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Abstract of Dissertation 

Software Engineer Perceptions of Learning Facilitated by Four Asynchronous Web 2.0 
Interaction Technologies in a Software Development Environment 

Web 2.0 has transformed the way people interact in their personal and, more recently, 

professional lives.  As professionals who create a wide variety of contemporary social 

media applications, software engineers (or software developers, as they are professionally 

known) are also early adopters and frequent users of Web 2.0 tools throughout their 

regular software development work.  However, there is insufficient empirical or practical 

literature available that explores learning that is facilitated by software engineer 

asynchronous interactions via Web 2.0–supported social media technologies.  The 

purpose of this exploratory quantitative study was to investigate perceived learning by 

individual software engineers who interact with their colleagues using blogs, microblogs, 

question-and-answer (Q&A) websites, or tagging applications.  The researcher used 

Bandura’s social cognitive theory (1986) as a theoretical lens through which potential 

software engineer learning was investigated in the software development environment. 

 Study findings indicated that learning is facilitated by each of the asynchronous 

interaction technologies that were explored in this research.  Bandura’s social cognitive 

theory was supported in that learning is a process that occurs in environments far beyond 

the traditional formal classroom setting.  Learning results from the interactions of 

individuals, wherever their dynamic and reoccurring exchanges are transpired.  Analysis 

of software engineer survey responses confirmed that workplace Web 2.0 

communications transform the way people interact and learn over the course of their 

professional lives.  
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CHAPTER 1:  INTRODUCTION 

Overview 

Web 2.0 has transformed the way people interact in their personal and, more 

recently, professional lives.  As professionals who create a wide variety of contemporary 

social media applications, software engineers (or software developers, as they are also 

professionally known) are early adopters and frequent users of the developing Web 2.0 

platform.  This virtual exchange space is increasingly used by software engineers 

throughout their regular software development work.  Software developers use a variety 

of Web 2.0–supported technologies to interact with their colleagues over the course of the 

software development lifecycle (Begel, DeLine, & Zimmerman, 2010; Black, Harrison, 

& Baldwin, 2010; Black & Jacobs, 2010; Bougie, Starke, Storey, & German, 2011; 

Guzzi, Pinzger, & Van Deursen, 2010; Pagano & Maalej, 2011; Tian, Achananuparp, 

Lubis, Lo, & Lim, 2012; Treude, 2012). 

There is a growing trend in the constant demand for relevant information in the 

knowledge economy.  This tendency is demonstrated by an explosive growth in the 

number of people who have used social media technologies in their quest for new 

information, their desire to share information, and their need to learn from others (Kaplan 

& Haenlein, 2010).  Four popular methods of interaction using current social media via 

the Web 2.0 platform include blog dialogue (Park, Heo, & Lee, 2011), microblog 

dialogue (Ebner, Lienhardt, Rohs, & Meyer, 2010), question-and-answer (Q&A) websites 

(Harper, Raban, Rafaeli, & Konstan, 2008), and tagging applications (Treude & Storey, 

2012).  Asynchronous conversations that take place in this virtual Web 2.0 space have 

increasingly become an accepted means for effective interaction in professional settings 
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(Begel et al., 2010; Mamykina, Manoim, Mittal, Hripcsak, & Hartmann, 2011; Treude & 

Storey, 2012). 

The demand for relevant information is particularly great for technology 

professionals (Drucker, 1999).  Software engineers are a growing category of the 

workforce of the information age who use Web 2.0 applications in their software 

development work environments to communicate with their peers (Chatti, Dahl, Jarke, & 

Vossen, 2008).  Characterized as professionals who are highly dependent on an ability to 

collaborate with colleagues, successful software engineers will be those who can 

effectively interact with others to access the specialized expertise of their peers (Begel et 

al., 2010).  While Web 2.0 facilitates software engineer access to novel information 

sources, it also enables a structural shift in the flow of information, which changes the 

way individuals interact and learn (O’Reilly, 2007). 

The global transition that marked the end of the industrial era precipitated 

contemporary information requirements in the technology-driven economy and is the impetus 

for change in the way the world learns.  Workers of the new economy will be required to 

continually renew their expertise to remain relevant (Drucker, 1999).  As a growing segment 

of this workforce, today’s software engineers can improve their professional relevancy with 

active and ongoing professional skill renewal (Tymon & Stumpt, 2003).  The continuous peer 

interactions that are required throughout ongoing software development processes should 

therefore be investigated as a foundation for dynamic reeducation of these professionals. 

The most recent forms of Web 2.0 suggest that we are reaching a turning point in 

the way technology is used to interact with others.  For example, technologies that 

support blog and microblog interactions have been described as tools that offer expanded 
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possibilities for learning (Park et al., 2011; Woo & Wang, 2009; Ebner et al., 2010).  This 

new culture began to emerge a decade ago to reshape software development practices that 

occur on the social media infrastructure where Q&A websites and tagging applications 

are also widely accessible (Mockus, Fielding, & Herbsleb, 2000).  These “new forms of 

contribution and collaboration have the potential to redefine how developers learn, 

preserve, and communicate knowledge” about their profession (Parnin, Treude, 

Grammel, & Storey, 2005, p.1).  The trends in today’s ever changing professional 

software development environment therefore require forward thinking in the way 

software engineers learn.  An examination of their asynchronous Web 2.0 interactions 

should provide insight into learning possibilities for software engineers.  The intersection 

of each of these trends provided the foundation on which this study was developed. 

According to Bandura’s social cognitive theory (1986), an individual learns by 

interacting with others, especially where there is a relationship.  However, there is 

insufficient empirical or practical literature available that explores the relationship of 

software engineer Web 2.0 interactions and their individual perceptions of learning.  The 

researcher therefore used the three dimensions of social cognitive theory as a foundation 

to guide an investigation of the triadic reciprocal relationships between the personal 

factors of individual software engineers and their asynchronous Web 2.0 behaviors that 

occur within the software development environment.  For this study, perceptions of 

learning was defined by the study participants according to their individual self-reported 

learning as pre/post learning assessments were not administered.  This exploratory 

quantitative study was conducted to contribute to the growing body of software engineer 

learning literature. 
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Statement of the Problem 

Zhao & Rosson (2009) suggested that participation in blog and microblog 

discussions might play an important role in team member interactions.  Two years later, 

other researchers confirmed the importance of blog and microblog interactions by 

software engineers in the completion of a variety software development tasks (Pagano & 

Maalej, 2011; Begel et al., 2010; Nielsen Company, 2010; Guzzi et al., 2010; Treude & 

Storey, 2010).  As leading researchers in the Web 2.0 technologies used by software 

engineers, some of the same scholars have also indicated the utility of Q&A websites to 

effectively facilitate information exchange between programmers and build rich 

repositories that contribute to the software development body of knowledge (Treude, 

Barzilay, & Storey, 2011).  Many of these researchers recognize the advantages that 

tagging technology provides software engineers to annotate source code and share 

information with their team members across the software development life cycle (Storey 

et al., 2009).  However, scholars have only begun research that investigates learning as a 

part of software engineer interactions using these Web 2.0 applications. 

Despite evidence of increasing use of asynchronous interaction technologies for 

learning in formal education environments, there is a growing research interest in the use 

of these technologies for learning in informal learning settings of the workplace (Ebner et 

al., 2010; Grace, Zhao, & Boyd, 2010; Storey, Treude, Van Deursen, & Cheng, 2010).  A 

similar interest exists in the literature, as noted in the writings of authors who have 

investigated Web 2.0 interactions as a learning source in higher education (Ellison & Wu, 

2008; Williams & Jacobs, 2004).  Additional research is therefore necessary to better 
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understand learning as a result of blogs, microblogs, Q&A exchanges, and tagging 

behaviors in the software development workplace. 

Purpose Statement 

This survey study explored software engineer perceptions of learning using blogs, 

microblogs, Q&A websites, and tagging applications in the context of a software 

development environment.  It addressed the lack of research conducted to date that 

investigates learning on emerging interaction platforms by professionals in high-

technology workplace settings. 

Research Questions 

Several suppositions about the nature of software engineer Web 2.0–supported 

interactions using blogs, microblogs, Q&A websites, and tagging applications underlie 

this research.  It was assumed that software engineers had an implicit understanding 

about the nature of the sequence of exchanges with their peers in a virtual dimension.  

Similar to software engineer interactions that take place in a three-dimensional 

environment, interactions that were transpired in the Web 2.0 space using any of the four 

technologies that were investigated here occurred asynchronously where one software 

engineer action necessarily followed another. 

This study focused on the following research questions: 

1. Is there a difference in perceived learning between software engineers who 

frequently use asynchronous Web 2.0 interaction technologies (i.e., blogs, 

microblogs, Q&A websites, or tagging applications) and those who do not 

frequently use them? 
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2. Are variables (such as frequency of use, years of software engineering 

employment, software industry field, age, gender, or level of education) related to 

perceived learning using blogs? 

3. Are variables (such as frequency of use, years of software engineering 

employment, software industry field, age, gender, or level of education) related to 

perceived learning using microblogs? 

4. Are variables (such as frequency of use, years of software engineering 

employment, software industry field, age, gender, or level of education) related to 

perceived learning using Q&A websites? 

5. Are variables (such as frequency of use, years of software engineering 

employment, software industry field, age, gender, or level of education) related to 

perceived learning using tagging applications? 

These questions addressed the study purpose and the problem statement. 

Statement of Potential Significance 

The Web 2.0 platform promises new opportunities for knowledge workers to 

engage in ongoing workplace interactions (Chatti et al., 2008).  Because software 

developers will continue to drive the course of the knowledge economy (Drucker, 1999), 

there is a need to better understand the impact of Web 2.0–supported interactions—

specifically blogs, microblogs, Q&A website dialogue, and tagging annotations—in 

today’s high-technology software development workplace settings.  Tymon and Stumpt 

(2003) stressed that the success of knowledge workers, including software engineers, will 

increasingly depend on how quickly these workers access and evaluate relevant 

information for learning purposes.  However, limited research is available that addresses 
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learning in workplace environments via asynchronous exchanges on each of these 

Internet-supported technologies. 

This study will contribute to bridging the gap in the learning literature and help 

practicing software engineers understand the usefulness of asynchronous Web 2.0–

supported interactions in software development environments.  It will give a voice to the 

early adopters among them by communicating their workplace blog, microblog, Q&A 

website, and tagging behaviors and possible learning experiences to their software 

engineer colleagues who have yet to embrace these newer exchange opportunities in their 

software development practices.  Finally, it will contribute to the gap in the literature and 

help practicing software engineers understand the potential of Web 2.0 to transform the 

nature of their workplace interactions in ways that enable continual knowledge and skills 

renewal. 

Theoretical and Empirical Foundation 

The researcher drew from previous empirical and theoretical literature sources to 

validate the relationships of the concepts investigated in this study.  The first of these was 

derived from an empirical study completed by Park, Heo, and Lee (2011), whose research 

supported the hypothesized relationship between blog behavior and perceptions of 

learning.  A second framework was provided by an empirical instigation by Ebner, 

Lienhardt, Rohs, and Meyer (2010), whose research supported the hypothesized 

relationships between microblog behavior and informal and process-oriented learning.  

These researchers asserted that microblogging should be seen as a completely new 

interaction mechanism that can support learning in the workplace. 
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Hone, Taylor, Wynick, Viscardi, and Gostling (2011) added to this foundation 

with a recent study of student interactions on Q&A websites.  This technology provided 

students the “greatest opportunity to engage with subject matter experts who provided 

timely, up-to-date, and authoritative answers to current questions, while the archive of 

previously answered questions continues to provide a substantial and constantly growing 

and increasingly comprehensive online resource” (p. 154).  However, some limitations 

with the Q&A website technology were documented (e.g., no opportunity for the 

development of new ideas through interactions with the expert once they were no longer 

available to the students). 

An additional contribution to the framework was provided by a study designed to 

investigate the potential of collaborative tagging in a formal learning environment.  

Bateman, Brooks, McCalla, and Brusilovsky (2007) reported that “[student] tagging 

represents an action of reflection… that is based on the tagger’s experiences and beliefs.  

When tags were analyzed in terms of classical Bloom’s Taxonomy of Learning, student 

learners showed evidence of increased knowledge and comprehension” (p. 7). 

Each of these studies indicated that learning is facilitated by the selection of 

asynchronous interaction technologies that were explored in this study.  They provided 

evidence that learning is not confined to the traditional boundaries of a formal classroom 

setting.  Learning that occurs within the virtual dimension of Web 2.0 may be possible in 

informal learning environments, including the workplace of the knowledge worker.  It is 

within this context that the researcher pursued an investigation of learning by software 

engineers who employ these interaction technologies in the software development 

environment. 
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Finally, Albert Bandura’s (1986) social cognitive theory was used in the current 

research to understand adult learning as it relates to software engineer behaviors and 

personal factors in the software engineer workplace. 

Social Cognitive Theory as a Theoretical Underpinning 

A variety of adult learning theories are found in the literature that provide 

assumptions about what knowledge is, how it evolves, and where knowledge resides 

(Lave & Wenger, 1991; Marsick & Watkins, 2001; Merriam, 2001; Mezirow, 1991).  

Scholars and practitioners have continued to develop theoretical, empirical, and practical 

investigations to better understand the multifaceted processes that underlie the human 

social and cognitive experiences that contribute to the complex phenomenon called 

learning.  A central tenet of social cognitive theory is that learning occurs in a social 

context and is shaped largely by what an individual observes.  Bandura’s social cognitive 

theory described the triadic reciprocality between the personal, behavioral, and 

environmental factors that influence each another bidirectionally.  His Reciprocal 

Determinism Model, as shown in Figure 1 (Bandura, 1986), depicts the dynamic 

interactions between these factors.  These interactions are the source of learning. 

Figure 1: Reciprocal Determinism Model (Bandura, 1986) 
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Definition of Learning 

For this study, human learning was defined as a dynamic continuum of personal 

development that occurs as a product of the interactions within the three components of 

environmental, behavioral, and personal factors (Bandura, 1986).  Thus, social cognitive 

theory provided an appropriate lens through which learning could be recognized in a 

software development environment where software engineers engage in a continual 

process of blogging, microblogging, Q&A website discussions, and tagging interactions 

with one another throughout the software development process. 

