile application development domain, 19.3% (16) 
work in telecommunication domain, 18.1% (15) in banking, 16.9% (14) in education, 
13.3% (11) in finance, 9.6% (8) in health, 8.4% (7) in transportation, 6.0% (5) in auto 
mobile and 38.6% (32) respondents work in other domains. The others constitute, 
architecture, online exam process, construction, designing services, distribution and 
supply chain, engineering services, infrastructure support, marketing, middleware, 
business intelligence, web application, power, retail, public sector, and cloud. The 
numbers in the brackets indicate the frequency of response.       

 
Participation in writing research article:  

The questionnaire also collected the information regarding the participation of 
respondents in writing a research article. The results show that 65.1% (54) of the 
respondents had never participated in writing a research article. 34.9% (29) of the 
respondents participated in writing a research article. Figure 5.1.2c illustrate the 
results. The numbers in the brackets indicate the frequency of response. 

 
Co-ordination with researchers: 

The questionnaire also collected the information regarding the respondent’s 
coordination with the researchers. The results show that, 51.8% (43) of the respondents 
coordinated with researchers for a project or study. 48.2% (40) of the respondents had 
never coordinated with researchers for any project or study. Figure 5.1.2c illustrate the 
results. The numbers in the brackets indicate the frequency of response. 
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Figure 5.1.2c Co-ordination with researchers and participation in writing research articles. 

 
Nationality: 

The questionnaire also collected the information regarding the respondent’s 
nationality. The results show that 62.7% (52) of the respondents are from India. 19.3% 
(16) of the respondents are from Pakistan. 8.4% (7) of the respondents are from Brazil, 
2.4% (2) from china. 1.2% (1) from Iran, 1.2% (1) from New Zealand, 1.2% (1) 
Portugal, 1.2% (1) Algeria, 1.2% (1) Armenia, 1.2% (1) Canada. The numbers in the 
brackets indicate the frequency of response. 

 
Qualification of the respondents: 

The final demographic question is regarding the qualification of the respondent. 
The questionnaire also collected the information regarding the qualification of the 
respondents. The results show that 66.3% (55) of the respondents have a bachelor’s 
degree. 30.1% (25) have master degree. 1.2% (1) have M. Phil. Licentiate and 1.2% 
(1) have Ph.D. Also, the questionnaire had one respondent with an unspecified degree 
(others). These details are presented in Figure 5.1.2d. The numbers in the brackets 
indicate the frequency of response. 

 

 
Figure 5.1.2d Degree of the respondents. 

 
All the remaining questions of the online questionnaire are regarding the frequency 

of occurrence of information needs, the frequency of use of information sources and 
the importance of the aspects of information sources. The results of these questions 
were discussed in section 5.2 of this chapter. 
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5.2 Results 
This section presents the results obtained from the semi-structured interviews and 

online questionnaire addressing the research questions. 
 

5.2.1 Information needs  
In this section, we answered RQ1 and RQ1.1 by identifying information needs 

along with their frequency of occurrence.  
 

Interviews: 
We answered the RQ1 from the interviews, based on the responses from the 

software practitioners during the interviews. The results show nine categories of 
information needs that were mentioned during the interviews. The information needs 
as well as the percentage of practitioners facing the needs is presented in Table 5.2.1a. 

 
Table 5.2.1a Information needs from the interviews. 

Information need Frequency Percentage 
To learn specific software tools. 15 88.2% 
To improve skills in a programming language. 15 88.2% 
To understand and resolve errors/bugs. 13 76.4% 
To clarify the requirements. 12 70.6% 
About product domain. 12 70.6% 
To learn how to code a specific task. 8 47% 
About product design and architecture. 6 35.2% 
To learn software engineering techniques and practices. 5 29.4% 
To learn how to test a specific task. 4 24% 

 
From the interviews we observed a variety of needs faced by the software 

practitioners as mentioned in Table 5.2.1a. During the interviews, one of the most 
mentioned information needs is regarding various software tools. One of the software 
practitioners mentioned in the interview that, “As a developer, I was in a situation of 
decision making regarding the tools to use, which method to use and which method to 
implement” –p3, India. 

Second majorly mentioned information need is regarding the programming 
languages. One of the interviewee mentioned that, “Before entering into the industry, I 
don’t know what is AngularJS and Python. So, I need to like improve my 
programming skills.” -p16, India.  

Other majorly mentioned information needs is regarding bugs. One of the 
interviewee mentioned that, “during the maintenance phase, we need a lot of 
information for bug fixing and performance related defects.”- p6, Sweden. 

Another major information needs faced by the practitioner is regarding 
requirements. One of the interviewees mentioned that, “Information regarding the 
requirements is not that easy to grasp, as these comes from business.” -p3, India. 

 
Online Questionnaire: 

We asked the respondents to rate the frequency of occurrence of the identified 
information needs on a scale of 1 to 5 with 1 as Always, 2 as very often, 3 as 
sometimes, 4 as rarely and 5 as never. The responses thus obtained were analyzed 
based on the frequency of each information need. The results thus obtained are 
presented in Table 5.2.1b. 
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Table 5.2.1b Frequency of information needs. 
S.no. Information need (IN) Always Very 

often 
Sometimes Rarely Never 

IN1 To clarify the requirements 34 30 16 2 1 
IN2 About product design and 

architecture 
25 34 17 6 1 

IN3 About product domain 25 23 27 7 1 
IN4 To learn how to code a specific 

task. 
17 21 22 21 2 

IN5 To learn how to test a specific 
task. 

15 23 28 14 3 

IN6 To understand and resolve bugs/ 
errors 

21 26 24 11 1 

IN7 To improve skills in a 
programming language 

21 29 19 11 3 

IN8 To learn software tools 23 22 25 12 1 
IN9 To learn software engineering 

techniques and practices. 
19 23 27 11 3 

 
Based on the results obtained from the online questionnaire as shown in Table 

5.2.1b, the majority of the responses that standout from the others were discussed 
below. The below numbers indicate the highest value obtained for the respective 
information need. We observed that, out of 83 respondents: 
 To clarify the requirements (IN1): 34 respondents said that they are facing this 

need always.     
 About product design and architecture (IN2): 34 respondents said that they are 

facing this need very often. 
 About product domain (IN3): 27 respondents said that they are facing this need 

sometimes. 
 To learn how to code a specific task (IN4): 22 respondents said that they are 

facing this need sometimes. 
 To learn how to test a specific task (IN5):  28 respondents said that they are 

facing this need sometimes. 
 To understand and resolve bugs/ errors (IN6): 26 respondents said that they are 

facing this need very often. 
 To improve skills in a programming language (IN7): 29 respondents said that 

they are facing this need very often. 
 To learn specific software tools (IN8): 25 respondents said that they are facing 

this need sometimes. 
 To learn software engineering techniques and practices (IN9): 27 respondents 

said that they are facing this need sometimes. 
 

From the above data, we found that clarifying the requirements, information on 
product design and architecture and improving skills in a programming language are 
the most frequency faced information needs as shown in the bar graph Figure 5.2.1. A 
further analysis of the information needs with respect to the demographics is available 
in chapter six. The acronyms for IN1 to IN9, in Figure 5.2.1, were presented in Table 
5.2.1b. 
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Figure 5.2.1 Frequency of information needs using a bar graph. 

5.2.2 Information sources 
In this sub-section, we answered RQ2 by identifying the information sources along 

with their aspects. 
 

Interviews: 
From the interview, we answered the RQ2 by collecting some of the information 

sources used by the software practitioners. The results show thirteen categories of 
information sources that were mentioned during the interviews. The information 
sources as well as the frequency of use of the sources are presented in Table 5.2.2a. 

 
Table 5.2.2a Frequency and percentage of use of information sources. 

Information source Frequency Percentage of use. 
Discussions with colleagues. 17 100% 

Product websites. 16 94.1% 
Blogs and community forums 16 94.1% 
Product documentation. 15 88.2% 
Professional training, conferences and workshops. 13 76.4% 
Information from client and partner companies. 13 76.4% 
Online tutorials. 10 58.8% 
Source code repositories. 9 52.9% 
Online courses. 8 47% 
IT magazines. 7 41.1% 
Research articles. 6 35.2% 
Books. 4 23.5% 
Social networking sites and groups. 2 11.7% 

 
From the interviews we identified some of the information sources used by the 

software practitioners. As presented in Table 5.2.2a, discussion with colleagues, 
product websites, product documentation, and blogs and community forums are the 
most frequently mentioned information sources. One of the interviewees even 
mentioned that “I discuss with senior people, to get to know the problems and 
solutions.”-p2, India.  

The second most frequently mentioned information source is the product website. 
One of the interviewees even mentioned that “For Scala, we have a website 
www.scala-lang.org, in which we can find some help and some discerptions of 
methods” -p4, Sweden. 

Other frequently mentioned information source is the product documentation. One 
of the interviewees mentioned that “when it comes to tools, testing and test case 
generation, we mainly depend on documentation”-p3, India.  
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Another frequently mentioned information source is blogs and community forums. 
One of the developers mentioned that “I personally prefer stack overflow forum 
because it is mainly used by a lot of developers and they also rank the answers.” -p4, 
Sweden.   

 
Online Questionnaire: 

Using online questionnaire, we asked the respondents to select the frequency of 
use of each information source (obtained from the literature and interviews) for the 
corresponding information needs. The frequency was given on a scale of 1 to 5 with 1 
as Always, 2 as very often, 3 as sometimes, 4 as rarely and 5 as never. We then 
calculated the mean values of the frequencies of each information source selected for 
each information need. Thus, the obtained results from the 83 respondents were 
presented in Table 5.2.2b. 

 
Table 5.2.2b Frequency of use of the information sources. 

S.no. Information source (IS) Always Very 
often 

Sometimes Rarely Never 

IS1. Blogs and community forums 27 26.5 18.1 8.3 6 
IS2. Product documentation. 23.8 31 14.2 10.2 3.6 
IS3. Product websites. 17.4 25 19 13.4 7.2 
IS4. Source code repositories. 16.8 23.6 20.4 16.4 5.8 
IS5. Discussions with colleagues. 24.2 29.6 20.9 6.6 1.8 

IS6. IT magazines. 10.7 15.8 13.7 18.7 22.4 
IS7. Professional training, 

conferences and workshops. 
13.3 23.7 21.7 13.8 10.4 

IS8. Research articles. 10.2 21.4 19 16.3 16 
IS9. Information from client and 

partner companies. 
17 23.2 19.9 12.7 10.2 

IS10. Books. 12.2 27.4 18 12.6 12.7 
IS11. Online courses. 17.8 18.8 21.1 14.1 11.2 
IS12. Online tutorials. 12.8 15.1 17.4 14 23.7 
IS13. Social networking sites and 

groups. 
23 23.3 18.9 7.7 10.1 

 
Based on the results obtained from the online questionnaire as shown in Table 

5.2.2b, the majority of the responses that standout from the others were discussed 
below. The below numbers in brackets, indicate the highest value obtained for the 
respective information source. We observed that, out of 83 respondents: 

 Product documentation (31), discussion with colleagues (29), blogs and 
community forums (27), product websites (27), books (27) are the relatively 
most frequently used information sources.  