Summary of the Methodology 

This quantitative study used an online electronic survey as the data collection 

instrument.  Survey research design is an appropriate investigative strategy when the 

objective is: 

to answer questions that have been raised, to solve problems that have been posed 

or observed, to assess needs and set goals, to determine whether or not specific 

objectives have been met, to establish baselines against which future comparisons 

can be made, to analyze trends across time, and generally, to describe what exists, 

in what amount, and in what context. (Isaac & Michael, 1997, p. 136) 

Three distinguishing characteristics have been identified about survey research 

methodology.  Survey research is used in quantitative investigations to describe a given 

population through an examination of relationships among the specific study variables.  

Survey data are subjective because they are collected from individuals whose perceptions 

are influenced by their particular experiences and environmental influences.  Another 
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quality of survey research is that it gathers information from a sample in order to make 

generalizations for the larger population (Kraemer, 1991). 

This dissertation posed questions about software engineers’ learning as it related 

to their blog, microblog, Q&A website, and tagging behaviors throughout the software 

development process.  Accordingly, this study used t-tests of means to examine the 

differences in perceived learning between software engineers who are categorized as 

frequent users of blogs, microblogs, Q&A websites, and tagging applications and those 

who are not frequent users of these interaction technologies.  Multiple regression 

analyses and bivariate correlations were used to evaluate relationships between the study 

variables.  Perceived learning, the dependent variable, was predicted from the six 

independent variables of interest.  An adapted online survey was used to capture 

participants’ self-reported perception of learning and sense of community as it is 

facilitated by blog, microblog, Q&A website, or tagging application interactions.  (Sense 

of community was not a focus of the current study).  This questionnaire consisted of 

items on a five-point Likert scale (from 5, strongly agree, to 1, strongly disagree). 

Assumptions 

The researcher assumed that the software engineers participating in this study 

would accurately report their: 

1. Frequency of use of blogs, microblogs, Q&A websites, and tagging applications 

in their software development tasks 

2. Years of software engineer employment 

3. Software development employer type 

4. Age, gender, and level of education 
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5. Perceptions of the usefulness of blogs, microblogs, Q&A websites, and tagging 

applications for learning throughout the software development lifecycle 

6. Sense of community as facilitated by blog, microblog, Q&A website, and tagging 

application interactions 

The researcher also assumed that, as creators of emergent and innovative 

technologies, the software engineers included in this study were early adopters of social 

media, including the four asynchronous Web 2.0 interaction technologies that were the 

focus of this research.  The participating software engineers were assumed to have a 

proclivity to use these information exchange modalities with their colleagues.  They were 

also assumed to have attained various educational achievements from high school and 

beyond.  Furthermore, participating software engineers were assumed to be more inclined 

to use social media for workplace purposes than professionals in nontechnology–driven 

industries.  No formal prior training in the use of the study technologies or other social 

media was anticipated.  Lastly, the boundaries of the software development environment 

were assumed to extend to the virtual location of every member of a software engineering 

community, whether the members were collocated or separated by time or geographical 

distance.  This environment was the space—physical or virtual—where the software 

engineering–related interactions transpired. 

Delimitations 

Delimitations establish boundaries that constrain the scope of the research effort 

(Ellis & Levy, 2009).  Survey participants were members of identified forums, users of 

particular software developer websites, professional colleagues of the researcher, or 

professionals affiliated with the researcher’s associates; therefore, this study precluded 
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software engineers who were not connected with any of these targeted networks.  

Generalization to software engineers who were members of private forums or other 

professional networks to which the researcher did not have access, may not be warranted.  

Additionally, the survey was available in English only, thereby precluding participants 

who did not speak English. 

Limitations 

Every study has potential weaknesses that cannot be adequately corrected or 

controlled (Creswell, 2005).  Researchers must therefore recognize and describe 

weaknesses in their investigations as limitations that threaten the internal validity of their 

study.  Describing these weaknesses helps other researchers “judge to what extent the 

findings can or cannot be generalized to other people and situations” (Creswell, 2005, p. 

198). 

A weakness of this study is the nonprobability sample selection methodology.  

The convenience sampling strategy employed in this research might lead to systematic 

biases between what was observed in the respondent sample and theoretical expectations 

of the larger population of professional software engineers.  Additionally, this study 

utilized a subjective measure, perceived learning, as its dependent variable.  However, 

perceived learning could be problematic not only because it is a self-reported construct, 

but also because it is likely to evolve over the course of one or more software engineer 

asynchronous Web 2.0 interactions.  Selection bias was also an issue in this study of 

voluntary participants, who were likely to be different from non–volunteers because 

volunteers tend to be more motivated and concerned about the focus of the research in 

which they agree to participate (Hartman, Forsen, Wallace, & Neely, 2002).  Finally, 
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members of the subject matter expert panel who evaluated the effectiveness of the 

adapted survey instrument were professional associates and may not truly represent 

universally accepted expert opinion. 

Key Terms and Definitions 

Table 1 provides definitions of key terms that were relevant to this study. 
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Table 1:  Terms and Definitions 

Term Definition Source 
Asynchronous Not occurring at the same time.  

Asynchronous interactions occur in a 
delayed time and do not require the 
simultaneous participation of others. 

Johnson 
(2006) 

Behavior The capability to perform and the 
knowledge to understand what the action 
means. 

Bandura 
(1977) 

Blogs 
(also called 
weblogs) 

A personal journal of discrete thematic entries 
(“posts”) written by a single or group of 
authors that is published on the World Wide 
Web and updated in reverse-chronological 
entries on a single Web page.  Blog can also 
be used as a verb, meaning to maintain or add 
content to a blog. 

Blood 
(2004 & 2000) 

Cognitive One of the three distinctively human 
capabilities that contribute to Bandura’s social 
cognitive perspective.  Cognitive capabilities 
consist of the ability to symbolize, plan 
alternative strategies (forethought), learn 
through vicarious experience, self-regulate, and 
self-reflect. 

Pajares 
(2002) 

Determinism The infinite variety of nonlinear effects of 
factor interactions. 

Bandura 
(1986) 

Discussions Asynchronous Web 2.0 interactions that 
broadcast, communicate, convey, deliver, 
inform, relay, send, transfer, or transmit 
information using blogs, microblogs, Q&A 
websites, and tagging applications. 

Treude 
(2011) 

Environment The physical or virtual space that provides 
opportunities and social support. 

Parraga 
(1990) 

Interaction “Reciprocal events that require at least two 
objects and two actions.  Interactions occur 
when these objects and events mutually 
influence one another” (p. 8).  Software 
engineers interact in the Web 2.0 environment 
in one of two ways:  (1) seeking information or 
(2) sharing information. 

Wagner 
(1994) 
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Term Definition Source 
Learning A dynamic continuum of personal development 

that occurs as a product of the interactions 
within the three components of environmental, 
behavioral, and personal factors. 

Bandura 
(1986) 

Microblogs A new form of blogging; a simple web 
communication form composed of short 
written messages restricted to 140 characters. 

Ebner et al. 
(2010) 

Perception of 
learning 

Defined by the study participants according to 
their individual self-reported learning as 
pre/post formal learning assessments will not 
be administered. 

Halic, Lee, Paulus 
& Spence 

(2010) 

Psychosocial Involving aspects of both social and 
psychological behaviors. 

Webster's New 
World College 

Dictionary 
(2012) 

Q&A website A Web 2.0 platform for questions aimed at an 
audience of software engineers who are 
members of the larger professional community 
and not necessarily local project members. 

Treude, Barzilay 
& Storey 
(2011) 

Reciprocal Involving a shared interchange between two or 
more model factors; the mutual action between 
events rather than in the narrower meaning of 
similar or opposite counteractions). 

Bandura 
(1977 & 1986) 

Social media Applications supported by Web 2.0 
technologies that provide tools for 
communication between individuals or groups 
of people, who gather and share resources, 
collaborate, and collect and index information 
to create and aggregate new knowledge for 
delivery to various platforms. 

Owen, Grant, 
Sayers, & Facer 

(2006) 

Software 
engineer 

Also known as a software developer, a 
professional engineer schooled and skilled in 
the discipline of design, creation, testing, and 
implementation of software. 

Boehm 
(2006) 

Tagging 
Applications 

Web 2.0 supported applications that consist of 
three main components:  tag users, tags, and 
the objects being tagged. 

Treude & Storey 
(2012) 

Tags Freely chosen key words assigned to a piece of 
information.  In software development, tags are 
used to annotate resources such as source files 
or test cases. 

Treude 
(2011) 
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Term Definition Source 
Web 2.0 Associated with the emergence of Internet 

applications created since 2001 that are 
characterized by a variety of user-generated 
content.  Applications on this platform 
“harness network effects that get better the 
more people use them” (p. 22). 

O’Reilly 
(2007) 

World Wide 
Web 

A subset of the Internet that consists of pages 
that can be accessed using a Web browser; the 
actual network of networks where all the 
virtual information resides.  The WWW is not 
a synonym for the Internet. 

TechTerms 
(n.d.) 

Organization of the Dissertation 

Four additional chapters are included in this dissertation.  Chapter 2 will provide a 

summary and synthesis of empirical and theoretical literature and is organized around the 

three central research constructs:  (1) asynchronous Web 2.0 interaction technologies, (2) 

professional software engineers, and (3) individual learning.  Chapter 3 will discuss the 

exploratory quantitative research methodology that was used in this study.  A validated 

survey instrument was distributed to software engineers who met the above described 

inclusion criteria.  Appropriate quantitative analysis was completed on a statistically 

significant number of returned surveys.  The survey instrument was used to collect 

information about individual software engineer perception of learning and sense of 

community as facilitated by blogs, microblogs, Q&A websites, and tagging applications, 

and six software engineer variables.  A discussion of the theoretical framework that 

informed the research inquiry, methodology, and statistical analysis procedures will 

conclude the chapter.  Chapter 4 will present a summary and analysis of the survey data 

to answer each of the research questions.  An interpretation of the research results will be 

presented in Chapter 5.  This final chapter will also present a study conclusion and 

recommendations for future investigations. 
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CHAPTER 2:  LITERATURE REVIEW 

This chapter examines the three central constructs that framed this research:  (1) 

asynchronous Web 2.0 interaction technologies, (2) professional software engineers, and 

(3) individual perceptions of learning.  The review begins with a discussion of each 

construct, with an effort to draw attention to similarities and differences among the most 

important published researchers and also between these resources and the present 

investigation. 

With a focus on answering the research questions, the literature search and 

analysis was guided by a fundamental inquiry into potential perceptions of learning 

facilitated by software engineer interactions using one of four social media technologies.  

An exploration of relevant theoretical and empirical literature produced over several 

years was completed.  A synthesis of these sources indicated a need to investigate the 

value of professional interactions that occur in the Web 2.0 space as a potential learning 

platform for software engineers.  Additionally, this synthesis helped to further define the 

research problem, articulate the research questions, and guide the research methodology.  

The chapter concludes with a review of the theoretical underpinning that provided a 

foundation for the study based upon a social constructivist research perspective. 

Literature Review Methods 

The researcher used the George Washington University library system extensively 

to search a wide variety of library resources, including journal and newspaper articles, 

books, e-books, and special collections material.  The researcher developed a list of key 

terms and synonyms (see Table 2) to navigate several scholarly, peer-reviewed literature 

repositories, including several EBSCO databases (Academic Search Premier, Business 
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Source Complete, Business Source Premier, Educational Abstracts, and ERIC), a 

PROQUEST database (ABI/INFORM), Google Scholar (an Internet source for scholarly 

publications, articles, theses, books, and abstracts from a variety of academic disciplines 

and publishers, professional societies, online repositories, universities, and other 

websites), and the Proquest Dissertations and Theses Online database. 

Table 2:  Key Research Terms 
Software Engineer  Web 2.0  Learning Interaction 

Computer Programmer 

Computer Scientist 

Development Practices 

Development Team 

Early Adopters 

High-Technology 

Information Technology 

Knowledge Worker 

Software Architect 

Software Developer 

Software Practitioners 

Software Programmer 

Technology Developer 

Technology Employee 

Technology Engineer 

Applied Technology 

Computer Mediated 

Global 

Internet 

Micro Blog 

Networked 

Platform 

Social Computer 

Technology 

Social Media 

Social Web 

Technology 

Techno-Social System 

User Centric 

Virtual 

Web Blog (blog) 

Web Sites 

World Wide Web 

Bandura 

Cognition 

Collaboration 

Communication 

Cooperation 

Dynamic 

Emergent 

Informal 

Interaction 

Knowledge 

Perceived 

Perception 

Self-Reported 

Social 

Technology Enhanced 

Asynchronous 

Bulletin Board 

Chat 

Collaboration 

Communication 

Community 

Conference 

Dialogue 

Discussion 

Electronic 

Forum 

Group 

Information Seeking 

Information Sharing 

Q&A Website 

Mail 

Message Board 

Online 

Tag 

Web Discussion 

Researcher Perspective 

The researcher took a social constructivist view of knowledge creation, a 

perspective that emphasizes culture and context in the investigation and understanding of 

interactions within particular environments (Derry, 1999; McMahon, 1997).  Social 
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constructivism is closely associated with many contemporary learning theories, including 

Bandura’s social cognitive theory, and is founded upon specific assumptions about 

reality, knowledge, and learning (Shunk, 2000, as cited in Kim, 2001).  To investigate 

potential learning from a social constructivist perspective, it is important to understand 

the contributions of these assumptions.  First, social constructivists believe that reality 

emerges from and is defined by human activity (Kukla, 2000).  Second, social 

constructivists believe that knowledge and meaning are socially and culturally 

constructed through interactions with others in particular environments (Ernest, 1998; 

Gredler, 1997; Prawat & Floden, 1994).  Third, learning from a social constructivist 

perspective is an ongoing process that requires active individual engagement, 

participation, and exchange within a sociocultural context (Doolittle & Camp, 1999).  

Learning is therefore a “truth that is not to be found inside the head of an individual 

person, it is born between people collectively searching for truth, in the process of their 

dialogic interaction” (Bakhtin, 1984, p. 110). 

Rationale for Focusing on Software Engineers as a Research Population 

In 2004, the U.S. Bureau of Labor Statistics reported that there were over 700,000 

nationally employed software engineers.  Many of these professionals were working as 

business employees or contractors who supported particular corporate projects, 

government (local, state, federal, or defense) agencies, and nonprofit organizations (U.S. 

Department of Labor, 2012-13a).  Employment opportunities for software engineers were 

projected to grow 30 percent annually until 2020.  The Bureau of Labor Statistics 

reported that this growth rate exceeded the average anticipated expansion for any other 
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professional occupation and that computer science–related occupations were projected to 

add over three-quarters of a million jobs by 2016 (U.S. Department of Labor, 2012-13a). 