 Source code repositories (23), professional training, conferences and workshops 
(23), information from client and partner companies (23), and online tutorials 
(23) are moderately used information sources.  

 Research articles (21), online courses (21) are less used information sources. 
 IT-magazines (27) and social networking sites (23) are the never used 

information sources. 
 

From the above data, we found that product documentation, discussion with 
colleagues and blogs and community forums are the most frequently used information 
sources as illustrated in the bar graph as shown in Figure 5.2.2. A further analysis of 
the information sources based on the demographics is presented in chapter six. The 
acronyms for IS1 to IS13, in Figure 5.2.2, were presented in Table 5.2.2b.  
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Figure 5.2.2 Frequency of use of information sources. 

5.2.3 Practitioners’ perception on information sources 
In this sub-section, we answered RQ2.1 by identifying the practitioner’s 

preference and also the practitioner’s perception on the information sources. 
 

Interviews: 
From the interviews, we identified some of the preferences of software 

practitioners for selecting information from the different information source. Some of 
them include community members of the website or forum, experience, domain 
dependency, usage of the source, ranking for answers, simplicity while providing the 
information, presentation of results and information. Herein, we present some of the 
experiences and perceptions of the practitioners while preferring certain information 
source in Table 5.2.3.  

 
Table 5.2.3 Preferences of software practitioners. 

Quote Preference 
“I prefer Stack overflow because of it has got excellent 
community members”- P3, India. 

Community members of the 
website or forum.  

“Sometime I prefer experts rather than google”- P4, Sweden. Experience 
“I personally prefer product websites because it provides the 
information related to IBM products” – P5, U.S.A. 

Domain dependency. 

“I prefer stack overflow because it is used by a lot of 
developers and they also rank the answers” – P11, Sweden. 

Usage of source, ranking for 
the answers. 

“I prefer the information source to be very simple” – P14, 
Sweden. 

The simplicity of source. 

“My preference would be to have a good result out of the 
source” – P15, Sweden. 

Based on the usefulness of 
information. 

 

5.2.4 Aspects of information sources 
In this sub-section, we answered RQ2.2 by identifying the aspects of the 

information sources that software practitioners consider while using them. 
 

Interviews: 
From the interviews, we collected some of the aspects, considered by the software 

practitioners while selecting an information source and presented them in Table 5.2.4, 
along with the percentage of people considering each aspect. These aspects include 
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accuracy/reliability, free and open access to information, the usability and 
acceptability/popularity of the information source. The number of practitioners 
considering the aspect in terms of frequency and percentage are also presented in 
Table 5.2.4.     

Through the interviews we also made an attempt to investigate how the 
practitioners measure such aspects like reliability, usability, accessibility and 
acceptability. The results show that, some of the practitioners mentioned that, there are 
no particular measures as such that they take while selecting the information. But some 
of the practitioners mentioned verifying, piloting and testing the solution as some of 
the measures that they take before implementing the solution. Some people are using 
continuous regression, and some other people mentioned the existence of some 
supervising teams to take care of such measures. 

 
Table 5.2.4 Aspects considered by the practitioners while preferring an information source. 

Aspect Frequency Percentage 
Accuracy/ reliability of information 14 82.4% 

Usability features of information source 13 76.5% 

Free and open access to the source 8 47.05% 
Acceptability/ popularity of the source. 5 29.4% 

 
Online Questionnaire: 

From the online questionnaire out of 83 respondents most of the respondents 
considered reliability/ accuracy of information as the extremely important factor while 
using an information source, followed by the usability of the information source. The 
popularity of the information source is the least important factor. The details of the 
responses are presented in Figure 5.2.4. A further analysis of the aspects based on the 
demographics is available in chapter six. 

 

 
Figure 5.2.4 Aspects considered while using information source. 

5.3 Mapping information sources with information 
needs 

In this sub-section we tried to map the most used information sources with the 
identified information needs based on the obtained results. Table 5.3 depicts that most 
of the information needs could be answered by consulting and discussing with 
colleagues. On the other hand, specific needs regarding product domain, product 
design and architecture, can be addressed by product documentation. All the other 
identified needs can be addressed by the use of blogs, books and community forums. A 
brief mapping between the information needs and sources is presented in Table 5.3. 
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 Table 5.3 Mapping information needs with information sources. 
Information need (IN) Information source (IS) 
To clarify the requirements  Discussion with colleagues and product 

documentation. 
About product design and architecture  Product documentation 
About product domain  Product documentation 
To code a specific task  Discussion with colleagues and Source code 

repositories  
To test a specific task  Discussion with colleagues  
To understand and resolve bugs/ errors. Discussion with colleagues  
To improve skills in programming language  Blogs and community forums  
To learn specific software tools  Blogs and community forums  
To learn software engineering practices and 
techniques. 

Books  

 

5.4 Use of academic literature by software 
practitioners 

In this section, we describe the usage of research articles based on the results 
obtained from the interviews and online questionnaire.  

 
Interviews: 
To identify the usage of academic literature, we conducted semi-structured 

interviews. From the interviews we identified that out of 17 interviewees, only 2 
participants mentioned referring to research articles and magazines from IEEE out of 
which one participant is having IEEE membership. We also identified that none of the 
interviewees participated in writing a research article. One of the developers 
mentioned that, they have a separate group of doctorates, who look into the research 
and scientific articles and guide them in their work. During our interviews, one of the 
developers even mentioned that “We in companies don’t like to share our secrets so we 
prefer patents rather than writing some research articles.”- P1, Sweden.  

 
Online questionnaire: 
Also, through the online questionnaire, we validated these results of interviews 

from a larger population. Even then we found some mixed opinions about the usage of 
research articles in the field of software engineering. Based on the results from the 
online questionnaire, we analyzed the usage of research articles for various 
information needs depending on the role, qualification, and experience of the 
respondents (the analysis is available in the chapter six). To the best of our knowledge, 
based on our analysis, we could not find any useful patterns about the usage of the 
research articles by various software practitioners. Moreover, from our online 
questionnaire, we found that, 65.1% (54) out of 83 respondents said that they never 
participated in writing the research articles and 48.2% (40) out of 83 respondents had 
never coordinated with academia on any project or study. All these results show that 
the use of research articles an information source by the software practitioners is quite 
less when compared to other sources of information.  
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6 ANALYSIS AND DISCUSSION 
In this chapter, we present the data analysis process used for our thesis. Section 6.1 

presents the data analysis for the interviews, section 6.2 presents the data analysis for 
the online questionnaire and section 6.3 presents the discussion of obtained results. 

6.1 Interview data analysis 
In this section, we explain the data analysis process implemented for the data 

obtained from the interviews. As mentioned in chapter three, we made use of grounded 
theory principles to analyze the data obtained from the interviews. Our study does not 
generate any theory by employing the grounded theory but instead, we used GT [33] 
principles to generate and identify various categories of information needs and 
information sources by analyzing the qualitative data collected through interviews.  

These categories were then validated from a large population using online 
questionnaire. Initially, semi-structured interviews with open-ended questions were 
conducted. The data from the open-ended questions is transcribed manually and the 
interview transcripts were analyzed using the coding process of GT [34] to generate 
some codes which resulted in identifying various categories of information needs and 
information sources. In coding process initially, we identified the key points from the 
interview transcripts. Then codes were assigned to each key point. This process was 
implemented line-by-line manually. The data analysis process for the interviews is 
illustrated in Figure 6.1. 

 

 
Figure 6.1 Data analysis process for interviews. 

 

6.1.1 Coding process 
To explain the coding process, a working example of generating one of the 

categories from the interview transcripts is presented below. For this purpose, an 
extract from one of the interview transcripts is depicted below. 
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An extract from one of the interviews: 

 
“During maintenance, for bug fixing, we don’t really use google as a source 

as we know already what we have to fix. But for performance related defects, we 
have to look at a lot of information. I extensively use testing tools in my work. 
So, when you are setting up the tool regarding test management, we use the 
blogs, tool documentation most of the time. I also feel that culture is having an 
effect on testing. In some cultures, the manager has an influence on testing.  

Stack overflow, google, product documentation or library information or 
user guide, colleagues, then I will post a question. I don’t have any knowledge 
repository in our organization, but we have a documentation, where we keep 
track of defects etc. Consulting colleagues are must. And I have seen that the 
teams that collaborate are more effective and have good quality. So, the 
collaborated teams use Garate or Stash, where someone is always reviewing the 
code. It’s a consultative process if we use it in a better way. I don’t use any 
books for the information. I have subscribed to java magazine. I haven’t 
collaborated with researchers to perform some industrial work or to solve some 
problem”. – P4, Sweden. 

 
  

Key point: information need and information sources in the testing environment. 
Code: bug fixing, performance related defects, setting up a tool, blogs, tool 
documentation, stack overflow, google, product documentation, library information or 
user guide, colleagues, defect tracking, java magazines. 

As presented in the box above, all the identified words or a group of words were 
underlined and were assigned codes for clear identification. The codes thus obtained 
are compared within and across each interview using the GT’s constant comparison 
method [34] to result in concrete concepts. The concept generation is presented in 
Figure 6.1.1. 

 
Bug fixing information. 
 
 
Problems with java compiler. 
 
 
Information on error messages. 
 
 
Information on performance related bugs. 
 
 

Figure 6.1.1 Generating concept from identified codes. 
 

These concepts were then refined using constant comparison method [34] 
iteratively to form a higher-level abstraction called category. This iteration was 
performed until theoretical saturation [34] was reached, i.e. until no new categories 
and sub-categories were identified. This process, on average took thirty minutes for 
coding an interview. Thus, we obtained nine categories of information need, thirteen 
categories of information sources and four major categories of aspects for using 
information sources. These resultant categories were presented in Table 6.1.1. 

 
 
 

Information need for 
understanding and resolving 

bugs. 
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Table 6.1.1 Categories emerged from the interview data analysis. 
Information needs Information sources Aspects 

 To clarify requirements 
 About product design 

and Architecture 
 About product domain 
 To learn how to code a 

specific task. 
 To learn how to test a 

specific task. 
 To understand and 

resolve bugs 
 To improve skills in a 

programming language. 
 To learn specific 

software tools.  
 To learn software 

engineering techniques 
and practices. 

 Blogs and community 
forums 

 Product documentation 
 Product websites 
 Source code repositories. 
 Discussions with 

colleagues. 
 IT magazines 
 Professional training 

conferences and 
workshops. 