Continued year occupational growth is attributed to an ever increasing demand in 

the variety of software applications that will support industry requirements, consumer 

expectations, and the integration of increasingly sophisticated technologies by 

organizations into their products (Dohm & Schniper, 2007).  Additionally, the variety of 

software applications that will be developed by software engineers over the next decade 

will multiply as the number of products that use software applications increases, 

including consumer electronics, mobile devices, automobiles, appliances, and other 

products that are now computerized (U.S. Department of Labor, 2012-13b), as depicted 

in Figure 2. 

Figure 2:  Software Developers Percent Change in Employment 

 

Because software engineering is projected to see sustained growth over the 

coming decades, there is a need to understand the development of the profession, how 

this development has shaped the characteristics of current software developers, how new 
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technologies are used by software engineers to interact throughout the software 

development lifecycle, and how learning can be facilitated through Web 2.0–enabled 

social media interactions. 

Origins of Software Engineering 

The genesis of the computer is difficult to determine because there appears to be 

significant gaps and conflicting interests in the literature (Harris, 2003).  At the beginning 

of WWII, a German construction engineer was accredited as the “inventor of the modern 

computer,” the first electronic device capable of completing lengthy engineering 

calculations automatically (Bellis, 2012).  Conversely, the U.S. Army was the first 

American organization to claim the invention, as was noted in a 1946 public 

announcement (Winegrad, 1996).  Establishing a clear history of the computer is also 

problematic because of the length of time it took to develop a working prototype 

(Shannon, 1940). 

Early computer models changed radically over the many decades of conceptual 

progression and included the contributions of academics, engineers of various types, and 

other scientific inventors, each of whom was motivated by military strategy, patriotism, 

nationalism, or commercial advantage (Harris, 2003).  The first modern digital computers 

were operable by hardwire instructions via switch settings or leads patched directly into 

the machines (Brynjolfsson & Hitt, 2000).  Engineers/operators quickly rejected the 

inflexibility of this hardwire design, opting instead for a stored program architecture 

called the von Neumann architecture solution (Ganesan, 2009). 
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The Transformation of the Hardware Engineer 

The origins of present day software engineering are rooted in the hardware 

engineering methodology of stored computer program architecture developed during the 

1950s.  Instructions written to operate the first modern digital computers were composed 

by hardware engineers or mathematicians.  Although these professionals had years of 

formal training in machine design and construction, they were subsequently tasked to 

write machine code to make the hardware operational (Boehm, 2006).  In the 1960s, 

industry professionals discovered that “software phenomenology differed from hardware 

phenomenology in significant ways”; specifically, software application development and 

maintenance proved much more complicated than hardware application development and 

maintenance (Boehm, 2006, p. 13). 

It was not until the first international conferences were held to discuss software 

engineering that the term “software engineer” was used. This marked the beginning of the 

recognition of the software engineer as a knowledge worker—separate from the hardware 

engineer (Randell, 1996).  Based on his historical analysis of the development of 

software engineering, Campbell-Kelly (1995) asserted that the software industry and the 

profession of software engineering following stored computer program architecture 

would continue to experience tremendous growth throughout the next several decades 

with the rise of demand for personal computers.  National attention in the budding 

computer engineering industry fueled considerable government, defense, academic, 

aerospace, and commercial investments to chart the directions for future evolution 

(McGill, 1984). 
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Despite the realization of a worldwide demand for personal computers and an 

emerging group of professional engineers to make computers useful, there was no 

specialized training for software developers.  No standard curriculum would be 

formalized in the United States to address this gap in training for another 20 years.  

Software engineering education gradually gained prominence at the university level over 

three major phases.  The first phase included only freestanding courses prior to 1978, 

while the next decade included some post-baccalaureate graduate programs.  Since the 

early 1980s, the Software Engineering Institute (SEI) has been instrumental in promoting 

the rapid development of the educational programs in a way that transformed and 

legitimized curriculum for professional software engineers (Shaw, 2000).  The SEI has 

also advanced principles and practices for the industry, thereby giving better definition to 

software engineers—an emerging technology-focused knowledge worker (Software 

Engineering Institute, 2012). 

The Emerging Technology-Focused Knowledge Worker 

According to Drucker, “Knowledge workers are rapidly becoming the largest 

single group in the work force of every developed country” (Drucker, 1999, p. 83).  

Drucker furthermore states that the success of the knowledge economy will depend upon 

the success of the knowledge worker.  Other authors support and extend Drucker’s 

premise, adding that the success “for the growing number of knowledge workers will be 

determined not just by what they know, but by how fast they can learn and share their 

learnings” (Tymon & Stumpt, 2003, p. 12).  In this context, success of the knowledge 

worker will be based on the ability to access and evaluate quality information from a 

potentially exponential inventory of irrelevant sources.  Consequently, knowledge 
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workers will be required to maintain relevant skills and tools expertise, but must also 

demonstrate a high degree of adaptive problem solving in dealing with the technology 

and people in their work environments (Tymon & Stumpt, 2003).  Emerging social media 

technologies provide promising new opportunities for knowledge workers to interact with 

their peers by engaging in continual reeducation activities that refine and renew their 

knowledge base (Chatti et al., 2008). 

A summary of the progression of the software engineering literature is depicted in 

Table 3. 
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Table 3:  History of Software Engineering 

Year Author Significance 
1969 Naur & Randell Described the first NATO conference to discuss 

and inform policymakers about the software 
industry; software design, production, 
implementation, distribution, service, and 
maintenance; and education and certification of 
software engineers. 

1984 McGill Described how interest in the concepts and 
methods of software engineering increased and, 
subsequently, how many companies began to 
implement organization-based training 
programs to prepare their software development 
employees for the flourishing information 
technology industry. 

1995 Campbell-Kelly Developed a model of the software industry 
based on historical principles.  The role of the 
U.S. government in domestic and international 
computer and software markets is discussed.  

1996 Winegrad Traced American involvement in the evolution 
of the computer industry from the military needs 
of WWII to academic designs of 
electromechanical instruments. 

2000 Shaw Provided a theoretical perspective of formal 
software engineer education and urged the need 
for clarification of software developer roles, 
credentials, and education and training. 

2004 IEEE Computer 
Society 

Presented the first baseline body of knowledge 
for the field of software engineering.  The new 
understanding promoted theory and practice 
advancements in software engineering. 

2006 Sugumaran, Park, 
& Kang 

Defined software engineering as the integration 
and application of mathematics, computer 
science, and software development practices. 

2006 Boehm Identified major software experiences and the 
underlying phenomena influencing the 
evolution of software engineering practices. It 
also discussed major sources of industry change 
on new practices. 

2007 Laplante Defined software engineering as a systematic 
approach to the analysis, design, assessment, 
implementation, testing, maintenance, and 
reengineering of software—that is, the 
application of engineering to software. 
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Characteristics of Software Engineers 

In his seminal work on the characteristics of software engineers, Brooks (1975) 

described software development as a very complex and highly social profession almost 

40 years ago.  Couger and Zawacki (1978) described the developing occupation as one 

that is frequently pursued by professionals who take ownership in workplace 

accomplishments.  Bartol and Martin (1982) completed a comprehensive review of the 

software engineering literature and found that these professionals appeared to: 

• Have a high need for achievement and growth and a need for achievement that 

seemed to be higher than levels in many comparable professions; 

• Place less emphasis on financial compensation, but value salary as an 

indicator of occupational success; 

• Be more satisfied in situations where their pay matched their perceived 

achievements, particularly as it related to the perceived pay and the 

achievements of others around them. 

In an empirical study that investigated their occupational motivations, Couger and 

McIntyre (1987-88) confirmed that software engineers have a need for professional 

growth and that they seek jobs that are rich in the factors that keep them motivated.  

Although motivation is an important characteristic of successful software developers, it 

was argued by another scholar that further development of the profession was required.  

Shaw (1990) stated that software engineers must incorporate five practices to ensure 

professional rigor: 

• Understand the increasingly complex nature of their expertise 

• Recognize and adopt new ways to get critical information 
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• Encourage good software development practices 

• Expect professional specializations 

• Improve interaction practices with researchers and practitioners. 

By 1999, the Institute of Electrical and Electronics Engineers and the Association 

for Computing Machinery (IEEE Computer Society, 2004) Joint Task Force on Software 

Engineering approved a code of ethics for software developers.  These standards 

advanced the ethically responsible relationships in which individuals, groups, and 

organizations participate and establish professional obligations for and within the 

industry (Gotterbarn, Miller, & Rogerson, 1999). 

As the profession continued to evolve, software development professionals grew 

more engaged in social processes that included a wide range of “rapidly changing human-

based knowledge intensive activities that involve many people working in different 

phases and activities within the product lifecycle” (Ras, Avram, Waterson, & Weibelzahl, 

2005).  In the maturing process of the profession, researchers began to identify 

characteristics of the professionals of this recently established occupation.  Beecham, 

Baddoo, Hall, Robinson, & Sharp (2007) found that software engineers were motivated 

to solve problems, to benefit others, and to address technical challenges.  Begel et al. 

(2010) described the characteristics of the software development social processes as 

“highly dependent on engineers’ abilities to find and connect with individuals who share 

similar goals and complementary skills…during the entire software lifecycle” (p. 1).  

Scholars have described the complicated social processes of software development, 

noting the contributions of individual software engineers to collective project goals 

(Black et al., 2010; Ko, DeLine, & Venolia, 2007; Ras et al., 2005). 
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Begel et al. (2010) described software developers as professionals who engage in 

ongoing communication interactions.  This description was supported by Reinhardt 

(2009), who asserted that software engineers “are embedded in a social framework of 

colleagues, projects and organizations and produce many types of artifacts for a broad 

spectrum of people” (p. 329).  Effective communication is also critical throughout the 

progression of software development initiatives, especially in groups where individual 

software engineers gather project information, share vital expertise, and develop new 

strategies to create functioning products (Reinhardt, 2009).  With each software engineer, 

effective communication often requires impromptu or informal conversations.  Reinhardt 

(2009) described this kind of ad hoc communication as an important part of the daily 

work of software engineers.  It provides the software engineer an easy and adaptable 

means to converse with team members while traditional communication modalities may 

not support the social requirements demanded in a complex software development 

environment (Reinhardt, 2009). 

Coordinating the interactions of members of a software engineering team is a 

challenge for software developers who require successful consensus building, an 

expensive and time-intensive endeavor dependent upon the timely interchange of relevant 

project information (Ko et al., 2007).  Software engineers frequently interact with team 

members throughout their daily software development tasks to face challenges, tackle 

problems, find solutions, and plan software development work (Chatti et al., 2008; 

Gonçalves, De Souza, & González, 2011; Begel et al., 2010).  These interactions were 

emphasized more recently in the Gonçalves et al. (2011) study.  Their analysis generated 

tentative explanations about the daily work interactions of software developers.  Software 
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developers choose to interact with their colleagues when they need information to better 

understand software code, design decisions, and understand the status of others’ software 

development activities and progress (Gonçalves et al., 2011). 

Successful software engineers consider the specialized skills of their colleagues, 

are prepared to share their expertise with others, and organize their participation in 

collectively meaningful and productive ways throughout the lifecycle of software 

development projects (Begel et al., 2010).  For any software project, software engineers 

must continually negotiate a balance between purpose, usability, and functionality 

through interactions with their fellow programmers and end users (Black & Jacobs, 

2010).  Additional complexities are presented as software engineers are both early 

adopters (Black et al., 2010) and creators of new communication technologies (Begel et 

al., 2010). 

Software engineer tasks vary widely according to the organization and project 

requirements.  In some organizations, software engineers might act as specialists 

responsible for very specific tasks within the software development process.  In other 

organizations, software engineers might be expected to participate in all software 

development processes or to assume several software development roles simultaneously 

(Bureau of Labor Statistics, 2012-13).  Research that investigates the characteristics and 

qualities of software engineer information exchanges throughout the software 

development process is therefore required.  As an important segment of the knowledge 

economy workforce, today’s software engineers are expected to continually learn by 

utilizing tools that support the highly social characteristics of their profession and the 

increasingly complex requirements of the software development environment. 
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A synopsis of the software engineer literature is depicted in Table 4. 

Table 4:  Characteristics of Software Engineers 

Year Authors Significance  
1975 Brooks Documented some of the first anecdotal evidence of the 

social characteristics of software engineers.  Willingness to 
interact with team members improved team efficiencies. 

1978 Couger & 
Zawacki 

Included a description of the professional characteristics 
that distinguish the occupation as a homogeneous group of 
high achievers. 

1982 Bartol & Martin Provided a comprehensive review of the software 
engineering literature, including many of the motivations of 
the profession. 

1987/1988 Couger & 
McIntyre 

Described characteristics of software engineers, indicating 
that these professionals had a high need for professional 
growth and a desire for positions that required individual 
motivation. 

1990 Shaw Examined the discipline of other scientific professions as 
the appropriate basis on which software engineers should 
develop their line of work. 

1999 Gotterbarn, 
Miller, & 
Rogerson 

Approved a code of ethics to advance the professionalism 
and requirements for software developers.  Addressed 
public safety and public safety concerns. 

2007 Beecham, 
Baddoo, Hall, 
Robinson, & 

Sharp 

Found that software engineers are motivated by personal 
factors related to a need for variety, their personality, and 
the career status. 

2007 Ko, DeLine, & 
Venolia 

Investigated the day-to-day information needs of software 
engineers employed by a large software company.  Team 
workplace information requirements most frequently 
included awareness about artifacts and coworkers. 

2009 Reinhardt Characterized software engineers as highly social 
professionals dependent upon effective interactions with 
team members, projects, and organizations. 

2010 Black, Harrison, 
& Baldwin 

Described the results of an online survey of software 
developers, indicating that these professionals use Web 2.0 
social media to communicate with team members.  Most 
respondents said that using social media improved their 
working life. 

2010 Begel, DeLine 
& Zimmerman 

Described software engineers as members of interconnected 
social communities.  Web 2.0 can improve practice by 
enhancing communication and collaboration. 

2011 Gonçalves, De 
Souza & 
González 

Described the adoption of asynchronous and synchronous 
communication technologies by software engineers to 
interact with team members and to seek/share information. 
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Web 2.0 

Software engineers depend upon sociotechnical exchanges in the workplace to 

complete individual assignments (Cataldo et al., 2009).  In their theoretical article 

highlighting the potential for Web 2.0 to impact the way individual software engineers 

work together, Begel et al. (2010) characterized the typical workday of software 

engineers as one that is highly reliant upon reoccurring interactions.  From their research, 

it was suggested that these reoccurring interactions with colleagues could be successfully 

supported by a variety of Web 2.0 platform exchanges. 