 Research articles. 
 Information from client 

and partner companies. 
 Books. 
 Online courses 
 Social networking sites 
 Online tutorials. 

 Accuracy/ reliability 
 Free and openness of the 

information source 
 Usability features 
 Acceptability/ 

popularity. 

   
The final categories thus obtained by analyzing the data from the interviews were 

then validated using an online questionnaire. The data obtained from the online 
questionnaire is presented in chapter four. But we present the data analysis for the 
online questionnaire in the very next section, in this chapter.  

6.2 Data analysis for the online questionnaire 
We used three categorical variables namely role, qualification and experience of 

the respondents, to further classify and analyze the quantitative data obtained from the 
questionnaire. Depending on these categorical variables, we analyzed the information 
needs and sources and their aspects that were obtained from the online questionnaire. 
The scale used in the online questionnaire is a five-point scale (always, very often, 
sometimes, rarely, never). But for the purpose of the analysis we have considered only 
first two values namely always and very often to understand the differences and 
similarities, with respect to the categorical variables. The entire analysis process is 
conducted using Microsoft Excel. For the analysis, the total sample was divided into 
some groups based on the categorical variables. The groups thus obtained were 
presented in Table 6.2. 

 
Table 6.2 Categorical variables and groups 

Categorical variable Groups Count 
Role Developer 40 

Non-developer 43 
Experience Less than 1 year 16 

1 to 5 years 33 
More than 5 years 34 

Qualification Bachelor’s degree 55 
At least Master’s degree 28 

 
Table 6.2 depicts the division of respondents into different groups with respect to 

the categorical variables. Table 6.2 also presents the count/frequency of the 
respondents for each individual group for further analysis. 
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6.2.1 Analysis of information needs 
In this sub-section, we analyzed the information needs based on the role and 

experience of the respondents.  
 

Based on role:  
Based on the categorical variable role, the respondents were divided into two 

groups developers and non-developers as presented in Table 6.2. By considering the 
responses of the participants from these two groups, the information needs were 
analyzed and the following observation was made: 

 
Observation: We observed that clarifying the requirements, information on product design 
and architecture are the common information needs of both developer and non-developer 
communities. On the contrary, the need for improving skills in a programming language is 
mostly faced by the developer community and the information on product domain is mostly 
needed for the non-developer community. 

 
 Table 6.2.1a present the details of the analysis. In Table 6.2.1a, we have 

illustrated the frequency of identified information needs for both the developer and 
non-developer communities. The values in Table 6.2.1a represent the number of 
practitioners facing the need and also frequency (always and very often) of each 
information need. 
Analysis: for the analysis, we considered the first three highest values (frequencies) in 
the columns named total. The highest values were then compared in between the two 
groups (developers and non-developers). If a need is having a highest total value for 
both the groups, then that need is considered as the most frequent information need. 
Thus, Table 6.2.1a show that clarifying the requirements, information on product 
design and architecture and improving skills in a programming language as the most 
frequently faced information needs. The total values of most frequent needs were 
highlighted in Table 6.2.1a. 
 

Table 6.2.1a Analysis of information needs based on the role. 
 Developers Non-developers 
Information need Always Very often Total  Always Very often Total 
To clarify the requirements  19 15 34 15 15 30 
About product design  
and architecture. 

14 15 29 11 19 30 

About product domain  14 9 23 11 14 25 
To code a specific task  12 12 24 5 9 14 
To test a specific task 6 13 19 9 10 19 
To understand and resolve  
bugs/ error. 

12 14 26 9 12 21 

To improve skills in  
programming language 

14 15 29 7 14 21 

To learn specific  
software tools  

14 7 21 9 15 24 

To learn software  
engineering practices  
and techniques  

9 12 21 10 11 21 
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Based on the experience: 

Based on the categorical variable experience, the respondents were divided into 
three groups: the respondents with experience less than 1 year, 1 to 5 years and more 
than 5 years as presented in Table 6.2. By considering the responses of the participants 
from these three groups, the information needs were analyzed and the following 
observations were made: 

Observation: We observed that, the needs clarifying the requirements, information on 
product design and architecture were the common information needs of all the three groups. 
Whereas, the other identified information needs were varying with respect the experience of 
the respondents. Also, we observed that, the respondents with experience less than 1 year 
were facing more information needs frequently when compared to other respondents. A 
detailed illustration of the varying information needs was presented in Table 6.2.1b. 

 

Table 6.2.1b present the details of the analysis. In Table 6.2.1b, we have 
illustrated the frequency of identified information needs for respondents with 
experience less than 1 year, 1 to 3 years, and more than 5 years. The values in Table 
6.2.1b represent the number of practitioners and also the frequency (always and very 
often) of each information need. 

Analysis: for the analysis, we considered the first three highest values (frequencies) in 
the columns named total. The highest values were then compared in among the three 
groups (less than 1 year, 1 to 5 years and more than 5 years). If a need is having a 
highest total value for all the groups, then that need is considered as the most frequent 
information need. Thus, Table 6.2.1b show that clarifying the requirements and 
information on product design and architecture as the most frequently faced 
information needs. Also, the need, improving skills in a programming language is 
more frequent among the last two groups. The total values of most frequent needs were 
highlighted in Table 6.2.1b. 

Table 6.2.1b Analysis of information needs based on the experience. 
Information 

need 
Less than 1 year 1 to 5 years More than 5 years 

Always Very 
often 

Total Always Very 
often 

Total Always Very 
often 

Total 

To clarify the 
requirements  

3 9 12 17 8 25 14 13 27 

About product 
design and 
architecture. 

2 8 10 12 12 24 11 14 25 

About product 
domain  

3 7 10 12 8 20 10 8 18 

To code a 
specific task  

5 2 7 7 11 18 5 8 13 

To test a specific 
task 

5 2 7 5 14 19 5 7 12 

To understand 
and resolve bugs/ 
error. 

5 5 10 13 9 22 3 12 15 

To improve skills 
in programming 
language 

5 1 6 13 10 23 3 18 21 

To learn specific 
software tools  

5 3 8 13 8 21 5 11 16 

To learn software 5 4 9 9 9 18 5 10 15 
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engineering 
practices and 
techniques  

 

6.2.2 Analysis of information sources  
In this section, we present the analysis of information sources based on the role, 

qualification and experience of the respondents. The analysis process followed and 
mentioned in sub-section 6.2.1, for analyzing the information needs, is again used for 
analyzing the information sources in this section. 
 
Based on role:  

As addressed earlier, the respondents were divided into two groups based on their 
role i.e. developers and non-developers as presented in Table 6.2. The information 
sources were analyzed for each need, for these two groups of practitioners. The details 
of this analysis were illustrated in Tables (Table 1 to Table 9), in Appendix-A. The 
analysis along with the observations is presented below:  

 
For clarifying the requirements: both the developers and non-developers were using 
discussion with colleagues and product documentation. Also, we observed that 
developers were using blogs, community forums and online tutorial, whereas non-
developers were using product websites. These results were depicted in Table 1 of 
Appendix-A. 
For product design and architecture: both developers and non-developer were using 
product documentation and discussion with colleagues as common information 
sources. Also, we observed that developers were using online tutorials whereas non-
developers were using blogs and community forums to address this need. These results 
were depicted in Table 2 of Appendix-A. 
Regarding product domain: most of the developers and non-developers were using 
product documentation and discussion with colleagues. Also, we observed that 
developers were using blogs and community forums where as non-developers were 
using books. These results were depicted in Table 3 of Appendix-A. 
For coding a specific task: most of the developers and non-developers were using 
product documentation and source code repositories. Also, we observed that 
developers were using blogs and community forums where as non-developers were 
using discussion with colleagues. These results were depicted in Table 4 of Appendix-
A. 
For testing a specific task: most of the developers and non-developers were using 
product documentation and discussion with colleagues. Also, we observed that 
developers were using blogs and community forums where as non-developers were 
using online tutorials. These results were depicted in Table 5 of Appendix-A. 
For understanding/ resolving bugs: most of the developers and non-developers were 
using blogs and community forums, product documentation and discussion with 
colleagues. These results were depicted in Table 6 of Appendix-A. 
For improving skills in a programming language: most of the developers and non-
developers were using blogs and community forums. These results were depicted in 
Table 7 of Appendix-A.  
Regarding specific software tools: most of the developers and non-developers were 
using blogs and community forums, product documentation and online tutorials. These 
results were depicted in Table 8 of Appendix-A. 
Regarding software engineering techniques and practices: most of the developers and 
non-developers were using blogs and community forums, product documentation and 
discussion with colleagues. Also, we observed that some of the non-developers were 
using books. These results were depicted in Table 9 of Appendix-A. 
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Observation 6.2.2a. 
        We observed that the common information sources for both the developers and 
non-developers are product documentation, discussion with colleagues and blogs 
and community forums. We also observed that the use of information sources is 
varying with respect to the information need as well as the role of the respondent. 
We even observed that the IT magazines and social networking sites are the least 
used information sources. 
 
Based on experience: 

In order to analyze the information sources based on the experience, the 
respondents were divided into three groups i.e. less than 1year, 1 to 5 years, more than 
5 years as presented in Table 6.2. The information sources were analyzed for each 
need, for these three groups of practitioners. The details of this analysis were 
illustrated in Tables (Table 1 to Table 9), in Appendix-B. The analysis along with the 
observations is presented below: 
For clarifying the requirements: irrespective of experience, most of the respondents 
were using discussion with colleagues and product documentation for this information 
need. These results were depicted in Table 1 of Appendix-B. 
For product design and architecture: irrespective of experience, most of the 
respondents were using product documentation for this information need. These results 
were depicted in Table 2 of Appendix-B. 
Regarding product domain: irrespective of experience, most of the respondents were 
using product documentation, blogs and community forums and discussion with 
colleagues for this information need. These results were depicted in Table 3 of 
Appendix-B.  
For coding a specific task: irrespective of experience, most of the respondents were 
using blogs and community forums, product documentation for this information need. 
These results were depicted in Table 4 of Appendix-B. 
For testing a specific task: irrespective of experience, most of the respondents were 
using blogs and community forums, product documentation and discussion with 
colleagues for this information need. These results were depicted in Table 5 of 
Appendix-B. 
For understanding/ resolving bugs: irrespective of experience, most of the respondents 
were using blogs and community forums, product documentation and discussion with 
colleagues to address this information need. These results were depicted in Table 6 of 
Appendix-B. 
For improving skills in a programming language: irrespective of experience, most of 
the respondents were using blogs and community forums, product documentation and 
online tutorials for this information need. These results were depicted in Table 7 of 
Appendix-B. 
Regarding specific software tools: irrespective of experience, most of the respondents 
were using blogs and community forums and product documentation for this 
information need. These results were depicted in Table 8 of Appendix-B. 
Regarding software engineering techniques and practices: irrespective of experience, 
most of the respondents were using blogs and community forums, product 
documentation, discussion with colleagues and books for this information need. These 
results were depicted in Table 9 of Appendix-B. 
 
 

Observation 6.2.2b. 
        We observed that the common information sources used by the respondents with 
different experience levels are product documentation, discussion with colleagues for 
most of the needs. Also, the use of information sources is varying with respect to the 
information need as well as the experience of the respondent. We even observed that 
the IT magazines and social networking sites are the least used information sources. 
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Based on qualification: 

A further analysis of information sources was done based on the qualification of 
the respondents. To perform this analysis, the respondents were divided into two 
groups i.e. respondents with Bachelor’s degree and respondents with at least Master’s 
degree as presented in Table 6.2. The information sources were analyzed for each 
need, for these two groups of practitioners. The details of this analysis were illustrated 
in Tables (Table 1 to Table 9), in Appendix-C. The analysis along with the 
observations is presented below: 

 
For clarifying the requirements: Product documentation, discussion with colleagues 
and online tutorials were the common information sources used by the respondents 
from the two groups (Bachelor’s degree and At least master’s degree) to address this 
information need. These results were depicted in Table 1 of Appendix-C. 
For product design and architecture: Product documentation, discussion with 
colleagues, information from client and partner companies and online tutorials were 
the common information sources used by the respondents from the two groups to 
address this information need. These results were depicted in Table 2 of Appendix-C. 
Regarding product domain: Product documentation, discussion with colleagues and 
information from client and partner companies were the common information sources 
used by the respondents from the two groups to address this information need. These 
results were depicted in Table 3 of Appendix-C.  
For coding a specific task: blogs and community forums, product documentation 
source code repositories and discussion with colleagues were the common information 
sources used by the respondents from the two groups to address this information need. 
These results were depicted in Table 4 of Appendix-C. 
For testing a specific task: blogs and community forums, product documentation 
online tutorials and discussion with colleagues were the common information sources 
used by the respondents from the two groups to address this information need. These 
results were depicted in Table 5 of Appendix-C. 
For understanding/ resolving bugs: blogs and community forums, product 
documentation and discussion with colleagues were the common information sources 
used by the respondents from the two groups to address this information need. These 
results were depicted in Table 6 of Appendix-C. 
For improving skills in a programming language: blogs and community forums, and 
product documentation were the common information sources used by the respondents 
from the two groups to address this information need. These results were depicted in 
Table 7 of Appendix-C. 
Regarding specific software tools: blogs and community forums, product 
documentation and online tutorials were the common information sources used by the 
respondents from the two groups to address this information need. These results were 
depicted in Table 8 of Appendix-C. 
Regarding software engineering techniques and practices: blogs and community 
forums and discussion with colleagues were the common information sources used by 
the respondents from the two groups to address this information need. These results 
were depicted in Table 9 of Appendix-C. 
 

Observation 6.2.2c. 
We observed that the common information sources used by the respondents with 

different qualifications are product documentation, discussion with colleagues and 
blogs and community forums. Also, we noticed that the use of information sources is 
varying with respect to the information need as well as the qualification of the 
respondent. We even observed that the IT magazines and social networking sites are 
the least used information sources. 
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6.2.3 Analysis of the aspects of information sources 
Analysis of the importance of the aspects of information sources namely usability, 

free and openness, reliability and acceptability/popularity was done based on the 
categorical variables role, experience and qualification of the respondents. The 
analysis process followed and mentioned in sub-section 6.2.1, for analyzing the 
information needs, is again used for analyzing the aspects of the information sources in 
this sub-section. 
Based on the role: 

Most of the respondents from both the developer and non-developer communities 
considered accuracy or reliability of the information source as the most important 
factor. The importance of other factors by the respondents is presented in Table 6.2.3a. 
The second important factor is the free and open access of the source. The other two 
factors usability and acceptability are the less important factors.  

Table 6.2.3a Aspects that practitioners consider while using an information source. 
Aspect Developers Non-developers 

Extremely Very Total Extremely Very Total 
Accuracy/Reliability 24 13 37 21 19 40 
Free and open access 15 17 32 10 21 31 
Usability features 11 18 29 10 20 30 
Acceptability/popularity 12 18 30 10 16 26 

 
Based on experience: 

Most of the respondents irrespective of experience considered accuracy or 
reliability of the information source as the most important factor. The importance of 
other factors by the respondents is presented in Table 6.2.3b. The second important 
factors are the free and open access and usability features of the source. The other 
factor acceptability is the less important factors. 

Table 6.2.3b Aspects that practitioners consider while using an information source. 
Aspect Less than 1 year 1 to 5 years More than 5 years 

Extremely Very Total Extremely Very Total Extremely Very Total 
Accuracy/ 
Reliability 

10 4 14 21 11 32 14 17 31 

Free and  
open access 

6 4 10 11 15 26 8 19 27 

Usability 
features 

6 5 11 8 14 22 7 19 26 

Acceptability/ 
popularity 

7 6 13 9 14 23 6 14 20 

 
Based on qualification: 

Most of the respondents with both bachelor’s and master’s degree considered 
accuracy/reliability of information source as the most important aspect.  

 
Table 6.2.3c Aspects that practitioners consider while using an information source. 
Aspect Bachelor’s degree At least masters 

Extremely Very Total Extremely Very Total 
Accuracy/Reliability 31 20 51 14 12 26 
Free and open access 19 24 43 6 14 20 
Usability features 16 23 39 5 15 20 
Acceptability/popularity 18 21 39 4 13 17 
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The importance of other factors by the respondents is presented in the Table 

6.2.3c. Second important factor is the free and openness of the source. The other two 
factors usability and acceptability are the less important factors. 

 
Observation. 6.2.3. 

By analyzing the aspects based on the three categorical variables, we observed that 
accuracy/reliability as the most important factors while using the information sources 
and the acceptability/popularity is the least important factor while using the 
information source.  

6.3 Discussion 
In this section we compare and discuss the results obtained from both the literature 

review and survey. 
  

6.3.1 Comparing literature review and survey results 
In this section, we compared the results of literature review with survey, for both 

the research questions. This section presents the similarities and differences observed 
while comparing the results obtained from the two research methods i.e. literature 
review and survey.  
Comparison of information needs: Based on the obtained results, the needs were 
compared and the following observations are made. Further details of the comparison 
were presented in Table 1 in the Appendix-D. 

 From the literature we found that, information on coding aspects, product 
design and architecture and information regarding project statistics were the 
most frequently mentioned information needs. 

 From the interviews, improving skills in a programming language, clarifying 
the requirements, understanding/resolving bugs and need to learn specific 
software tools are the most frequently identified information needs. 

 From the online questionnaire, the need for product design and architecture 
and clarifying the requirements, information on product domain were the most 
frequently faced information needs. 

Comparison of information sources: similarly, the sources were compared and the 
following observations were made. Further details of this comparison were presented 
in the Table 2 in the Appendix-D. 

 From the literature, we found that source code and documentation, 
knowledge transfer, consulting experts and web resources were the 
most frequently mentioned information sources. 

 From the interviews, discussion with colleagues, product websites, 
blogs and community forums and product documentation were the 
most frequently identified information sources. 

 From the online questionnaire, blogs and community forums, product 
documentation and discussion with colleagues were the most 
frequently used information sources. 

Similarities: 
The following are the similarities observed by comparing the results obtained from 

the two methods. 
 Based on all the three methods, we observed that the following needs are 

frequently faced by the software practitioners. 
 Clarifying the requirements 
 Information regarding product design and architecture 

 Also, we identified that all the software practitioners are more frequently 
using the information sources namely  
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 Product documentation 
 Blogs and community forums 
 Discussion with colleagues  

 Also, IT magazines and social networking sites are the less frequently 
used information sources. 
 

Differences: 
The following are the differences observed by comparing the results obtained from 

the two methods. 
 

Information needs: 
 Literature review identified selection process and project statistics as one 

of the major information need faced by the practitioners, which could not 
be observed from interviews and an online questionnaire. 

 Similarly, through interviews we identified understanding and resolving 
bugs as one of the mostly faced information need, which could not be 
observed from other methods. 

Information sources: 
Based on the interviews and online questionnaire, professional training and 

conferences, product websites and information from client and partner companies, are 
the moderately used information sources by the software practitioners. But to the best 
of our knowledge, we could not find these information sources from the literature. 

6.3.2 Observations from comparing the results 
This section presents the discussion of the obtained results with respect to our 

research questions based on the comparison. The section mainly discusses the 
following three aspects: 

 Information needs 
 Information sources 
 Aspects of information sources 

 
Information needs: 

Our results show that software practitioners more frequently face the needs 
regarding clarifying the requirements, improving skills in a programming language and 
design and architecture. Also, we observed that our findings from the survey are 
consistent with the results from the literature review. Our results show that, almost 
70% of the software practitioners were facing these information needs. We 
complement the existing studies by identifying the frequency of occurrence of each 
identified information need.   

 
Information source: 

Our results show that software practitioners mostly make use of information 
sources namely discussions with colleagues, product documentation and blogs and 
community forums. Academic literature is moderately used and the IT magazines and 
social networking sites were least used information sources. Also, the information 
sources from the survey are in line with those that were presented in the literature.    
 
Aspects of the information source: 

Our results show that software practitioners consider the aspect accuracy/reliability 
of information as the most important factor while selecting an information source. 
82.4% of the respondents considered this aspect as the extremely important factor. In 
order to validate the identified aspects of information sources, we used online 
questionnaire. Thus the results from the online questionnaire were in line with the 
interviews. 



 

59 
 

6.3.3 Implications for research and practice 
From our study, we identified nine information needs and thirteen information 

sources of software practitioners. The results of our study were purely based on the 
software practitioner’s perception and experience with various information sources. 
Our study is beneficial for both software industry and academia. Our study presents a 
mapping between the information needs and sources. So, if any practitioner is facing 
one of the identified needs, then the practitioner can consult the corresponding 
information source proposed by the mapping and can address the respective need.   

The results of our study also show that, the academic literature is moderately used 
by the software practitioners. So our study, presents a scope for the researchers, to 
continue research on minimizing the identified needs. So, thus our study helps in 
reducing the gap between the researchers and the software practitioners. 
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7 CONCLUSION AND FUTURE WORK 
 

 In this section we present the conclusions drawn from our research and we also 
present a brief description of the possible future work. Section 7.1 presents the threats 
to validity, section 7.2 presents the final conclusion, and section 7.3 presents the future 
work of our thesis. 