Challenge of a Precise Definition 

Social media was first defined almost a decade ago as a group of Internet-based 

applications that allow individuals to create and exchange content and to connect and 

share ideas with others (Kaplan & Haenlein, 2010).  Current social media applications are 

distinguished from previous linear technologies like telephones and email as an evolving 

“set of Internet-based technologies designed to be used by three or more people who 

engage in interaction processes to make sense of new ideas” (Bingham & Conner, 2010, 

p. 6).  A recent category of social media tools falls within the spectrum of applications 

that have been recognized as an effective means for social interaction by individuals with 

common interests in various social and workplace environments (Begel et al., 2010). 

This type of technology and the experiences of those who use them to interact 

with others are both critical factors in the definition of Web 2.0, but they themselves are 

not Web 2.0 (boyd, 2005).  Chatti et al. (2008) insisted that an important component of 

any Web 2.0 definition must include Web 2.0’s ability to connect people “in order to 

share ideas, collaboratively create new forms of dynamic learning content, get effective 
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support, and learn with and from peers” (p. 3).  Aghaei, Namatbakhsh, and Farani (2012) 

recently extended earlier depictions of the Web 2.0 platform, describing Web 2.0 as the 

“wisdom web, people-centric web, participative web, and read-write web…of flexible 

design, creative reuse, updates, collaborative content creation and modification” (p. 3).  

With no standard definition in the literature, Web 2.0 technologies can be loosely 

described as “a set of several characteristics” that provide users the ability to interact 

using a variety of social media tools in new ways (Prashant, 2008). 

Chatti et al. (2008) recognized new user interactions across emerging Web 2.0 

platforms through dynamic connections of people and novel connections of these people 

to infinite knowledge repositories which allow users to learn in a complex network of 

individuals and environmental stimuli.  These authors described several rapidly evolving 

social media tools that focus on user-evolved content, including blogs, microblogs, Q&A 

websites, and tagging applications.  As Web 2.0 interaction applications, emergent social 

media technologies “have the potential to change the way we learn” (Chatti et al., 2008, 

p. 3). 

Web 2.0 in Software Engineering 

Gonçalves et al. (2011) completed an observational study that investigated 

software engineer use of Web 2.0 during software development.  These researchers 

explored the evolution of the tools used by software engineers in their software 

development tasks and also how these contemporary communication technologies have 

become characteristic in the definition of modern software development scenarios.  

Increasing use of Web 2.0 by software engineers in the workplace in recent years points 

to significant changes in the way these professionals “collaborate, communicate with 
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each other, manage the development process and search for information to create 

solutions and solve problems” (p. 1913). 

In a theoretical paper, Begel et al. (2010) emphasized the use of Web 2.0 by 

software engineers for software development purposes.  In their article, Begel et al. 

considered how social media applications could be used by individual software engineers 

within and across organizational boundaries to more efficiently complete software 

development teamwork.  The authors argued that this platform has the potential to 

provide software developers an effective means to “conceive of, design, develop, and 

deploy successful and profitable product lines” in new ways (p. 1). 

Yet practitioners have advocated for the incorporation of the latest interaction 

tools in the software development environment for the last two decades, encouraging all 

engineers to use blogs to exchange technical knowledge with their peers (Kraut & 

Streeter, 1995).  In a position paper that advocated for continuing research on new 

opportunities for Web 2.0–enabled interaction technologies in software development, 

leading scholars indicated that software developers use blogs to document “how-to” 

information, to discuss the release of new features, and to support requirements 

engineering (Storey et al., 2010).  As two well-established Web 2.0 interaction 

technologies used by software engineers, blogs and microblogs are becoming 

increasingly accepted in software development environments.  “Among engineers, 

messages are written to publicize links to technical information, to announce spontaneous 

meetings, and to keep coworkers apprised of status and progress on work-related tasks” 

(Begel, 2010, p. 2, as cited in Treude & Storey, 2010). 
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A group of scholars investigating the utility and performance of Q&A systems for 

technical domains described a Q&A website specifically designed for software engineer 

information sharing as “one of the most visible venues for expert knowledge sharing 

around software development…that has captured significant mindshare among software 

developers” (Mamykina et al., 2011, p. 2857).  Additionally, Treude (2011) indicated that 

several investigators have contributed to the literature where software engineers used 

annotations in source code.  The use of tags was empirically studied by researchers who 

explored how programmers embed annotations within the source code to complete 

software development tasks.  The researchers found that the use and meaning of 

annotations varied widely by individual software engineers, projects, and organizations 

and included reminders, indices, static slides with dynamic content, and live technical 

presentations (Storey, Ryall, Bull, Myers, & Singer, 2008). 

Two Web 2.0 dialogue applications (blogs and microblogs), Q&A websites, and 

tagging applications used by software engineers were the research focus of this 

investigation. 

Asynchronous Web 2.0 Interaction Technologies 

Asynchronous Web 2.0 technologies include a wide variety of interaction tools 

such as blogs, microblogs, Q&A websites, and tagging applications.  One of the most 

important characteristics of technologies on this platform is that participants can engage 

in the exchange of ideas or information without a requirement of another participant’s 

simultaneous involvement (Blezu & Popa, 2008; Johnson, 2006, as cited in Rovy & 

Essex, 2001; Sabau, 2005).  An additional distinguishing feature of the technologies that 

are a part of Web 2.0 emphasizes user-defined information indexing, which is a 
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functionality that enables users to create, modify, tag, and organize content and share 

knowledge easily (Buckingham-Shum, 2008).  Even more, Web 2.0 applications are 

designed to connect people via the artifacts that they create and share—whether by blog, 

microblog, Q&A website inquiry or response, or tag indices—so that the greater the 

number of users participating in asynchronous discourse, the better the quality of the 

evolving product (Buckingham-Shum, 2008). 

Weblogs Defined 

The term weblogs (or blogs) was first coined by John Barger in December 1997 

(Bausch, Haughey, & Hourihan, 2002).  Since then, blogs have been defined in the 

scholarly literature as a form of personal publishing formatted as online text content in 

which the author’s posts appear in reverse chronological order (Downes, 2004; Halic et 

al., 2010; Herring, Scheidt, Bonus, & Wright, 2004).  This sequence of web dialogue is 

an important feature of blog postings in that it retains older posts alongside newer 

discourse while producing a permanent archive of blog activity and creating context for 

the readers who can refer back to earlier entries (Viegas, as cited in Burgess, 2006).  This 

interactive feature is fundamental when thinking of blogs in a “social, and not only 

textual practice” and when approaching them from a “network orientation, rather than 

simply a writing orientation” (Burgess, 2006, pp. 109-110). 

Blogs have also been defined empirically as interactive websites that are 

dynamically created and customized according to user preference, a characteristic that 

“increases the potential to share ideas in a virtually cost-free environment” (Lu and 

Hsiao, 2007, p. 345).  These features have contributed to widespread adoption of blogs by 

“mega-corporations such as IBM and Microsoft” (p. 346).  Blogs are also “used for 
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writing short essays, knowledge saving and discourse” (Reinhardt, 2009, p. 329).  

Additionally, they are frequently used in professional environments yet are not as well 

studied or understood as wikis, a technology that has generated almost two decades of 

theoretical, empirical, and practical literature streams (Treude, Storey, Van Deursen, 

Begel, & Black, 2011). 

Microblogs Defined 

As a newer form of blogs, microblogs are a second type of Web 2.0–supported 

interaction used by software engineers.  Zhao and Rosson (2009) defined microblogs as 

an emerging information exchange alternative to email, phone, and instant messaging.  

Kaplan and Haenlein (2011) indicated that microblogs are used to compose and distribute 

succinct messages of 140 characters or less and that they have recently become a popular 

method to share small amounts of information.  Templeton (2008) indicated some years 

earlier that microblogs were used in professional settings to share news, post status 

updates, and maintain conversations. 

Reinhardt (2009) stated that an additional characteristic of microblogs is that they 

are preserved by an individual service provider that retains delivered messages 

persistently until the sender deletes it.  These “micro-messages can be restricted to a 

certain number of individuals, sent exclusively to a specific contact, or made available to 

the World Wide Web” (p. 329).  Message content is searchable, a feature that allows 

users to locate specific information, including hints, solutions, or expertise. 

Question-and-Answer Websites Defined 

In an empirical study to investigate the answer quality in online Q&A sites, 

researchers defined this type of Web 2.0 interaction technology, as “places where users 
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ask questions and others answer them” (Harper et al., 2008, p. 865).  Three types of Q&A 

sites were identified in the literature.  Digital reference services use online tools to route 

questions and corresponding responses and to track open/closed questions, as is 

frequently used in software development environments.  Knowledgeable practitioners 

staff a second type of Q&A website to respond to questions within a defined topic area.  

Community Q&A sites represent the third type of Web 2.0–supported information 

reference services.  Skilled moderators are frequently tasked to manage user interactions 

within the site.  These sites “also tend to embrace newer interaction designs than other 

types of Q&A sites by providing features like tagging” (Harper et al., 2008, p. 866).  

Community Q&A sites that specifically support software engineer information exchange 

were the focus in this study. 

Tagging Applications Defined 

Treude (2011) acknowledged that there are some inconsistencies of the definition 

of tags as understood by professionals in the software engineering community.  For 

purposes of this investigation, the researcher used a definition that Treude specifically 

articulated within a software development context.  Treude described tags as a tool to 

annotate resources such as source files or test cases in order to support the process of 

finding these resources.  Multiple tags can be assigned to one resource.  Treude noted that 

the concept of annotating resources using tags is not new to software development 

(Treude, 2012).  Tagging had been described several years before as a “sticky notes” 

technique where information is attached to artifacts to help developers understand the 

architecture of large software systems (Hassan & Holt, 2004). 
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Blog Interactions in Software Development 

Several authors have discussed the use of blogs and microblogs in software 

development.  More specifically, Begel et al. (2010) explored the use of blogs by 

software engineers to build applications across a variety of team interactions.  In a recent 

exploratory study, Pagano and Maalej (2011) found that software engineers use blogs to 

post new project-related information, link to existing information like wiki pages and 

other blog posts, and share software development information that is related to specific 

projects.  Developers’ blog post content included descriptions of the following (Pagano & 

Maalej, 2010): 

• High-level concepts and functional requirements, 

• Source code concepts, 

• Community-related information, 

• Corrective engineering and management activities, and 

• Software development activities. 

Software engineers have also adopted blogs as a new and simplified technology to 

interact with team members and manage knowledge that is accessible to others when 

face-to-face interactions are not possible (Lanubile, Ebert, Prikladnicki, & Vizcaino, 

2010). 

Microblog Interactions in Software Development 

Researchers have described several uses of microblogs by software engineers to 

support specific tasks within the software development lifecycle.  Microblogs are used to 

publicize links to technical information, to announce spontaneous meetings, and to keep 

coworkers apprised of project status and progress as it relates to software development 



40 

objectives (Begel et al., 2010; Treude, Storey, Ehrlich, & Van Deursen, 2010).  

Researchers further described successful uses of microblogs by software developers when 

team interaction is required yet members are separated by time or distance.  

“Microblogging is proving extremely useful for the fast exchanges of thoughts, ideas and 

information sharing” (Reinhardt, 2009, p. 333).  Software engineers use microblogs as a 

novel means to communicate lessons learned to one another, “which has attracted the 

attention of corporate leadership, even when the traditional organizational hierarchy puts 

up barriers to disseminating those innovations across, and especially, up the hierarchy” 

(Begel et al., 2010, p. 35).  Reinhardt (2009) suggested that microblogs could also be 

advantageous for software engineers as a means of ad hoc communication.  Given their 

growing use by software engineers, researchers have yet to publish studies regarding new 

potentials for learning from microblog exchanges, particularly those that might be 

possible in workplace settings like software development environments. 

As software engineers increase their technical dexterity through increasingly 

dynamic and persistent blog and microblog interactions, the distribution of knowledge 

between colleagues within the software development environment becomes more 

complete more quickly.  This improved distribution of knowledge, in turn, minimizes 

misunderstandings (Begel et al., 2010).  Blogs and microblogs expand the reach of the 

professional network of software engineers who share similar interests and workplace 

practices that support learning in their software development settings (Chatti et al., 2008). 

Q&A Website Interactions in Software Development 

Researchers who have investigated software engineer use of Q&A websites 

indicate that these Web 2.0 resources “have been shown to facilitate the exchange of 
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knowledge between programmers who are connected via the Internet” (Treude, Barzilay, 

& Storey, 2011, p. 804).  In a study conducted to analyze data posted to a Q&A website 

that is commonly used by software engineers, investigators identified the kinds of 

questions posted to the site, which answer responses were most valued, and which 

questions remained unanswered.  The most frequently asked questions requested how-to 

information and clarification about unexpected code behaviors. 

Tagging Application Interactions in Software Development 

Treude and Storey (2012) published results from a study of tagging processes by 

software engineers.  Their research indicated that tags were used in software engineering 

environments primarily to support informal processes related to collaboration across 

work teams and were generally related to “technical concerns—a component, a 

requirement, or documentation” (p. 19).  Software engineers used a variety of tags to 

categorize and organize work items.  They also used tags to assign tasks, to define and 

clarify task details, and to promote project information exchange. 

Current research that investigates the use of emerging asynchronous Web 2.0 

interaction tools by software engineers in their software development environments has 

not yet explored the use of blogs, microblogs, Q&A websites, and tagging applications 

for learning.  A software engineers’ preference for one of these tools over another in their 

daily work interactions is a matter of personal factors (e.g., beliefs, experience, and 

demographic characteristics), behavioral factors (e.g., habits, daily practices, level of 

ability), and environmental factors (e.g., technology availability) (Truede & Story, 2012).  

Dialogue facilitated by these interaction types could be an effective means for learning by 

these knowledge workers, who exchange ideas and expertise throughout software 



42 

development processes.  Therefore, a more up-to-date understanding of learning that 

occurs over the course of Web 2.0 asynchronous technology exchanges is necessary.  

Figure 3 depicts a triadic model where interactions by individual software engineers 

occur using these technologies in the virtual dimension of the Web 2.0 software 

development environment. 

Figure 3:  Software Engineer Technology Interactions in a Web 2.0 Environment 

 
Definition of Learning 

For this study, human learning was defined as a dynamic continuum of 

personal development that occurs as a product of the interactions within the three 

components of cognitive, behavioral, and environmental factors (Bandura, 1986).  

Thus, social cognitive theory provided an appropriate lens through which learning 

can be recognized in a software development environment, where software engineers 

engage in an ongoing process of Web 2.0 interactions throughout the software 

development process. 
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Definition of Perceived Learning 

Standardized measures were not administered in the current study to quantify 

participant learning, the dynamic continuum of individual development that results 

from the participation in interactions with others (Bandura, 1986).  Accordingly, this 

study used perceived (or self-reported) learning, which has been described by 

Richmond, Gorham, and McCroskey (1987) as a means to identify learning when 

“no suitable measures of actual learning” are available (as cited by Halic et al., 2010, 

p. 207).  Richmond et al. (1987) considered perceived learning to be a sufficient 

proxy measure of learning (instead of standardized tests) when mature participants 

have extensive learning and life experience.  They believed that such participants 

could estimate with considerable accuracy the amount they learned in a given 

situation (Richmond et al., 1987). 

Definition of Informal Learning 

Informal learning is related to the lifelong process in which every person 

acquires and accumulates knowledge, skills, attitudes, and insights for daily 

experiences and exposure to the environment outside of the formal classroom 

(Marsick & Watkins, 2001). 

Web 2.0 as a Learning Platform 

O’Reilly (2007) described new characteristics of the Web 2.0 structure as 

unparalleled in previous technologies and as a network platform with the capability to 

connect all devices in new and unexpected ways.  Web 2.0’s applications are 

those that make the most of the intrinsic advantages of that platform, delivering 

software as a continually-updated service that gets better the more people use it, 
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consuming and remixing data from multiple sources and individual users, while 

users provide their own data and services in a form that allows remixing by 

others, creating network effects through an architecture of participation, and going 

beyond the page metaphor of Web 1.0 to deliver rich user experiences (O’Reilly, 

2007, p. 17). 

Web 2.0 therefore provides a structural shift in the flow of information (boyd, 

2005).  It also provided a structure for dynamic interactions over a network configuration 

that established “the foundation for radical transformations in who learns from whom, 

where, under what circumstances, and for what and whose purpose” (Haythornthwaite, 

2008, p. 598).  As boyd (2005) stated, Web 2.0 was not designed simply to distribute 

information across a global or local network or to a single user or to many; Web 2.0 is a 

constantly shifting, multidirectional, complex flow of information that evolves as it flows.  

“Web 2.0 is about glocalization, it is about making global information available to local 

social contexts and giving people the flexibility to find, organize, share and create 

information in a locally meaningful fashion that is globally accessible” (boyd, 2005).  

These distinguishing features of Web 2.0 provide a significant change in the way 

individuals interact and may provide a basis for a paradigm shift in learning (O’Reilly, 

2007). 

O’Reilly (2007) and boyd (2005) suggested that the multidimensional qualities of 

Web 2.0 not only enable change in the way individuals interact, but also could redefine 

how people learn.  Web 2.0 “technologies are opening new doors for more effective 

learning and have the potential to support life-long competence development,” a pressing 

concern for workers in the knowledge economy (Klamma et al., 2007, p. 72).  
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Furthermore, the interactions that are exchanged on this platform alter the roles and 

relationships of the learner, who now actively participates in the social settings afforded 

by this new virtual space (Haythornthwaite, 2008). 

Web 2.0 and Learning in Formal Environments 

In a theoretical article to better understand learning from a social constructivist 

perspective, Woo and Reeves (2007) asserted that learning in virtual environments results 

from meaningful student web interactions.  The interactive nature of the web provides 

opportunities for learning by allowing students “to exchange information, contribute to 

discussions, and acquire and examine alternative perspectives easily” (p. 20).  Woo and 

Wang (2009) explained how Web 2.0 interactions not only facilitate learning but also 

encourage critical thinking in formal educational settings. 

Web 2.0 and Learning in Informal Environments 

The Web 2.0 literature that addresses learning is well established within the walls 

of traditional educational institutions (Woo & Reeves, 2007; Ducate & Lomicka, 2008; 

Ellison & Wu, 2008; Churchill, 2009; Woo & Wang, 2009; Ebner et al., 2010; Halic et 

al., 2010).  However, scholars have only recently begun to investigate potential learning 

using Web 2.0–supported Internet discourse technologies, including blogs, microblogs, 

Q&A websites, and tagging applications, in informal learning environments. 

Park et al. (2011) argued that blogging is an effective means for adults to 

communicate and interact with one another to discuss issues raised in informal learning 

settings.  These researchers also indicated that blog dialogue, as contemporary web-based 

interactions, “have the potential to make a difference in adult informal learning” (p. 149).  

Other researchers indicated that there is a growing body of research on the use of 
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microblogging, a newer form of blog interaction, in informal learning scenarios (Borau, 

Ullrich, Feng, & Shen 2009; Ebner & Schiefner, 2008; Gaonkar, Li, Choudhury, & Cox, 

2008; Ramsden, 2008, as cited by Ebner et al., 2010, p. 93).  They suggested that 

microblogging should be seen as a completely new form of communication that can 

support informal learning over the course of a lifetime. 

The usefulness of Q&A websites as potential sources for learning has been 

investigated by Treude, Barzilay, and Storey (2011).  Their investigation into the content 

of software developer questions on these sites and the replies posted by their colleagues 

indicated that their colleagues frequently relied on the posted information as a “substitute 

for formal product documentation when the official document is sparse or not yet 

existent” (p. 804).  The researchers also addressed the effectiveness of tagging by 

software engineers, explaining that tags were mainly used to learn about the topics 

covered within a Q&A website. 

A summary of important theoretical and empirical Web 2.0 literature from formal 

and informal learning resources over the last several years is presented in Table 5. 
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Table 5:  Web 2.0 for Learning 

Year Authors Significance 

2007 Woo & Reeves Discussed the importance of interaction in all learning; 
distinguished meaningful interactions as a critical process for 
intellectual growth.  The goal of this paper was to 
reconceptualize learning through virtual interactions from a 
social constructivist perspective. 

2008 Ducate & 
Lomicka 

Examined the steps through which students advance while 
using blogs, their reactions to blogs, how self-expression is 
characterized in the blogosphere, and how blogging 
contributes to perceived learning. 

2008 Ellison & Wu Explored student perceptions of learning using blogs in the 
classroom setting.  Survey data analysis revealed that blogs 
were helpful in understanding course concepts. 

2009 Churchill Identified three student blog-based activities for learning:  
(1) reading blogs of others, (2) receiving comments, and (3) 
previewing tasks of others and reading feedback received in 
relation to these. 

2009 Woo & Wang Examined how Singaporean students used weblogs to 
develop critical thinking skills.  Weblog analysis indicated 
that the topic for blogging is crucial in determining the types 
of critical thinking employed by the students.  Students 
displayed critical thinking traits in the areas of information 
sourcing, linking information to arguments, and viewpoint 
justification. 

2010 Ebner, 
Lienhardt, 

Rohs, & Meyer 

Investigated microblogging for process-oriented learning in 
higher education.  Austrian university student course 
postings were analyzed.  The results suggested that 
microblogs support informal learning beyond classrooms. 

2010 Halic, Lee, 
Paulus, & 

Spence 

Used a survey to investigate the use of blogs in an 
undergraduate course setting and students’ perception of 
learning.  Most students reported that blogging enhanced 
their learning. 

2011 Park, Heo, & 
Lee 

Used data from an online survey of adult bloggers to 
understand adult blogging experiences related to learning, 
bloggers’ perceptions of usefulness, and the link between 
adult informal learning and blogging. 

2011 Treude, 
Barzilay, & 

Storey 

Discussed the importance of Q&A website interactions and 
the role of tagging to better understand the information needs 
of software engineer beyond their local software 
development setting.  The researchers made 
recommendations for how Q&A websites can leverage 
knowledge. 
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Web 2.0–Supported Applications in Software Development 

When software developers adopt Web 2.0–supported applications as a part of their 

daily work routines, important changes in the way they work and learn are possible 

(Begel et al., 2010).  As asserted by Haythornthwaite (2008), Web 2.0 interactions enable 

“ubiquitous learning,” learning that continues anytime, anywhere, by anyone through 

individual participation in the process (p. 598).  For software engineers, Web 2.0–enabled 

interactions have the potential to facilitate learning by those who utilize these tools to 

make use of previously inaccessible expertise from any number of their professional 

peers (Klamma et al., 2007).  As a result, Web 2.0 applications used in professional 

software development environments should be investigated as promising new 

mechanisms for information exchange and learning in the continually changing 

workplace of today’s knowledge economy. 

Blogs and Potential Learning in the Workplace 

One of the first empirical studies on blog postings by software engineers in their 

workplace interactions suggested a potential for learning in software development 

environments.  In their empirical study, Ras et al. (2005) investigated informal 

knowledge sharing weblog behaviors.  Several blog dialogue interactions were evaluated 

as a source of new information and experiences.  These researchers monitored blog 

content and identified information that software engineers later described as meaningful 

for learning purposes, including: (a) definitions, descriptions, references, examples; and 

(b) product descriptions, software development processes, techniques, and tools; and (c) 

references, definitions, theories, and strategies (Ras et al., 2005). 
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In an empirical study designed to investigate emergent blogging practices in a 

corporate setting, Efimova and Grudin (2007) reported that “most bloggers found it 

gratifying to inform or help others, to learn about the destiny of their work in the ‘real 

world,‘ or to become visible as an expert in a specific area” (p. 7).  Furthermore, many 

respondents reported that blogging was an efficient means to learn, helping colleagues to 

“overcome time barriers for learning ‘deep’ issues about new technologies and tools, 

getting answers to questions, receiving feedback on ideas, finding people inside or 

outside the company with similar interests or needs” (p. 7). 

As previously noted in the empirical study completed by Park et al. (2011), blogs 

were investigated as a contemporary web-based interaction platform to understand 

whether dialogue in this medium made a difference in adult informal learning practice.  

Using an online survey, these researchers investigated bloggers’ experiences related to 

learning, bloggers’ perceptions of the usefulness of blogging, and the link between adult 

informal learning and blogging.  Most blog participants reported positive changes and 

perceived these changes as a learning experience.  However, in their exploratory study on 

blog behaviors by software engineers, Pagano and Maalej (2011) reported that a major 

gap remained in the empirical literature that addressed blogs and learning in the software 

engineering setting.  Together, these scholars suggest that software developer blog posts 

support potential learning in the workplace. 

Microblogs and Potential Learning in the Workplace 

As the functionality of Web 2.0 has evolved, microblogging has gained broad 

acceptance by software engineers as a means of interaction and information 

dissemination in software development environments (Tian et al., 2012).  In their 
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preliminary study, Tian et al. (2012) analyzed the microblog content of Singaporean 

software engineers to investigate which information exchanges evoked more interest 

among team members.  The researchers found that the most popular microblogs were 

related to postings that included information about job openings, general news, Q&A 

websites, tagging applications and other new tools, and coding issues. 

Despite the growing body of microblog literature concerning software engineer 

interaction and information exchange, opportunities for potential learning have not been 

well addressed.  Ehrlich and Shami (2010) acknowledged that little is known about the 

potential for learning via microblogs by professionals in the workplace.  In an effort to 

improve scholarly understanding of learning from microblog behaviors in these informal 

learning environments, Ehrlich and Shami conducted interviews to understand how 

microblogging was useful in a work context and why professionals used microblogs in 

those settings.  After an analysis of these software engineer microblog exchanges, the 

investigators suggested that learning might be facilitated by the interactions on this 

platform.  Again, little in-depth attention to learning by software engineers was included 

in the existing research.  In the same study, microblog posts generally fell into one of two 

categories:  (1) information seeking (more common to ask questions of organizational 

team members) or (2) information sharing (more common to distribute information to 

members outside of the organization). 

In a case study conducted to investigate microblogging behaviors by 

organizational employees, Müller and Stocker (2010) found that workers reported being 

able to locate colleagues who had the skills or knowledge they required to address 

particular problems.  Microblogging provided the ability to find and exchange knowledge 
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with others in the organization and enabled quick sharing of best practices.  This method 

of interaction was also found to 

• Improve information flow; 

• Enable worldwide networking; 

• Reduce the workload compared to e-mail communication; 

• Share rich experiences, which lead to more innovative thinking and better 

products; and 

• Foster knowledge management practices and learning. 

Q&A Websites and Potential Learning in the Workplace 

In his dissertation that investigated how social media artifacts support task 

management, Treude (2012) identified the role of Q&A websites in software 

development.  His analysis of archival data indicated that Q&A websites are particularly 

effective at code reviews, explaining conceptual issues, and answering the questions of 

the newest team members.  Treude found that the most common requests posted on these 

websites included how-to questions. 

Tagging Applications and Potential Learning in the Workplace 

Treude’s dissertation (2012) provided descriptions of how software engineers 

used tagging applications to help them throughout their software development work.  

More specifically, Treude discussed how a programmer’s tag list was used to “maintain 

keyword consistency, minimize duplicates, document particular spellings, or as a 

mechanism for new team member’s learning” (p. 55).  To analyze the different kinds of 

questions asked on a Q&A website, Treude used a method of qualitative coding of 

questions and tags.  The results indicated that tags were mainly used to learn about 
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specific project topics, while the question coding gave insight into the nature of the 

questions presented on the website. 

Table 6 presents a snapshot of recent literature sources that explore potential 

learning facilitated by Web 2.0 applications. 

Table 6:  Web 2.0 and Potential Learning in the Workplace 

Year Authors Significance 
2007 Efimova & 

Grudin 
Investigated where, how, and why employees in a large 
corporate setting blog; personal writing in work-related 
weblogs; what happens when blogging becomes a formal 
work objective; perceptions of the impacts of blogging; and 
possible steps to make blogging more effective. 

2009 Zhao & Rosson Examined microblogging over other forms of social media.  
Findings suggest that microblogs were more valuable than 
other media forms for connecting information to personal 
goals, for knowing what colleagues are thinking, and for 
prompting opportunistic conversations. 

2010 Ehrlich & 
Shami 

Compared the use of an internal corporate microblogging 
tool with the public tool to investigate differences in 
information sharing.  Findings indicated that the internal tool 
was used to solicit and provide information to colleagues. 

2010 Müller & 
Stocker 

Described a case study investigating how microblogs were 
used by employees in a large global technology organization.  
Some of the identified benefits were getting access to key 
organizational contacts, getting the right 
information/knowledge, enlarging their personal network, 
learning from followers, and gaining an edge on information. 

2010 Zhang, Qu, 
Cody, & Wu 

Described a case study involving the adoption of 
microblogging in a corporate setting.  Five months of data 
(demographics, web-based survey, interviews, and blog 
content) revealed that users vary in their posting activities, 
reading behaviors, and perceived benefits. 