7.1  Threats to validity 
To make sure that the results are valid for the chosen sample population and also 

to generalize the results to a larger population, we discuss the validity of results by 
describing and analyzing the possible threats to validity for this study. However, to 
reduce the threats to validity, we made use of data triangulation [35] i.e. we used both 
qualitative and quantitative methods (interviews and online questionnaire) for data 
collection. Robson [26] state that “triangulation can help to counter all of the threats to 
validity”. According to Wohlin [54], there are 4 kinds of threats to validity namely, 
internal, external, construct and conclusion validities. These threats are discussed in 
brief below. 

7.1.1   Internal validity 
It deals with the relationship between the treatment and the outcome of the study. 

Eeva et al. [55] state that, “A good research design is always of crucial importance, 
when pursuing high internal validity”. As the author stated that the threats to internal 
validity occur throughout the research process, we started taking care from the early 
stages of the research. For the data collection, we used both the interviews and the 
online questionnaire. To avoid a threat to internal validity, we conducted a mock 
interview with one of the researchers as the interviewee, to validate the interview 
protocol. Also, the online questionnaire was initially designed using three survey tools. 
Based on the usability, compatibility and quality trinity, we selected the questionnaire 
prepared using google forms.  

Moreover, the questionnaire thus designed was validated by the supervisor and a 
pretest is conducted with one of the researchers at BTH as a respondent for the 
questionnaire. Thus we designed questionnaire by regulating the usability, content and 
quality of questionnaire to reduce the internal threat to validity.  

Also, we mitigated the internal threat from the respondent’s selection by selecting 
the respondents based on the convenience sampling.   

7.1.2 External validity     
It is concerned whether the study results can be generalized to the chosen 

population. The sample population involved in the study are the software practitioners. 
But most of the respondents for our study were analyst, developer, tester, and manager. 
So we generalize our results only for these group of software practitioners. But not for 
every software practitioner. Wohlin [54] claim that wrong selection of participants as 
one of the threats to external validity. We selected the participants for the interviews 
and online questionnaire based on convenience sampling and made sure that every 
participant is a software practitioner, thus we mitigated the threat to external validity. 

7.1.3 Construct validity 
“This validity is concerned with the relation between theory and observation” [57]. 

The threat to construct validity is mostly caused by the study design and social factors. 
To ensure construct validity, we made sure that all the participants from the interviews 
are experienced enough for the study, in order to collect the information needs and 
information sources. Also, a brief introduction of the topic is presented to the 
interviewees before conducting the interviews by exemplifying some of the 



 

61 
 

information needs and information sources. The interview process was started only 
after all the interviewees has got some minimum level of understanding of what the 
study was about. This was done to reduce the bias in the results. Also, all the data 
obtained from the survey is transcribed and triangulated and all the interview 
transcripts were manually scrutinized. Also, in the case of an online questionnaire, care 
was taken in reducing the redundancy of responses by making the questionnaire 
participant to login to their e-mail account before answering the survey. Thus we 
assure construct validity.  

But there are respondents with varying experiences, roles and qualification 
working in different countries, for the online questionnaire. So, this might have some 
impact on the construct validity.  

      

7.1.4 Reliability       
During the study, to ensure the reliability of findings, we conducted a pilot 

interview and in the case of an online questionnaire, a pretest was conducted to make 
sure that the data collection methods do not affect the results. Also, in the case of data 
analysis, data triangulation was performed, to draw concrete conclusions. All the 
suggestion and feedback from the supervisor and the respective scrutinizers was used 
to ensure the reliability of findings. 

7.2 Conclusions 
This study investigated the information needs and information sources of the 

software practitioners both from the literature and practice. We also studied various 
aspects that software practitioners consider while using an information source. For this 
investigation we conducted a both literature review and survey. The study implements 
mixed method approach by conducting the survey with semi-structured interviews and 
online questionnaire as the data collection methods. Seventeen semi-structured 
interviews were conducted as a part of qualitative study and an online questionnaire 
was designed as a part of quantitative study. The questionnaire was kept live for a 
period of 3 weeks i.e. from 8th April, 2016 to 28th April, 2016. 83 respondents from 
various countries working in various organizations answered our online questionnaire. 
The data obtained from the semi-structured interviews was transcribed manually and 
analyzed using the principles of Grounded theory, to create categories of information 
needs and sources. Descriptive statistics were used to analyze the data from the online 
questionnaire. The data obtained from the survey was compared against the results 
from the literature review and the obtained results were proposed as the results of the 
entire investigation.   

From our results we identified nine types of information needs for which the 
software practitioners are using thirteen types of information sources. Out of the nine 
identified information needs, clarifying the requirements, product design and 
architecture and improving skills in a programming language are the three most 
frequent information needs. It is not the case that all the software practitioners are 
facing these needs. But most of the software practitioner are facing them.  

We also conclude form our data analysis that these information needs and sources 
are varying from practitioner to practitioner. We also found that the IT magazines and 
social networking sites are least used information sources, by the software 
practitioners. Even the scientific and journal articles are less frequently used by the 
software practitioners because of some accessibility issues and also due to the 
existence of some other compensative information sources like blogs, websites and 
product documentation. We also observed that most of the practitioners consider 
accuracy/reliability of information source as the most important factor, before using 
the information from the respective sources.  
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7.3 Future work 
The future dimension of our study could be to identify the additional information 

needs and sources by extending the sample population. Also, in order to decrease the 
gap between the research and practice, another dimension of this study could be, 
focusing on the some of the identified needs and finding ways to minimize the needs. 
Also, we observed from our investigation that, the accessibility of the scientific 
research articles is less for some of the software practitioners. So, investigating how 
the practitioners want the scientific literature to be? Can also try to minimize the gap 
between the research and practice. Also, on the other hand, the researchers should take 
some inputs from the practitioners in aligning the problems of practitioners with the 
objectives of researchers. Thus, we hope that our investigation helps in understanding, 
improving the software development practices and resolving the encountered 
problems. 
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APPENDIX-A 
Analysis of information sources based on the role of the respondent. The following 

tables were used in the section 6.2.2 for the data analysis. 
 

Table 1 Information sources used to clarify the requirements. 
Information sources Developer Non-developer 

Always Very 
often 

Total Always Very 
often 

Total 

Blogs and community forums 15 12 27 7 11 18 
Product documentation 11 11 22 9 21 30 
Product websites 11 10 21 8 19 27 
Source code repositories 13 4 17 6 13 19 
Discussions with colleagues 16 11 27 11 21 32 
IT Magazines 2 6 8 6 7 13 
Professional training conferences 
& workshops 

3 11 14 4 11 15 

Research articles 2 8 10 5 7 12 
Information from client and 
partner companies 

7 13 20 12 9 21 

Books 5 10 15 5 14 19 
Online courses 8 10 18 6 9 15 
Social networking sites and 
groups 

6 9 15 6 5 11 

Online tutorials 13 13 26 10 13 23 
 

Table 2 Information sources used for product design and architecture. 

Information sources Developer Non-developer 
Always Very 

often 
Total Always Very 

often 
Total 

Blogs and community forums 11 11 22 9 16 25 
Product documentation 11 15 26 10 24 34 
Product websites 9 12 21 9 14 23 
Source code repositories 10 12 22 7 12 19 
Discussions with colleagues 12 13 25 14 16 30 
IT Magazines 7 6 13 6 7 13 
Professional training conferences & 
workshops 

8 11 19 5 12 17 

Research articles 6 12 18 5 11 16 
Information from client and partner 
companies 

9 15 24 10 12 22 

Books 6 14 20 3 16 19 
Online courses 10 9 19 9 7 16 
Social networking sites and groups 8 8 16 8 6 14 
Online tutorials 15 15 30 10 12 22 
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Table 3 Information sources used regarding product domain. 

Information sources Developer Non-developer 
Always Very 

often 
Total Always Very 

often 
Total 

Blogs and community forums 14 14 28 6 16 22 
Product documentation 15 13 28 13 19 32 
Product websites 13 8 21 6 13 19 
Source code repositories 11 10 21 5 11 16 
Discussions with colleagues 15 11 26 10 18 28 
IT Magazines 6 10 16 4 8 12 
Professional training conferences & 
workshops 

7 11 18 5 12 17 

Research articles 5 12 17 5 11 16 
Information from client and partner 
companies 

14 13 27 9 13 22 

Books 9 11 20 8 16 24 
Online courses 8 9 17 6 9 15 
Social networking sites and groups 6 10 16 5 9 14 
Online tutorials 13 13 26 11 7 18 
 

Table 4 Information sources used to learn how to code a specific task. 

Information sources Developer Non-developer 
Always Very 

often 
Total Always Very 

often 
Total 

Blogs and community forums 19 17 36 8 14 22 
Product documentation 13 13 26 11 14 25 
Product websites 11 12 23 6 13 19 
Source code repositories 13 15 28 6 18 24 
Discussions with colleagues 14 11 25 7 20 27 
IT Magazines 6 7 13 3 7 10 
Professional training conferences & 
workshops 

7 9 16 4 13 17 

Research articles 5 10 15 4 15 19 
Information from client and partner 
companies 

7 11 18 4 15 19 

Books 9 8 17 2 20 22 
Online courses 9 11 20 8 8 16 
Social networking sites and groups 5 9 14 5 10 15 
Online tutorials 14 12 26 8 13 21 
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Table 5 Information sources used to learn how to test a specific task. 

Information sources Developer Non-developer 
Always Very 

often 
Total Always Very 

often 
Total 

Blogs and community forums 18 9 27 6 13 19 
Product documentation 9 16 25 14 14 28 
Product websites 7 13 20 5 15 20 
Source code repositories 9 13 22 7 8 15 
Discussions with colleagues 13 12 25 12 18 30 
IT Magazines 6 6 12 6 7 13 
Professional training conferences & 
workshops 

8 10 18 5 12 17 

Research articles 4 11 15 4 9 13 
Information from client and partner 
companies 

10 9 19 9 12 21 

Books 5 12 17 3 17 20 
Online courses 10 8 18 9 10 19 
Social networking sites and groups 6 6 12 3 11 14 
Online tutorials 11 10 21 9 12 21 
 

Table 6 Information sources used to acquire information for understanding/ resolving bugs. 

Information sources Developer Non-developer 
Always Very 

often 
Total Always Very 

often 
Total 

Blogs and community forums 22 9 31 7 20 27 
Product documentation 10 17 27 11 18 29 
Product websites 7 9 16 6 10 16 
Source code repositories 11 12 23 4 15 19 
Discussions with colleagues 11 18 29 12 19 31 
IT Magazines 6 6 12 4 7 11 
Professional training conferences & 
workshops 

7 10 17 6 11 17 

Research articles 5 8 13 4 11 15 
Information from client and partner 
companies 

6 13 19 9 10 19 

Books 8 12 20 3 10 13 
Online courses 10 9 19 7 8 15 
Social networking sites and groups 9 5 14 5 8 13 
Online tutorials 8 14 22 10 14 24 
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Table 7 Information sources used for improving skills in a programming language. 

Information sources Developer Non-developer 
Always Very 

often 
Total Always Very 

often 
Total 

Blogs and community forums 24 10 34 14 14 28 
Product documentation 15 12 27 11 15 26 
Product websites 12 11 23 10 9 19 
Source code repositories 14 16 30 6 13 19 
Discussions with colleagues 16 9 25 8 13 21 
IT Magazines 6 10 16 4 10 14 
Professional training conferences & 
workshops 

10 11 21 8 15 23 

Research articles 6 10 16 7 14 21 
Information from client and partner 
companies 

11 5 16 7 14 21 

Books 10 12 22 6 17 23 
Online courses 13 8 21 11 12 23 
Social networking sites and groups 9 5 14 6 9 15 
Online tutorials 16 13 29 11 11 22 
 

 

Table 8 Information sources used regarding specific software tools. 

Information sources Developer Non-developer 
Always Very 

often 
Total Always Very 

often 
Total 

Blogs and community forums 22 12 34 12 17 29 
Product documentation 17 14 31 12 18 30 
Product websites 12 15 27 7 15 22 
Source code repositories 10 13 23 6 11 17 
Discussions with colleagues 14 12 26 8 16 24 
IT Magazines 8 7 15 5 10 15 
Professional training conferences & 
workshops 

8 16 24 7 12 19 

Research articles 5 9 14 5 12 17 
Information from client and partner 
companies 

7 11 18 6 12 18 

Books 9 15 24 5 15 20 
Online courses 11 8 19 7 13 20 
Social networking sites and groups 9 5 14 6 8 14 
Online tutorials 14 16 30 11 14 25 
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Table 9 Information sources used for software engineering techniques and practices. 

Information sources Developer Non-developer 
Always Very 

often 
Total Always Very 

often 
Total 

Blogs and community forums 19 9 28 10 14 24 
Product documentation 15 11 26 8 15 23 
Product websites 12 11 23 5 12 17 
Source code repositories 9 13 21 4 8 12 
Discussions with colleagues 14 11 25 11 13 24 
IT Magazines 7 10 17 4 12 16 
Professional training conferences & 
workshops 

10 12 22 8 13 21 

Research articles 8 11 19 7 14 21 
Information from client and partner 
companies 

9 9 18 7 11 18 

Books 12 12 24 6 19 25 
Online courses 12 6 18 6 12 18 
Social networking sites and groups 8 6 14 5 9 14 
Online tutorials 14 7 21 9 10 19 
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APPENDIX-B 
Analysis of information sources based on the experience of the respondents. The 

following tables were used for the data analysis in the section 6.2.2. 
 

Table 1 Information sources used to clarify the requirements. 

Information 
sources 

Less than 1 year 1 to 5 years More than 5 years 
Always Very 

often 
Total Always Very 

often 
Total Always Very 

often 
Total 

Blogs and 
community 
forums 

3 6 9 12 8 20 7 9 16 

Product 
documentation 

3 6 9 9 12 21 8 14 22 

Product 
websites 

3 5 8 10 9 19 6 15 21 

Source code 
repositories 

3 1 4 8 6 14 8 9 17 

Discussions 
with 
colleagues 

4 8 12 11 10 21 12 15 27 

IT Magazines 3 2 5 3 6 9 2 5 7 
Professional 
training 
conferences & 
workshops 

2 5 7 4 8 12 1 9 10 

Research 
articles 

2 2 4 4 7 11 1 5 6 

Information 
from client 
and partner 
companies 

2 4 6 11 7 18 6 12 18 

Books 2 4 6 4 9 13 4 10 14 
Online 
courses 

3 4 7 7 7 14 4 8 12 

Social 
networking 
sites and 
groups 

3 3 6 7 9 16 3 2 5 

Online 
tutorials 

5 4 9 13 10 23 4 13 17 
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Table 2 Information sources used for product design and architecture. 

Information 
sources 

Less than 1 year 1 to 5 years More than 5 years 
Always Very 

often 
Total Always Very 

often 
Total Always Very 

often 
Total 

Blogs and 
community 
forums 

3 4 7 11 9 20 6 14 20 

Product 
documentation 

6 5 11 7 15 22 8 18 26 

Product 
websites 

5 3 8 8 9 17 6 15 21 

Source code 
repositories 

3 6 9 7 8 15 7 9 16 

Discussions 
with 
colleagues 

6 3 9 8 14 22 13 12 25 

IT Magazines 4 2 6 5 5 10 3 7 10 
Professional 
training 
conferences & 
workshops 

3 5 8 6 8 14 3 9 12 

Research 
articles 

4 6 10 5 8 13 2 9 11 

Information 
from client 
and partner 
companies 

5 5 10 9 10 19 5 13 18 

Books 3 4 7 3 13 16 3 12 15 
Online 
courses 

5 2 7 10 6 16 4 8 12 

Social 
networking 
sites and 
groups 

4 3 7 8 8 16 4 4 8 

Online 
tutorials 

6 6 12 15 5 20 4 11 15 
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Table 3 Information sources used for product domain. 

Information 
sources 

Less than 1 year 1 to 5 years More than 5 years 
Always Very 

often 
Total Always Very 

often 
Total Always Very 

often 
Total 

Blogs and 
community 
forums 

5 6 11 10 9 19 5 15 20 

Product 
documentation 

4 8 12 14 9 23 10 14 24 

Product 
websites 

5 4 9 10 5 15 5 12 17 

Source code 
repositories 

3 6 9 6 8 14 7 8 15 

Discussions 
with 
colleagues 

8 3 11 9 11 20 8 16 24 

IT Magazines 4 3 7 3 7 10 3 7 10 
Professional 
training 
conferences & 
workshops 

4 4 8 5 9 14 3 10 13 

Research 
articles 

4 4 8 3 10 13 3 9 12 

Information 
from client 
and partner 
companies 

3 9 12 11 9 20 9 9 18 

Books 3 6 9 7 8 15 3 12 15 
Online 
courses 

4 4 8 8 6 14 2 9 11 

Social 
networking 
sites and 
groups 

4 4 8 4 10 15 3 4 7 

Online 
tutorials 

7 4 11 13 7 20 4 10 14 
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Table 4 Information sources used to learn how to code a specific task. 

Information 
sources 

Less than 1 year 1 to 5 years More than 5 years 
Always Very 

often 
Total Always Very 

often 
Total Always Very 

often 
Total 

Blogs and 
community 
forums 

7 6 13 14 10 24 6 15 21 

Product 
documentation 

4 8 12 12 10 22 9 8 17 

Product 
websites 

5 4 9 7 11 18 5 11 16 

Source code 
repositories 

6 4 10 7 13 20 6 15 21 

Discussions 
with 
colleagues 

6 5 11 8 14 22 7 13 20 

IT Magazines 2 4 6 6 3 9 1 6 7 
Professional 
training 
conferences & 
workshops 

4 4 8 5 9 14 2 10 12 

Research 
articles 

3 5 8 5 9 14 1 10 11 

Information 
from client 
and partner 
companies 

3 5 8 6 10 16 2 12 14 

Books 2 7 9 6 9 15 3 11 14 
Online 
courses 

4 4 8 7 7 14 6 9 15 

Social 
networking 
sites and 
groups 

3 3 6 5 9 14 2 7 9 

Online 
tutorials 

4 7 11 13 8 21 5 10 15 
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Table 5 Information sources used to learn how to test a specific task. 

Information 
sources 

Less than 1 year 1 to 5 years More than 5 years 
Always Very 

often 
Total Always Very 

often 
Total Always Very 

often 
Total 

Blogs and 
community 
forums 

6 2 8 13 7 20 5 12 17 

Product 
documentation 

5 4 9 10 12 22 8 15 23 

Product 
websites 

4 5 9 6 8 14 2 14 16 

Source code 
repositories 

5 4 9 5 10 15 6 8 14 

Discussions 
with 
colleagues 

8 3 11 10 14 24 7 12 19 

IT Magazines 5 2 7 5 5 10 2 7 9 
Professional 
training 
conferences & 
workshops 

5 3 8 6 9 15 2 9 11 

Research 
articles 

4 3 7 3 10 13 1 8 9 

Information 
from client 
and partner 
companies 

6 3 9 9 7 16 4 10 14 

Books 3 5 8 4 11 15 1 14 15 
Online 
courses 

5 3 8 9 5 14 5 9 14 

Social 
networking 
sites and 
groups 

2 3 5 4 9 13 3 6 9 

Online 
tutorials 

6 2 8 11 7 18 3 13 16 
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Table 6 Information sources used for understanding/ resolving bugs. 

Information 
sources 

Less than 1 year 1 to 5 years More than 5 years 
Always Very 

often 
Total Always Very 

often 
Total Always Very 

often 
Total 

Blogs and 
community 
forums 

7 5 12 15 12 27 7 12 19 

Product 
documentation 

4 7 11 10 12 22 7 15 22 

Product 
websites 

4 3 7 5 8 13 4 9 13 

Source code 
repositories 

3 5 8 7 11 18 5 11 16 

Discussions 
with 
colleagues 

7 6 13 9 16 25 7 14 21 

IT Magazines 4 4 8 4 5 9 2 4 6 
Professional 
training 
conferences & 
workshops 

5 2 7 5 11 16 3 9 12 

Research 
articles 

4 3 7 3 7 10 2 9 11 

Information 
from client 
and partner 
companies 

5 4 9 5 9 14 5 9 14 

Books 3 6 9 5 8 13 3 9 12 
Online 
courses 

5 4 9 6 8 14 6 4 10 

Social 
networking 
sites and 
groups 

3 4 7 6 7 13 5 3 8 

Online 
tutorials 

4 5 9 10 11 21 4 12 16 
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Table 7 Information sources used for improving skills in a programming language. 

Information 
sources 

Less than 1 year 1 to 5 years More than 5 years 
Always Very 

often 
Total Always Very 

often 
Total Always Very 

often 
Total 

Blogs and 
community 
forums 

8 2 10 18 10 28 12 12 24 

Product 
documentation 

4 5 9 12 9 21 11 12 23 

Product 
websites 

4 2 6 10 8 18 7 11 18 

Source code 
repositories 

5 3 8 9 13 22 6 13 19 

Discussions 
with 
colleagues 

8 1 9 11 10 21 6 10 16 

IT Magazines 2 3 5 5 7 12 2 11 13 
Professional 
training 
conferences & 
workshops 

6 2 8 7 10 17 6 13 19 

Research 
articles 

2 4 6 7 9 16 3 12 15 

Information 
from client 
and partner 
companies 

5 1 6 10 8 18 4 9 13 

Books 2 4 6 9 12 21 4 14 18 
Online 
courses 

6 3 9 11 5 16 8 11 19 

Social 
networking 
sites and 
groups 

3 3 6 6 7 13 5 5 10 

Online 
tutorials 

7 3 10 13 8 21 7 13 20 
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Table 8 Information sources used regarding specific software tools. 