2012 Treude Investigated several social media mechanisms, including 
blogs, microblogs, Q&A websites, and tagging applications 
used by software engineers to collaborate and learn in their 
professional software development settings. 

Web 2.0–Enabled Interactions in Software Development 

Web 2.0 tools could be an effective option to help software engineers achieve 

ongoing competence renewal.  Ras et al. (2005) indicated that there is a pressing need for 
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“continuous competence development” for technology professionals like software 

engineers to “combat the increasing flood of information, the rapid deterioration and 

ageing of knowledge and to face the continuously changing requirements for problem 

understanding and solving” (p. 394).  There is an increasing interest in the possibilities of 

more efficient interactions over the Web 2.0 platform, as evidenced by the growing 

number of scholarly studies that are being conducted to address the demands on software 

engineers to produce more complex code more quickly (Black et al., 2010; Black & 

Jacobs, 2010).  The current study was built on that foundation, recognizing the 

opportunity to investigate potential learning by individual software engineers who 

communicate via blogs, microblogs, and Q&A websites to seek and share software 

development information and who utilize tagging applications to organize and complete 

software development tasks. 

Table 7 summarizes recent literature sources that document software engineer 

interactions within the software development environment. 
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Table 7:  Web 2.0–Enabled Interactions in Software Engineering 

Year Authors Significance 
2005 Ras, Avram, 

Waterson, & 
Weibelzahl 

Investigated the use of weblogs for knowledge sharing 
between software engineers and for making learning 
more situated within the working environment of 
knowledge workers overall. 

2010 Black, 
Harrison, & 

Baldwin 

Explored how social media tools were used by software 
engineers and whether their use has been successful.  
The majority of respondents indicated they used Web 
2.0 to communicate with their colleagues. 

2010 Black & Jacobs Investigated how software engineers use Web 2.0 during 
software development.  Findings attributed improved 
communication, increased knowledge sharing, improved 
problem solving, and more speedy development to the 
integration of social media in development processes. 

2011 Bougie, Starke, 
Storey, & 
German 

Investigated the value of microblogging by software 
engineers in their corporate environments.  Findings 
indicate that the software engineers frequently 
microblog to interact with one another. 

2011 Truede, Storey, 
Van Deursen, 

Begel, & Black 

Discussed how Web 2.0 tools support interactive 
information sharing, data interoperability, and user-
centered design, particularly in collaborative software 
development processes and development platforms. 

2011 Treude, 
Barzilay, & 

Storey 

Identified the several question types in Q&A websites 
and described the associated tags that software engineers 
used to learn specific topics covered in the text of the 
posting.  Preliminary findings indicated that Q&A 
websites are particularly effective for code reviews, for 
conceptual questions, and for novice software 
developers. 

2012 Tian, 
Achananuparp, 
Lubis, Lo, & 

Lim 

Analyzed the content of microblogs to investigate the 
popularity of microblogging among software engineers 
to communicate software engineering issues apart from 
using emails and other traditional communication 
channels. 

Evolution of Social Cognitive Theory 

Bandura based his social cognitive theory on social learning theory.  Social 

learning theory explains how people use different kinds of modeling and observation to 

learn within social settings (Ormrod, 1999).  Its premises were originally derived from 
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the work of Gabriel Tardes, a sociologist and social theorist known for holding this 

central thesis: 

The human person, living in society, has a complex form of existence that derives 

from every conceivable kind of direct and indirect experience he can encounter.  

Hence, any idea of the “social whole” or even of the “individual” is in reality an 

abbreviation of these experiences and how they have been interpreted and 

internalized by the person.  Therefore, societies and people are infinitely complex 

(practically speaking) and the process of learning, therefore, has by far more to do 

with experience, proximity to peer groups and other structures than to the 

classroom curriculum (Johnson, n.d.). 

Modification of Behaviorism with Psychological Factors 

In the mid-1940s, Julian Rotter, another noted psychologist, gained prominence 

for contributions to the development of social learning theory.  In 1954, Rotter published 

the seminal work entitled Social Learning and Clinical Psychology, which discussed the 

effects of motivation on behavior, including avoidance of behaviors that trigger negative 

consequences and the pursuit of behaviors that produce positive results (Rotter, 1954).  In 

other words, Rotter predicted that individuals tend to repeat the behaviors that bring 

about desired outcomes.  Social learning theory suggested that an individual’s behavior 

was influenced not solely by environmental factors but also by psychological factors 

(Rotter, 1954). 

Albert Bandura also recognized the importance of environmental and 

psychological factors (Bandura, 1977).  He acknowledged the social learning theories 

used in the earlier works of Miller and Dollard (Bandura, Grusec, & Menlove, 1967) and 

http://bandura/
http://bandura/
http://bandura/
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the related theories from Vygotsky (Tudge & Winterhoff, 1993).  A critical addition from 

Vygotsky’s writings is the importance of social interaction in the development of 

cognition (Vygotsky, 1978).  Vygotsky believed that learning required a social context, 

that cognition is rooted within social processes, and that the learner will achieve at the 

highest level in cooperation with peers (Tudge & Winterhoff, 1993). 

From Social Learning Theory to Social Cognitive Theory 

In her historical article on social learning theory, Grusec (1992) described the 

progression of Bandura’s research during the 1960s and 1970s as “one of the most 

significant contributions to the theory” (p. 776).  It was during this period that Bandura 

gained recognition for his revolutionary modeling experiments that used an inflatable doll 

to test aggression behaviors in children (Grusec, 1992).  These studies directed his 

subsequent research toward further investigations into the influence of modeling and 

observation learning.  Bandura’s research added information processing as a new 

cognitive component to existing learning theories, including Skinner’s operant 

conditioning theory, a behaviorist tradition that did not consider individual thought 

processing or the importance of various social contexts described in Vygotsky’s research 

(Grusec, 1992). 

In 1986, Bandura renamed his approach “social cognitive theory” to better 

represent the interaction of the theoretical constructs of “reciprocal determinism, personal 

factors, behavioral aspects, and environmental influences that operate interactively as 

determinants of each other” (Bandura, 1986, p. 23).  According to Bandura (1989), 

individual development occurs from a triadic reciprocal dynamic continuum of cognitive, 

behavioral, and environmental exchanges. 

http://vygotsky/
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Cognitive factors include personal factors; together these are comprised of 

individual characteristics such as personal beliefs, self-regulation, self-efficacy, 

knowledge, experience, training, abilities, expectations, perceptions, goals, decision-

making processes, and demographics (gender, age, and domicile).  Behavioral factors 

include aspects of an individual’s actions, practices, preferences, and habits that are 

manifested in relation to a particular environment—physical or virtual.  Environmental 

factors are expressions of external forces—social influences, cognitive competencies, 

natural phenomena, and structural dimensions—that evolve and transmit information that 

cause agentic reactions and situational change. 

Contemporary Applications of Social Cognitive Theory 

As one of the most prominent developmental psychologists in our time, Bandura 

continues to advance his theory based on the changes in the scholar’s understanding, 

thinking, and the technological advances of the day (Singhal & Dearing, 2006).  Bandura 

recently acknowledged the influence of technology, stating 

The revolutionary advances in communications and Internet applications are 

transforming acquisitional and social diffusion processes.  The Internet is swift, 

wide-reaching and free of institutional controls.  It alters how people work, 

educate and relate to each other, and conduct their business and daily affairs 

(Bandura, 2001, p. 115). 

Bandura (2001) also recognized the influential role of mass media in society and 

the psychosocial mechanisms through which symbolic communication influences human 

thought, affect, and action. 
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SCT in Information Technology (IT) Literature 

Social cognitive theory provided a framework to investigate psychosocial 

developments in a variety of technology environments.  Compeau, Higgins, and Huff 

(1999) used social cognitive theory to test the influence of computer self-efficacy, 

outcome expectations, affect, and anxiety on computer usage by Canadian business 

periodical subscribers.  Social cognitive theory was used to explain Internet usage by 

LaRose and Eastin (2004), who recruited respondents by electronic mail to complete an 

online questionnaire.  Their analyses produced a theory of media attendance.  In a study 

to analyze the factors that affect a user’s intention to update blogs, Lu and Hsiao (2007) 

used a survey to collect user data on a Tai website.  Social cognitive theory was the frame 

employed to consider knowledge, self-efficacy, subjective norms, feedback, and personal 

outcome expectations.  Stefanone, Lackaff, and Rosen (2008) used social cognitive 

theory to analyze the relationship between reality television consumption and online 

behavior with Web 2.0 tools.  Lu and Lee (2010) used an Internet-based survey to 

explore blog quality, the need for cognition, and social influences as the antecedents of 

blog “stickiness” (i.e., the time spent in the blog and retention to the blog).  The sources 

included here illustrate the breadth of Bandura’s social cognitive theory influence in 

guiding empirical literature related to contemporary human concerns that emerge in 

informal learning environments. 

Conclusion 

The body of literature on the use of Web 2.0–supported applications by software 

engineers in software development environments is growing.  Most of this research 

addressed questions about how and whether these Web 2.0 interactions are beneficial for 
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software engineers (Bougie et al., 2011; Zhang et al., 2010; Black et al., 2010; Zhao & 

Rosson, 2009).  Some researchers identified the favorite blog and microblog methods 

reported by software developers and their preferred software development project uses 

(e.g., Treude, 2011).  Others investigated the rationale software engineers employed in 

their decision to use particular interaction tools to communicate with their colleagues 

(Zhao & Rosson, 2009; Ehrlich & Shami, 2010; Tian et al., 2012).  Software engineers 

who used Web 2.0–supported applications in their software development environments 

also reported that these interaction methods provided an effective means to improve the 

quality of the software products they create (Black & Jacobs, 2010). 

Literature that addresses questions about how Web 2.0 can support learning by 

professionals in their workplace settings is developing.  However, research on Web 2.0–

enabled tools in the software development environment inadequately addresses learning 

by software engineers who interact with one another on this virtual platform.  Software 

engineers are highly social professionals, and their success depends upon an ability to 

effectively interact with their colleagues.  This quality of the software engineering 

profession aligns with the social constructivist view of learning, which holds that learners 

arrive at what they know through their active participation in the social practices of a 

particular environment. 

For social constructivists, learning is viewed primarily as a social product yielded 

by the processes of conversation, interaction, and negotiation (Woo & Reeves, 2007).  

This falls in line with Bandura’s social cognitive theory, which emphasizes a triadic 

reciprocality of cognitive, behavioral, and environmental factors and indicates that 

learning occurs in social contexts.  Furthermore, social constructivists stress the role of 
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the learner’s peers, who might be in a position to impart new understanding as they 

interact and negotiate meaning (Woo & Reeves, 2007).  Despite the availability of 

literature that supports learning in informal environments, limited research uses social 

cognitive theory as an underpinning to view learning in a software engineering 

environment.  It is upon the social cognitive theory foundation, along with a social 

constructivist perspective, that the current research was completed. 
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CHAPTER 3:  METHODOLOGY 

The purpose of this study was to explore perceptions of learning by software 

engineers who used any of four asynchronous Web 2.0 interaction technologies to 

interact with their peers in the software development workplace.  The problem this study 

addressed is the lack of scholarly literature that investigates learning that might be 

facilitated by software engineer interactions via blogs, microblogs, Q&A websites, and 

tagging applications that occur in the workplace.  There is growing evidence of Web 2.0 

usefulness in informal learning settings (Pagano & Maalej, 2011; Begel et al., 2010; 

Nielsen Company, 2010; Nielsen, 2010; Guzzi et al., 2010; Treude & Storey, 2012; 

Treude & Storey, 2010; Hone et al., 2011).  The results of this web-based survey will be 

used to help to inform software engineers of the potential impact of Web 2.0–supported 

interactions in their software development environments.  This chapter presents an 

overview of the study methodology, including the research design, questions, and data 

collection and analysis procedures. 

Overview of Methodology 

This exploratory study was designed to investigate perceptions of learning as 

reported by individual software engineers who use blogs, microblogs, Q&A websites, and 

tagging applications to interact with one another throughout the software development 

process.  Bandura’s social cognitive theory provided a lens through which potential 

software engineer learning can be investigated.  The triadic reciprocal nature of the 

exchanges that occur across the network of cognitive, behavioral, and environmental 

factors in the software development environment established the opportunity to consider 

the software engineer’s psychosocial functions of thinking, behaving, and learning in that 
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setting.  Perceptions of learning, as reported by study participants, are a primary focus of 

this research.  From a social constructivist perspective, where individuals create an 

understanding of the environments in which they live and interact with others, the 

researcher appropriately relied on participants reported perception of learning as captured 

in a web-based survey. 

Quantitative Methodology 

Quantitative research is undertaken when the goal of an investigation is to assess 

measureable qualities of study variables—independent or predictor variables and the 

dependent or outcome variables—and is generally classified as a nonexperimental or 

experimental design type.  Nonexperimental research is designed to “describe, 

differentiate, or examine associations, as opposed to direct relationships, between or 

among variables, groups, or situations” (Sousa, Driessnack, & Mendes, 2007, p. 503).  

Accordingly, the investigator does not establish control or comparison groups, assign 

subjects to them, or manipulate study variables.  The role of the researcher in 

nonexperimental investigations is to observe variables as they exist.  This is certainly the 

case in most social science research where the investigator observes the personal 

attributes, cognition, perception of learning, individual characteristics, and behavioral 

factors as the variables of interest in the appropriate context (Belli, 2009). 

There are at least three situations when a researcher chooses a nonexperimental 

design.  The first arises when the characteristics of the study variables are not subject or 

amenable to experimental manipulation or randomization.  Secondly, some variables 

cannot or should not be manipulated for ethical reasons.  Lastly, in situations where the 

research event or subject has already occurred, the investigator must choose a 
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nonexperimental approach because control over the research subject is not possible 

(Sousa et al., 2007). 

Exploratory Research 

Exploratory research is a commonly used nonexperimental design (Sousa et al., 

2007).  Investigators use this preliminary research approach when they endeavor to 

obtain greater understanding of a concept, require additional information to better define 

the problem to be addressed, or need to identify important variables to be studied.  

However, in preliminary exploratory research, findings are not definitive and therefore 

serve only as a foundation on which future research can be used to determine a course of 

action (McDaniel & Gates, 2010).  Social exploratory research 

seeks to find out how people get along in the setting under question, what 

meanings they give to their actions, and what issues concern them.  The goal of 

this research approach is to learn “what is going on here?” and to investigate 

social phenomena without explicit expectations. (Schutt, 2012a, p. 13) 

The exploratory research methodology is used when problems are in a 

preliminary stage, when the issue under investigation is new or emerging, or when the 

objective is to seek a better understanding of a problem and not necessarily to find 

definitive answers (Babbie, 2012).  This is the case in the present research, which 

investigated the use of blogs, microblogs, Q&A websites, and tagging applications and 

perceptions of learning.  Additionally, exploratory research is an adaptable approach that 

can address a variety of investigation types, including those where descriptive research 

questions are presented in a range of survey formats (Forza, 2002). 
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Much exploratory research is “highly flexible, with researchers following ideas, 

clues, and hunches as long as time and money constraints permit” (McDaniel & Gates, 

2010, p. 43).  Data collection methods for exploratory research designs can take several 

forms, including pilot studies, experience surveys, secondary data analysis, pilot studies, 

case analyses, and focus groups.  The Internet is proving to be an increasingly invaluable 

resource to locate an infinite number of critical external research resources.  The World 

Wide Web improves the efficiency with which the researcher can locate and retrieve 

online information that may be unavailable in other formats.  It also provides access to 

experts and other special-interest groups that might offer particular knowledge or insight 

to a research project.  Furthermore, “at the exploratory stage, a researcher might use any 

one or several of the online search engines to find information needed” (McDaniel & 

Gates, 2010, p. 44). 

Research Design 

The design is the overarching “framework or guide used for the planning, 

implementation, and analysis” of a research initiative (Sousa et al., 2007, p. 502).  This 

section will describe the quantitative methodology used in the study. 

Research Questions 

Because the research questions are critical in focusing the objective and purpose 

of the study (Onwuegbuzie & Leech, 2006), the researcher developed five descriptive 

questions to explore software engineer perceptions of learning using any of the 

asynchronous Web 2.0 interaction technologies—including blogs, microblogs, Q&A 

websites, and tagging applications—within the context of a software development 

environment.  The following five descriptive questions informed the design and 
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methodology employed in this study and helped to quantify responses on each of the 

study variables under review: 

1. Is there a difference in perceived learning between software engineers who 

frequently use asynchronous Web 2.0 interactions technologies (i.e., blogs, 

microblogs, Q&A websites, or tagging applications) and those who do not 

frequently use them? 

2. Are variables (such as frequency of use, years of software engineering 

employment, software industry field, age, gender, or level of education) related to 

perceived learning using blogs? 

3. Are variables (such as frequency of use, years of software engineering 

employment, software industry field, age, gender, or level of education) related to 

perceived learning using microblogs? 

4. Are variables (such as frequency of use, years of software engineering 

employment, software industry field, age, gender, or level of education) related to 

perceived learning using Q&A websites? 

5. Are variables (such as frequency of use, years of software engineering 

employment, software industry field, age, gender, or level of education) related to 

perceived learning using tagging applications? 

Research Procedures 

This investigation employed a prospective strategy to collect data, select an 

appropriate sample, and establish optimal measures and statistical analysis (Bohannon, 

1999). 
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Data Collection 

A common data collection method used in nonexperimental designs involves 

surveys and/or questionnaires (Sousa et al., 2007).  Data collection procedures for 

nonexperimental designs are often further classified according to the timing of data 

gathering (cross-sectional or longitudinal) or the timing of the event being studied 

(retrospective or prospective) (Fink, 2003).  Cross-sectional research affords data 

collection at a single point in time, a distinguishing feature of survey methodology.  It 

also enables the study of relationships between the observed variables in order to make 

comparisons across different types of respondents or participants (Belli, 2009).  Internet-

based data collection is a convenient mechanism to reach the software engineers, the 

subject of this study. 

Survey Methodology 

Survey methods—the use of questionnaires to gather data about people, their 

thoughts, and their behaviors—are useful to record variations in social life, including 

measurable attributes that can be ordered according to magnitude (Schutt, 2012b).  

Survey research design was chosen for this study to investigate software engineer 

perceptions of learning facilitated by blog, microblog, Q&A websites, and tagging 

applications in the software development environment.  This study employed a cross-

sectional survey approach to make inquiries of a subset of professional software 

developer respondents via an Internet-distributed Likert scale questionnaire (Bohannon, 

1999). 

Web-Based Data Collection 

Musch and Reips (2000) found that the data collected from web research were 
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highly consistent with the results obtained from experimental investigations.  Therefore, 

conducting web-based studies has “many advantages: 1) increased sample sizes, 2) 

increased sample diversity, 3) sample specialty assessment, 4) encouraged voluntary 

participation, 5) reduced research costs, and 6) minimized researcher bias” (Hsiao and 

Moore, 2006, pp. 56-57).  Furthermore, web-based surveys have been shown to be a 

useful quantitative survey methodology.  According to Singleton and Straits (1999), the 

survey methodology is an effective means of gathering detailed information about a large 

population while maintaining greater anonymity. 

Alternatively, disadvantages of web surveys include self-reported and self-

selection biases (Krosnick, 1999; Sax, Gilmartin, & Bryant, 2003; Singleton & Straits, 

1999) and biases that result from the nonrepresentative nature of the Internet population 

(Eysenbach, 2004), diminished control over research environment, difficulty in 

convincing subjects of the study benefits, and overcoming the construction of artificial 

identities (Hsiao & Moore, 2006).  Additionally, online surveys can have lower response 

rates (Eysenbach, 2004).  To address these shortcomings, the researcher implemented an 

oversampling strategy. 

Sampling Procedure 

Once the study population has been identified, it is important to consider how the 

sample within this group will be selected (Alexander & Wynia, 2007).  The degree to 

which those who receive the survey reflect the larger group from which they are drawn 

will affect the generalizability of survey findings and hence the survey’s relevance and 

usefulness.  The current study used a nonprobability survey design.  Convenience 

sampling was used in this study to reach the target population of software engineer 
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respondents.  Generally, 

non-probability survey designs are neither inferior nor superior to probability 

designs, rather, each design has strengths and limitations and should be chosen 

based on the research question, available resources, and the degree to which 

external validity of the findings is important. (Alexander & Wynia, 2007, pp. 145-

146) 

Sample Selection 

The participants of this study were employed software engineers who used any of 

the four asynchronous interaction technologies—blogs, microblogs, Q&A websites, and 

tagging applications—to discuss software development–related topics with their peers.  

Respondents were employed in a variety of organizations, including government, 

military, educational, research, commercial, information technology, and other 

organization types. 

Study participants were expected to self-identify as users of technology tools in 

their workplace settings for software development purposes.  Respondents might have 

been situated in any geographical area where the software engineering–related 

interactions transpired.  They must have had Internet access to receive, complete, and 

return the web-based survey.  Additionally, they should have been fluent in American 

English, yet could be ethnically and demographically diverse as representatives of the 

greater heterogeneous population.  Participants were informed that all respondent data 

would remain anonymous. 

http://www.thefreedictionary.com/heterogeneous
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Power Analysis 

Cohen (1992) established a tri-leveled benchmark to compare an experiment’s 

effect size where .20 is small, .50 is medium, and .80 is large.  Working within these 

parameters, a power analysis was conducted for the t-test and multiple regression 

statistical analysis methods.  To obtain a power of .75 and to detect an effect size < .30, a 

minimum sample size of 40 respondents per group for a total sample size of 80 

participants was required for the t-test calculations.  To obtain a power of .65 and to 

detect an effect size < .30, a minimum sample size of 60 respondents was required for the 

multiple regression calculations.  The researcher collected more than the required 

minimum responses to account for the loss of responses eliminated due to respondent or 

other errors. 

Setting 

The study was implemented using SurveyMonkey.com, a secure online survey 

administrator.  An online survey administrator was used for its shortened response rate, 

relative cost-effectiveness, and heightened accuracy and efficiency of data management 

and analysis (Ahern, 2005).  The online format also made it easier to reach a larger 

number of potential study participants without being in the same geographical region. 

Survey Monkey 

The study survey was formatted, maintained, and made available for prospective 

participants using the SurveyMonkey.com application.  To reach the largest number of 

software engineers within the defined convenience sample population, an appeal for 

anonymous participation was made to prospective participants in either of two ways.  One 

method involved a request posted on websites that are commonly used by software 
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engineers for information exchange (see Appendix A).  Table 8 lists the Internet 

networking websites on which the posting appeared. 

Table 8:  Internet Networking Websites 

Professional 
Networking 

Site 
Description Website Address 

Developers 
Shed 

A software developer Facebook forum for 
open source technologies.  Membership 
information is not available.  Over 600,000 
published posts. 

http://www.facebook.c
om/DevShed#!/DevSh
ed 

Facebook Software Engineering. Approximately 6,171 
members. 

http://www.facebook.c
om/#!/groups/Software
.Gardeners/ 

Facebook PhD Women’s Network. Approximately 347 
members. 

http://www.facebook.c
om/#!/groups/phdwom
ensnetwork/ 

LinkedIn Doctoral Students and Practitioners. 
Approximately 1,556 members. 

http://www.linkedin.co
m/groups?gid=194164
9&trk=myg_ugrp_ovr 

LinkedIn Software Engineering Professionals. 
Approximately 6,747 members. 

http://www.linkedin.co
m/groups?gid=154913
7&trk=myg_ugrp_ovr 

LinkedIn Thesis and Dissertation. Approximately 611 
members. 

http://www.linkedin.co
m/groups?viewMembe
rs=&gid=3470204&si
k=1351019738698 

Stack 
Overflow 

A collaboratively edited Q&A website for 
professional and enthusiast programmers.  
Membership information is not available.  
Over 32,000 web pages of member posts. 

http://stackoverflow.co
m/   

http://www.facebook.com/DevShed#!/DevShed
http://www.facebook.com/DevShed#!/DevShed
http://www.facebook.com/DevShed#!/DevShed
http://www.facebook.com/#!/groups/Software.Gardeners/
http://www.facebook.com/#!/groups/Software.Gardeners/
http://www.facebook.com/#!/groups/Software.Gardeners/
http://www.facebook.com/#!/groups/phdwomensnetwork/
http://www.facebook.com/#!/groups/phdwomensnetwork/
http://www.facebook.com/#!/groups/phdwomensnetwork/
http://www.linkedin.com/groups?gid=1941649&trk=myg_ugrp_ovr
http://www.linkedin.com/groups?gid=1941649&trk=myg_ugrp_ovr
http://www.linkedin.com/groups?gid=1941649&trk=myg_ugrp_ovr
http://www.linkedin.com/groups?gid=1549137&trk=myg_ugrp_ovr
http://www.linkedin.com/groups?gid=1549137&trk=myg_ugrp_ovr
http://www.linkedin.com/groups?gid=1549137&trk=myg_ugrp_ovr
http://www.linkedin.com/groups?viewMembers=&gid=3470204&sik=1351019738698
http://www.linkedin.com/groups?viewMembers=&gid=3470204&sik=1351019738698
http://www.linkedin.com/groups?viewMembers=&gid=3470204&sik=1351019738698
http://www.linkedin.com/groups?viewMembers=&gid=3470204&sik=1351019738698
http://stackoverflow.com/
http://stackoverflow.com/
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A second method of reaching prospective study participants was through 

electronic mail.  Email invitations were distributed to approximately 27 professional 

software engineer associates of the researcher and their colleagues who indicated 

willingness to contribute to the development of this research (see Appendix B).  The 

email invitation identified the researcher, the principal investigator, and the research 

institution and described the study purpose.  It also indicated that participation in the 

study was voluntary, encouraged participation via an embedded link to the 

SurveyMonkey.com questionnaire, described how participant anonymity would be 

maintained, and provided a method to contact the University’s Office of Human Research 

for additional information.  Respondents were advised that completion of the survey 

should not exceed 25 minutes, that minimal risks were anticipated, and that participation 

could have been withdrawn any time without consequences. 

Subsequent Participant Invitations 

A second round of invitations for participation was distributed to all potential 

respondents 2 weeks after the initial data collection procedures were launched.  This 

request replicated the initial invitation except that it included a thank you to the software 

engineers who previously completed the survey and a reminder to others that their timely 

participation would contribute to the development of this research in important ways.  It 

was anticipated that a sufficient number of responses would be returned within 1 month 

of survey availability. 

Data Collection Activity Schedule 

Table 9 highlights weekly data-gathering tasks.  Data collection began on 

Monday, November 26, 2012, and continued for 4 weeks through midnight (EST) 
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Sunday, December 23, 2012.  On Monday, December 10, 2012, the start of Week 3, the 

researcher reposted and emailed the invitation to contribute to this research to all 

prospective study participants.  Data analysis activities began at the close of Week 4. 

Table 9:  Data Collection Activity Schedule 

Timeline Description Research Activity  

Week 1 

Launch data collection activities Post message on Internet networking 
websites (see Appendix A) 

Launch data collection activities Distribute email invitation (see 
Appendix B) 

Verify survey functionality  Check the total response count, 
percentages, respondent count, 
response averages, etc. 

Week 2 Verify survey functionality  Check the total response count, 
percentages, respondent count, 
response averages, etc. 

Week 3 

Repeat data collection activities Repost reminder message on Internet 
networking websites 

Repeat data collection activities Redistribute email invitation  
Verify survey functionality  Check the total response count, 

percentages, respondent count, 
response averages, etc. 

Week 4 Verify survey functionality  Check the total response count, 
percentages, respondent count, 
response averages, etc. 

Close of 
Week 4 

Terminate data collection 
activities 

Close survey and begin data analysis 

Instrumentation 

A survey developed by Halic et al. (2010) was selected as the data collection 

instrument for this study.  The survey addressed college students’ perceived learning and 

sense of community within a traditional learning environment where student interactions 

were supported via Web 2.0 blog discussions.  An assumption underlying these 

interactions was that learning occurs by means of engagement enabled by the 

asynchronous nature of the dialogue modality (Halic et al., 2010).  Validity of the 

instrument was established by performing factor analysis.  Permission to use a version of 
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the Halic et al. (2010) instrument adapted for this study was obtained (see Appendix C). 

The Halic et al. (2010) survey was recently used to investigate the effectiveness of 

blog dialogue for perceptions of learning by college students in an instructional design 

course (Kiliç & Gökdaş, 2011).  These researchers also conducted a factor analysis to 

ensure that the instrument’s validity was maintained as it was translated from English to 

Turkish.  Validity and reliability were also confirmed in this subsequent study. 

Minor revisions were completed on the Halic et al. (2010) survey to more 

accurately fulfill the purposes of the current study (see Appendix D).  The Halic et al. 

(2010) instrument was composed of two dimensions:  perceived learning and sense of 

community.  The perceived learning dimension included seven items to record student 

perceptions of learning facilitated by blog discussions.  This dimension was repeated 

three additional times for the current study to record perceived learning facilitated by 

microblog, Q&A website, and tagging application discussions. 