Information 
sources 

Less than 1 year 1 to 5 years More than 5 years 
Always Very 

often 
Total Always Very 

often 
Total Always Very 

often 
Total 

Blogs and 
community 
forums 

5 6 11 15 11 26 14 11 25 

Product 
documentation 

6 5 11 13 11 24 10 17 27 

Product 
websites 

4 6 10 6 14 20 9 9 18 

Source code 
repositories 

3 5 8 10 8 18 3 9 12 

Discussions 
with 
colleagues 

6 6 12 10 10 20 6 11 17 

IT Magazines 4 5 9 7 4 11 2 9 11 
Professional 
training 
conferences & 
workshops 

5 5 10 5 10 15 5 12 17 

Research 
articles 

3 5 8 4 7 11 3 10 13 

Information 
from client 
and partner 
companies 

3 5 8 5 7 12 5 10 15 

Books 3 6 9 6 10 16 5 15 20 
Online 
courses 

5 3 8 8 7 15 5 10 15 

Social 
networking 
sites and 
groups 

3 4 7 8 5 13 4 5 9 

Online 
tutorials 

6 5 11 13 11 24 6 13 19 
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Table 9 Information sources used for software engineering techniques and practices. 

Information 
sources 

Less than 1 year 1 to 5 years More than 5 years 
Always Very 

often 
Total Always Very 

often 
Total Always Very 

often 
Total 

Blogs and 
community 
forums 

6 3 9 17 7 24 6 14 20 

Product 
documentation 

6 3 9 8 12 20 9 10 19 

Product 
websites 

5 3 8 6 9 15 6 12 18 

Source code 
repositories 

3 5 8 6 9 15 4 6 10 

Discussions 
with 
colleagues 

8 1 9 9 12 21 8 12 20 

IT Magazines 3 4 7 5 8 13 3 9 12 
Professional 
training 
conferences & 
workshops 

4 3 7 10 8 18 4 15 19 

Research 
articles 

4 4 8 8 8 16 3 12 15 

Information 
from client 
and partner 
companies 

4 4 8 8 6 14 4 11 15 

Books 4 4 8 7 14 21 7 12 19 
Online 
courses 

4 4 8 8 6 14 6 9 15 

Social 
networking 
sites and 
groups 

4 2 6 6 6 12 3 6 9 

Online 
tutorials 

6 2 8 12 7 19 5 9 13 
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APPENDIX-C 
Analysis of information sources based on the qualification of the respondents. The 

following tables were used for the data analysis in the section 6.2.2. 
 

Table 1 Information sources used to clarify the requirements. 

Information sources Bachelor’s degree At least masters 
Always Very 

often 
Total Always Very 

often 
Total 

Blogs and community forums 15 16 31 7 7 14 
Product documentation 14 22 36 6 10 16 
Product websites 15 19 34 4 10 14 
Source code repositories 15 10 25 4 6 10 
Discussions with colleagues 20 20 40 7 13 20 
IT Magazines 6 7 13 2 6 8 
Professional training conferences & 
workshops 

6 14 20 1 8 9 

Research articles 4 10 14 3 4 7 
Information from client and partner 
companies 

14 15 29 5 8 13 

Books 6 15 21 4 8 12 
Online courses 10 12 22 4 7 11 
Social networking sites and groups 9 11 20 4 3 7 
Online tutorials 16 19 35 6 8 14 
 

 

Table 2 Information sources used for product design and architecture. 

Information sources Bachelor’s degree At least masters 
Always Very 

often 
Total Always Very 

often 
Total 

Blogs and community forums 14 18 32 6 9 15 
Product documentation 15 25 40 6 13 19 
Product websites 15 17 32 3 10 13 
Source code repositories 12 18 30 5 5 10 
Discussions with colleagues 16 21 37 11 8 19 
IT Magazines 10 10 20 2 4 6 
Professional training conferences & 
workshops 

8 16 24 5 6 11 

Research articles 8 18 26 3 5 8 
Information from client and partner 
companies 

15 18 33 4 10 14 

Books 7 18 25 2 11 13 
Online courses 15 12 27 4 4 8 
Social networking sites and groups 11 13 24 5 2 7 
Online tutorials 19 14 33 6 8 14 
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Table 3 Information sources used for product domain. 

Information sources Bachelor’s degree At least masters 
Always Very 

often 
Total Always Very 

often 
Total 

Blogs and community forums 14 20 34 6 10 16 
Product documentation 22 19 41 6 12 18 
Product websites 15 12 27 4 9 13 
Source code repositories 11 16 27 5 6 11 
Discussions with colleagues 19 18 37 6 12 18 
IT Magazines 8 12 20 2 5 7 
Professional training conferences & 
workshops 

9 14 23 3 9 12 

Research articles 7 17 24 3 6 9 
Information from client and partner 
companies 

18 17 35 5 10 15 

Books 10 16 26 3 10 13 
Online courses 12 13 25 2 6 8 
Social networking sites and groups 8 15 23 3 3 6 
Online tutorials 18 14 32 6 7 13 
 

 

Table 4 Information sources used to learn how to code a specific task. 

Information sources Bachelor’s degree At least masters 
Always Very 

often 
Total Always Very 

often 
Total 

Blogs and community forums 18 23 41 9 8 17 
Product documentation 18 19 37 7 7 14 
Product websites 13 18 31 4 8 12 
Source code repositories 13 23 36 6 9 15 
Discussions with colleagues 13 23 36 8 9 17 
IT Magazines 7 10 17 2 3 5 
Professional training conferences & 
workshops 

8 16 24 3 7 10 

Research articles 6 19 25 3 5 8 
Information from client and partner 
companies 

8 20 28 3 7 10 

Books 9 16 25 2 11 13 
Online courses 12 13 25 5 7 12 
Social networking sites and groups 7 15 22 3 4 7 
Online tutorials 15 17 32 7 8 15 
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Table 5 Information sources used to learn how to test a specific task. 

Information sources Bachelor’s degree At least masters 
Always Very 

often 
Total Always Very 

often 
Total 

Blogs and community forums 16 15 31 8 6 14 
Product documentation 18 19 37 5 12 17 
Product websites 10 18 28 2 9 11 
Source code repositories 13 15 28 3 7 10 
Discussions with colleagues 18 19 37 7 10 17 
IT Magazines 10 9 19 2 5 7 
Professional training conferences & 
workshops 

11 16 27 2 5 7 

Research articles 7 16 23 1 5 6 
Information from client and partner 
companies 

16 13 29 3 7 10 

Books 7 17 24 1 13 14 
Online courses 13 12 25 6 5 11 
Social networking sites and groups 5 14 19 4 4 8 
Online tutorials 14 15 29 6 7 13 
 

 

Table 6 Information sources used for understanding/ resolving bugs. 

Information sources Bachelor’s degree At least masters 
Always Very 

often 
Total Always Very 

often 
Total 

Blogs and community forums 21 20 41 8 9 17 
Product documentation 16 22 38 5 12 17 
Product websites 10 15 25 3 5 8 
Source code repositories 10 21 31 5 6 11 
Discussions with colleagues 17 23 40 6 13 19 
IT Magazines 8 10 18 2 3 5 
Professional training conferences & 
workshops 

11 15 26 2 7 9 

Research articles 8 14 22 1 5 6 
Information from client and partner 
companies 

12 14 26 3 6 9 

Books 10 15 25 1 8 9 
Online courses 12 13 25 5 3 8 
Social networking sites and groups 9 12 21 5 2 7 
Online tutorials 15 19 34 3 9 12 
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Table 7 Information sources used for improving skills in a programming language. 

Information sources Bachelor’s degree At least masters 
Always Very 

often 
Total Always Very 

often 
Total 

Blogs and community forums 27 17 44 11 7 18 
Product documentation 20 19 39 7 7 14 
Product websites 17 15 32 4 6 10 
Source code repositories 16 21 37 4 8 12 
Discussions with colleagues 19 12 31 6 9 15 
IT Magazines 7 15 22 2 6 8 
Professional training conferences & 
workshops 

15 16 31 4 9 13 

Research articles 9 17 26 3 8 11 
Information from client and partner 
companies 

15 12 27 4 6 10 

Books 11 20 31 4 10 14 
Online courses 18 10 28 7 9 16 
Social networking sites and groups 9 11 20 5 4 9 
Online tutorials 19 16 35 8 8 16 
 

 

Table 8 Information sources used regarding specific software tools. 

Information sources Bachelor’s degree At least masters 
Always Very 

often 
Total Always Very 

often 
Total 

Blogs and community forums 24 19 43 10 9 19 
Product documentation 21 21 42 8 12 20 
Product websites 13 24 37 6 5 11 
Source code repositories 13 17 30 3 5 8 
Discussions with colleagues 17 18 35 5 9 14 
IT Magazines 11 13 24 2 5 7 
Professional training conferences & 
workshops 

11 19 30 4 8 12 

Research articles 8 15 23 2 7 9 
Information from client and partner 
companies 

8 16 24 5 6 11 

Books 12 18 30 2 13 15 
Online courses 13 15 28 5 7 12 
Social networking sites and groups 12 10 11 4 4 8 
Online tutorials 19 19 38 6 10 16 
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Table 9 Information sources used for software engineering techniques and 
practices. 

Information sources Bachelor’s degree At least masters 
Always Very 

often 
Total Always Very 

often 
Total 

Blogs and community forums 25 14 39 4 10 14 
Product documentation 18 20 38 5 5 10 
Product websites 15 18 33 2 6 8 
Source code repositories 11 15 26 2 5 7 
Discussions with colleagues 19 17 36 6 8 14 
IT Magazines 8 18 26 3 3 6 
Professional training conferences & 
workshops 

14 18 32 4 8 12 

Research articles 11 15 26 4 9 13 
Information from client and partner 
companies 

14 13 27 2 8 10 

Books 12 22 34 6 8 14 
Online courses 15 12 27 3 7 10 
Social networking sites and groups 9 11 20 4 3 7 
Online tutorials 18 10 28 5 8 13 
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APPENDIX-D 
 

Table 1 Comparison of information needs. 
S.no. Information need Literature 

review (35 
articles) 

Interviews (17 
interviews) 

Online 
questionnaire (83 
respondents) 

IN1 Improving skills in a 
programming language 

23 (65.7%) 15 (88.2%) 29 (35%) 

IN2 Information regarding 
product design and 
architecture 

18 (51.4%) 6 (35.2%) 34 (41%) 

IN3 Clarifying the 
requirements 

- 12 (70.6%) 34 (41%) 

IN4 Selection process and 
the project statistics 

18 (51.4%) - - 

IN5 Understanding and 
resolving bugs 

15 (42.8%) 13 (76.4%) 26 (31.3%) 

IN6 Information need to 
learn specific software 
Tools 

17 (48.5%) 15 (88.2%) 28 (33.7%) 

IN7 Regarding product 
domain  

- 12 (70.6%) 27 (32.5%) 

IN8 To learn how to code a 
specific task. 

7 (20%) 8 (47%) 22 (26.5%) 

IN9 To learn software 
engineering techniques 
and practices. 

- 5 (29.4%) 27 (32.5%) 

IN10 To learn how to test a 
specific task. 

- 4 (24%) 28 (33.7%) 

 
Table 2 Comparison of information sources. 

S.no. Information source Literature 
review 
(Out of 35 
respondents) 

Interviews 
(Out of 17 
respondents) 

Online 
questionnaire (Out 
of 83 respondents) 

1 Blogs and community 
forums 

10 (28.5%) 16 (94.1%) 29 (35.4%) 

2 Product 
documentation 

21 (60%) 15 (88.2%) 31 (37.4%) 

3 Product websites - 16 (94.1%) 26 (31.4%) 
4 Source code 

repositories 
19 (54%) 9 (52.9%) 24 (29.8%) 

5 Discussion with 
colleagues 

13 (37%) 17 (100%) 30 (36.2%) 

6 IT magazines - 7 (41.1%) 0  
7 Professional training/ 

conferences/ 
workshops 

4 (11%) 13 (76.4%) 24 (29.7%)  

8 Research articles - 6 (35.2%) 21 (25.3%) 
9 Information from 

client and partner 
companies 

- 13 (76.4%) 23 (27%) 
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10 Books 8 (23) 4 (23.5%) 27 (32.5%) 
11 Online courses - 8 (47%) 20 (24%) 
12 Social networking 

sites 
- 2 (11.7%) 0  

13 Online tutorials 6 (17) 10 (58.5%) 25 (30%) 
 
 
Online questionnaire description. 
 

Table 3 Description of online questionnaire. 
Demographic 
questions: 

Question Question 
type 

Question description 

Q1. Full Name of the 
participant. 

Short 
answer text 

Name of the respondent. 

Q2. E-mail of the participant. Short 
answer text 

Email of the respondent. 

Q3. 
 

What is your current 
role/ position in your 
organization? 

Multiple 
choice 

Analyst, designer, developer, 
tester, manager, product owner 
and others. 

Q4. 
 

What is the name of the 
organization in which 
you are currently 
working? 

Short 
answer text 

Name of the organization in 
which the respondent is 
currently working.  

Q5. How long have you been 
working for this 
organization? 

Multiple 
choice 

Less than 1 year, 1 to 3 years, 3 
to 5 years, 5 to 10 years, and 10 
+ years. 

Q6. What is your total 
experience in the 
software industry? 

Multiple 
choice 

Less than 1 year, 1 to 3 years, 3 
to 5 years, 5 to 10 years, and 10 
+ years. 

Q7. 
 

Which product domains 
have you worked with? 

Checkboxes Telecommunication, mobile 
application development, 
banking, health, finance, 
education, transportation, 
automobile and others. 

Q8. What is the size of your 
organization? 

Multiple 
choice 

1-10, 11-20, 21-50, 51-100, 
101-200, 201-500 and 500+ 
employees. 

Q9. Have you ever 
participated in writing a 
research article? 

Multiple 
choice 

Yes or No 

Q10. Have you ever 
coordinated with 
academia/ researchers on 
a project or study? 

Multiple 
choice 

Yes or No 

Q11. What is your 
Nationality? 

Multiple 
choice 

List of 195 countries. 

Q12. Where are you currently 
employed? 

Multiple 
choice 

List of 195 countries. 

Q13. What was your highest 
completed diploma/ 
degree? 

Multiple 
choice 

Bachelors, Masters, M.Phil. 
/Licentiate, Ph.D., and others. 

Survey 
Questions: 
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    Q14. How frequently do you 
need the information 
regarding the following 
information needs? 

Multiple 
choice grid 

Always, very often, sometimes, 
rarely, never. 

    Q15. Which of the following 
sources do you use to 
acquire information to 
clarify the requirements? 

Multiple 
choice grid 

Always, very often, sometimes, 
rarely, never. 

   Q16. Which of the following 
sources do you use to 
acquire information 
about product design and 
architecture? 

Multiple 
choice grid 

Always, very often, sometimes, 
rarely, never. 

   Q17. Which of the following 
sources do you use to 
acquire information 
about product domain? 

Multiple 
choice grid 

Always, very often, sometimes, 
rarely, never. 

   Q18. Which of the following 
sources do you use to 
acquire information to 
learn how to code a 
specific task? 

Multiple 
choice grid 

Always, very often, sometimes, 
rarely, never. 

   Q19. Which of the following 
sources do you use to 
acquire information to 
learn how to test a 
specific task? 

Multiple 
choice grid 

Always, very often, sometimes, 
rarely, never. 

   Q20. Which of the following 
sources do you use to 
acquire information for 
understanding and 
resolving bugs? 

Multiple 
choice grid 

Always, very often, sometimes, 
rarely, never. 

   Q21. Which of the following 
sources do you use to 
acquire information for 
improving skills in a 
programming language? 

Multiple 
choice grid 

Always, very often, sometimes, 
rarely, never. 

   Q22. Which of the following 
sources do you use to 
acquire information 
regarding specific 
software tools? 

Multiple 
choice grid 

Always, very often, sometimes, 
rarely, never. 

   Q23. Which of the following 
sources do you use to 
acquire information 
regarding software 
engineering techniques 
and practices? 

Multiple 
choice grid 

Always, very often, sometimes, 
rarely, never. 

   Q24. How important are the 
following factors while 
using an information 
source? 

Multiple 
choice grid 

Extremely, very, moderately, 
slightly, and Not at all. 
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Snippet from the online questionnaire:  
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Interview Protocol: 

 
Hello ____________,  
First of all, we thank you personally for giving us the interview. 
I am ______, and he is my friend ________.  We would like to take a small 

interview regarding our master thesis topic- “software practitioners and their 
information needs” as a part of our study. The purpose of this interview is to know the 
information needs of software practitioners and the information sources they use to 
satisfy their information needs. In our study we also try to analyze the practitioner’s 
perception on available information sources.   

We assure you complete confidentiality and anonymity of data. We will not share 
any identities involving your name or your organization name. We also would like to 
record the interview besides taking the notes with your permission. It is just to make 
sure that we don’t miss any important data. The data provided by you will be used for 
aggregate analysis.  

The interview will have two steps. As a first step we would ask some general 
information and as a second step, we ask some questions regarding our topic. The total 
process would take nearly 30 minutes. 

 
General Information (Step-1):  
 

1. What is the role that you are currently responsible for as a software practitioner in the 
industry? 

2. What is the name of the organization that you are currently working for? 
3. How long have you been working for this organization? 
4. What are main tasks that you perform as a part of your work? (Development, testing, 

requirements etc.) 
5. What is your experience in the current role?  
6. What are the various roles that you have performed in the software industry? 
7. What is your total experience that you had for the roles that you are responsible for? 
8. Which companies/organizations you have previously worked for? 
9. How long have you been working in these companies? 
10. What are the product domains that you have worked with? 
11. What is the size of the organization? i.e. number of employees in working in your 

organizations? 
12. Can you tell us the size of the teams that you have worked with? 
13. What are the types of teams you currently worked with? (collocated, fully dispersed, 

distributed sub teams and partially dispersed) 
14. Have you written a research article or have you ever been a part of it? 
15. Have ever coordinated with academia while performing industrial work? 
16. Can you please tell us your nationality? 
17. What is the current location of your employment? 
18. What is the last completed diploma/ degree? 

A brief idea regarding our research topic: the scenario will be selected based on the 
interviewee.  
Scenario1: Challenge: Consider a developer, after specifying his domain of work 
 Who wants to implement a new method from an API?  
 Verify the code and logic of the written code. 
 Finding Program’s effectiveness.  
 Implementing new requirements. 



 

91 
 

 Is searching a solution for an encountered issue? 
 pick a particular solution form the available solutions. 

Scenario2: Consider a tester: who needs- 
 The information about bug fixing. 
 Information about an error. 
 Information regarding some testing tools and their usage. 
 Information regarding a newly released tool. 
 Information regarding test planning, test cases, and testing procedure specifications.  

 
These could be termed as an information needs of the developer/ tester. So, to 

satisfy these need where exactly will the developer look at? How did he satisfy his 
information need? 
E.g.: Taking online courses, attending conferences, Blogs, Magazines, video tutorials, 
Consulting experts, Community forums etc. 
Switching the interviewer (_______________) for the next step. 

Questions regarding our topic (Step-2): 
 
19. What are the information needs that you have faced in your work? Name some of 

them? 
20. How frequently have you encountered these needs? 
21. What information sources do you use to address the information needs? 
22. Are these information sources able to answer/satisfy your information needs?  
23. Is there any particular information source that you use to answer the information 

needs? 
24. Why do you prefer/ do not prefer the information sources? 
25. How would you prioritize a solution form the available solutions from different 

information sources?  
26. What aspects do you consider while preferring a particular information source? 

(aspects such as accessibility, reliability and usefulness) 
27. How do you measure these aspects? 
28. Name some of the IT magazines that you have subscribed? If not, why? 
29. Name some of the situations you have used conferences and journal articles as 

information sources? If not, why? 
30. How would you rate the information sources that you have mentioned on a scale of 1 

to 10? 
Closuring interview: Confirming and crosschecking data that was provided by the 
interviewee by summarizing the content we got.  
Request for snowball: we would request some possible contacts for further 
interviews.  

We assure you once again about the confidentiality of information that you have 
provided. Once the study is completed, we also would like to share the results with 
you. Thankyou. 
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Request for an interview.  
 

 
Sarat Chandra, sopb15@student.bth.se. Wed, Mar 30, 2016 at 12:09 PM. 
To:XXXX 

 Hello, 

I am Sarat Chandra, I am a master’s student in Software Engineering at BTH. 
Currently, I am doing my thesis with my friend Jitendra Josyula. And we are taking 
interviews of software practitioners as a part of our thesis. So, I request you for an 
appointment for the interview. The interview will be for 25 to 30 minutes. We also 
assure you that the data provided by you will be kept completely confidential. A brief 
description of our topic: 

Our topic: The topic is about the information needs that the software practitioners 
face in their daily work. In our study, we would like to study the most faced 
information needs and most used information sources by the software practitioners.  

Thanking you, 
Sarat Chandra, 
Jitendra Josyula. 
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