The sense of community dimension included six items that were developed to 

investigate attitudes related to community building as part of Web 2.0–supported 

interactions.  Three of the six items in the original study were retained yet slightly revised 

to better address study participants.  As was done for the perceived learning dimension 

above, the three remaining sense of community items were repeated three times to record 

community connectedness facilitated by microblog, Q&A website, and tagging 

application interactions.  (Sense of community was not a focus of the current study). 

The other items in the original study “recorded demographic data (i.e., age, 

gender, and class level) and self-reported technology knowledge such as familiarity with 

computers and previous experience with blogs and other technology tools” (Halic et al., 
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2010, p. 209).  Six of the original fifteen other items were retained and adapted for the 

current study to better address the research purpose.  These items recorded other 

technology uses and individual data (such as frequency of use, years of software engineer 

employment, software industry field, age, gender, and level of education).  Lastly, the 

subject population was adapted from student to software engineer. 

Each of the perceived learning and sense of community items was rated on a five-

point Likert-type scale and included the response values in Table 10. 

Table 10:  Likert Scale and Response Values 

Likert Scale Response Scale Value 
Strongly Agree 5 

Agree 4 
Neutral 3 

Disagree 2 
Strongly Disagree 1 

Five of the six adapted other items were rated similarly on a five-point Likert-type 

scale.  “In the behavioral and social sciences, it is common to use self-reported 

questionnaires, often containing Likert or other rating scales to measure participant 

perceptions or their associated latent constructs” (Choi, Peters, & Mueller, 2010, p. 460). 

The remaining item, gender, was rated as depicted in Table 11. 

Table 11:  Gender Scale and Response Values 

Gender Response Scale Value 
Male 1 

Female 0 

The adapted and original instrument items are presented in Table 12.  Original 

Halic et al. (2010) survey items appear on the right side of the table; adaptations to the 

original survey items are included on the left.  Bracketed terms indicate where survey 

item revisions were made to suit the target population of professional software engineers.  
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Seven new items were developed to address perceived learning for each of the additional 

technologies (microblogs, Q&A websites, and tagging applications) that were not 

considered in the original survey. 
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Table 12:  Halic et al. (2010) Original and Adapted Perceived Learning Survey Items 

Adapted Survey Items Original Halic et al. (2010) Items 
Perceived Learning Items Perceived Learning Items 

[Blog/Microblog/Q&A Website/Tagging Application] Items [Blog] Items 
Perceived learning survey items are numbered 1 – 28 

Items 1 – 7 address Blogs 
Items 8 – 14 address Microblogs 
Items 15 – 21 address Q&A Websites 
Items 22 – 28 address Tagging Applications 

1, 8, 15, 22 The [Blog/Microblog/Q&A Website/Tagging Application] 
discussions help me to share my knowledge and experience 
with my peers. 

The [Blog] discussions help me to share my 
knowledge and experience with my peers. 

 2, 9, 16, 23 I believe that incorporating [Blogs/Microblogs/Q&A 
Websites/Tagging Applications] with [software 
development] can enhance my learning experience in 
general. 

I believe that incorporating [Blogs] with 
[teaching] can enhance my learning 
experience in general. 

 3, 10, 17, 24 Other [software engineers’] comments on my 
[Blog/Microblog/Q&A Website/Tagging Application] are 
important. 

Other [students’] comments on my [Blog] are 
important. 

 4, 11, 18, 25 [Blog/Microblog/Q&A Website/Tagging Application] 
discussions help me understand other points of view. 

[Blog] discussions help me understand other 
points of view. 

 5, 12, 19, 26 [Blog/Microblog/Q&A Website/Tagging Application] 
discussions have made me think about [software 
development] concepts outside of this [project]. 

[Blog] discussions have made me think about 
[nutrition] concepts outside of this [class]. 

 6, 13, 20, 27 My point of view has been acknowledged by my 
[Blog/Microblog/Q&A Website/Tagging Application] 
peers and / [team task leader] in this [project]. 

My point of view has been acknowledged by 
my peers in this [course]. 

 7, 14, 21, 28 Overall, using the [Blog/Microblog/Q&A 
Website/Tagging Application] has helped me learn. 

Overall, using the [Blog] has helped me learn. 
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Three of the six original sense of community survey items were retained and 

adapted in the revised instrument.  These are presented in Table 13. 
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Table 13:  Halic et al. (2010) Original and Adapted Sense of Community Survey Items 

Adapted Survey Items Original Halic et al. (2010) Questions 

Sense of Community Items  Sense of Community Items 
Sense of community items are numbered 29 – 40 

Items 29 – 31 address Blogs 
Items 32 – 34 address Microblogs 
Items 35 – 37 address Q&A Websites 
Items 38 – 40 address Tagging Applications 
— Removed from the adapted instrument I visit our nutrition blog more than required by my 

instructor. 
29, 32, 
35, 38 

The [Blog/Microblog/Q&A Website/Tagging 
Application] helps me feel connected to other 
[software engineers] on this [project]. 

The [Blog] helps me feel connected to other [Students] in 
this [course]. 

30, 33, 
36, 39 

Due to the [project Blog/Microblog/Q&A 
Website/Tagging Application], I feel that I am 
an important part of our [software 
development] community. 

Due to the [class Blog], I feel that I am an important part 
of our [classroom] community. 

31, 34, 
37, 40 

I have been stimulated to do additional 
reading or research on topics discussed on the 
[Blog/Microblog/Q&A Website/Tagging 
Application]. 

I have been stimulated to do additional reading or 
research on topics discussed on the [Blog]. 

— Removed from the adapted instrument 
In comparison to my other classes, the amount of my 
interaction with other students in this class has increased 
due to the blog. 

— Removed from the adapted instrument 
In comparison to my other classes, the quality of my 
interaction with other students in this class has increased 
due to the blog. 
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Table 14 presents participant data and self-reported items that were captured in 

the new instrument (see Appendix D).  Again, original survey items appear on the right 

side of the table; adapted items appear on the left.  These additional items were revised 

for software engineer participants and were presented in the other items section of the 

survey. 
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Table 14:  Halic et al. (2010) Original and Adapted Other Items 

Adapted Survey Items Original Halic et al. (2010) 
Other Items Other Items 

41.  
I frequently use Web 2.0 interaction 
technologies (i.e., blogs, microblogs, 
Q&A websites, or tagging 
applications) 

1. At the beginning of the semester, I was very 
concerned about using blogs in Nutrition 100 (i.e., 
lack of time, lack of technical skills). 

42.  Years of software engineer 
employment 

2. My knowledge of computer technology at the 
beginning of the course was quite limited. 

43.  Software industry field 3. My familiarity with computer technology has 
increased because of this class. 

44.  Age 4. It is important for the blog to be user-friendly. 

45.  Gender 5. A large number of posts does not inhibit my ability 
to communicate. 

46.  Level of education 6. My comfort level when using blogs in Nutrition 
100 is very high. 

 

7. I believe that blogs will eventually replace class 
lectures. 

8. I regularly use other technology tools (i.e., 
Facebook, iTunes, video gaming). 

9. Age 
10.  Gender 

11.  Year at university 
12.  Major 
13.  Length of previous experience using blogs 
14.  After this course I would rate my level of 

computer expertise as 
15.  The grade I expect to receive in this course is 
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Research Question and Survey Item Alignment 

Survey items should be constructed to achieve the purpose of the research.  They 

must therefore be closely aligned with a research question.  Purposeful survey items 

enable the respondent to identify the relationship between the intent of the item and the 

objective of the survey in a straightforward and uncomplicated manner (Fink, 2003).  

Effective surveys are those that elicit informative participant responses that fulfill the 

research objective. 

Each research question is listed below, along with the corresponding survey items 

that it addressed. 

Research Question 1:  Is there a difference in perceived learning between software 

engineers who frequently use asynchronous Web 2.0 interactions technologies [blogs, 

microblogs, Q&A websites, or tagging applications] and those who do not frequently use 

them? 

Responses for survey items 1-7 are arranged on a five-point Likert scale and have 

the following corresponding values: 

1. The [blog, microblog, Q&A website, or tagging application] discussions help 

me to share my knowledge and experience with my peers. 

5 4 3 2 1 
Strongly 

Agree 
Agree Neutral Disagree Strongly 

Disagree 

2. I believe that incorporating [blogs, microblogs, Q&A websites, or tagging 

applications] with software development can enhance my learning experience 

in general. 

5 4 3 2 1 
Strongly 

Agree 
Agree Neutral Disagree Strongly 

Disagree 
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3. Other [software engineers’] comments on my [blogs, microblogs, Q&A 

websites, or tagging applications] are important. 

5 4 3 2 1 
Strongly 

Agree 
Agree Neutral Disagree Strongly 

Disagree 

4. [Blog, microblog, Q&A website, or tagging application] discussions help me 

understand other points of view. 

5 4 3 2 1 
Strongly 

Agree 
Agree Neutral Disagree Strongly 

Disagree 

5. [Blog, microblog, Q&A website, or tagging application] discussions have 

made me think about software development concepts outside of this project. 

5 4 3 2 1 
Strongly 

Agree 
Agree Neutral Disagree Strongly 

Disagree 

6. My point of view in [blog, microblog, Q&A website, or tagging application] 

discussions has been acknowledged by my peers and/or team task leader. 

5 4 3 2 1 
Strongly 

Agree 
Agree Neutral Disagree Strongly 

Disagree 

7. Overall, using the [blog, microblog, Q&A website, or tagging application] has 

helped me learn. 

5 4 3 2 1 
Strongly 

Agree 
Agree Neutral Disagree Strongly 

Disagree 
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Research Question 2:  Are variables (such as frequency of use, years of software 

engineering employment, software industry field, age, gender, or level of education) 

related to perceived learning using blogs? 

Research Question 3:  Are variables (such as frequency of use, years of software 

engineering employment, software industry field, age, gender, or level of education) 

related to perceived learning using microblogs? 

Research Question 4:  Are variables (such as frequency of use, years of software 

engineering employment, software industry field, age, gender, or level of education) 

related to perceived learning using Q&A websites? 

Research Question 5:  Are variables (such as frequency of use, years of software 

engineering employment, software industry field, age, gender, or level of education) 

related to perceived learning using tagging applications? 

Responses for survey items 41-46 are also arranged on a five-point Likert scale 

and have the following corresponding values: 

41. I frequently use Web 2.0 interaction technologies (i.e., blogs, microblogs, Q&A 

websites, or tagging applications) 

5 4 3 2 1 
Strongly 

Agree 
Agree Neutral Disagree Strongly 

Disagree 

42. Years of software engineer employment 

5 4 3 2 1 
0 to ≤ 3 
Years 

> 3 to ≤ 9 
Years 

> 9 to ≤ 20 
Years 

> 20 to ≤ 30 
Years 

> 30 
Years 
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43. Software industry field 

5 4 3 2 1 
Government Military/ 

Defense 
Educational/ 

Research 
IT/Commercial  Non-profit/ 

Other 

44. Age 

5 4 3 2 1 
21 to ≤ 29 

Years 
> 30 to ≤ 39 

Years 
> 40 to ≤ 49 

Years 
> 50 to ≤ 59 

Years 
> 59 

Years 

45. Gender 

1 0 
Male Female 

46. Level of education 

5 4 3 2 1 

High School 
Only 

AA/Some 
College/ 

Certificate 
Bachelors Masters Doctorate 

Data Analysis 

Descriptive statistics were calculated for every participant on each of the variables 

under review in this study, as depicted in Table 15. 

Table 15:  Dependent and Independent Study Variables 

Dependent Variables Independent Variables 
• Perceived Learning from Blogs 
• Perceived Learning from 

Microblogs 
• Perceived Learning from Q&A 

Websites 
• Perceived Learning from Tagging 

Applications 

• Frequency of use 
• Years of software engineering employment 
• Software industry field 
• Age 
• Gender 
• Level of education 

For the first research question, independent t-tests of means were calculated to 

compare the mean differences in perceived learning between software engineers who are 

classified as frequent users and those who are nonfrequent users.  Two primary 
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assumptions for the t-test are (1) population data from which the sample data are drawn 

are normally distributed and (2) population variances to be compared are equal (Hays, 

1963).  Based on the respondents’ reporting of frequency of use, the sample was divided 

into two groups:  frequent users (those whose responses were valued at 5 and 4) and non–

frequent users (those whose responses were valued at 3, 2, and 1).  Frequency of use was 

recorded on a five-point Likert scale as follows: 

Frequent Users Non–frequent users 
5 4 3 2 1 

Very Often 
(Hourly) 

Often 
(Daily) 

Sometimes 
(Weekly) 

Seldom 
(Monthly) Never 

This classification was adopted from an earlier study that investigated the perceived 

usefulness of a learning strategy on a frequency-of-use scale (Fan, 2003). 

Research Questions 2-5 used multiple regression calculations to analyze 

perceived learning using blogs, microblogs, Q&A websites, or tagging applications as 

follows: 

1. Perceived Learning (blogs) = b0 + b1(Frequency of use) + b2(Years of Employment) + 

b3(Industry) + b4(Age) + b5(Gender) + b6(Ed level) + e 

2. Perceived Learning (microblogs) = b0 + b1(frequency of use) + b2(Years of Employment) 

+ b3(Industry) + b4(Age) + b5(Gender) + b6(Ed level) + e 

3. Perceived Learning (Q&A websites) = b0 + b1(frequency of use) + b2(Years of 

Employment) + b3(Industry) + b4(Age) + b5(Gender) + b6(Ed level) + e 

4. Perceived Learning (tagging applications) = b0 + b1(frequency of use) + b2(Years of 

Employment) + b3( Industry) + b4(Age) + b5(Gender) + b6(Ed level) + e 
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Multiple regressions rely on four assumptions: 

1. Study variables have normal distributions. 

2. The relationship between independent and dependent variables is linear. 

3. The measurement of research variables is reliable.  Because of the nature of social 

science research, many variables of interest are difficult to measure, making 

measurement error a particular concern. 

4. There is a similar variance of errors across all levels of the independent variable.  

This assumption is necessary because of the homoscedasticity in multiple regressions 

(Osborne & Waters, 2002). 

Bivariate correlations were calculated for all of the variables in the regression 

model.  The researcher screened the relationships between all variables using bivariate 

correlations.  An alpha of .05 was used to determine statistical significance and also to 

check for multicollinearity, or associations between independent variables.  A Shapiro-

Wilkes was run to test distribution normality of the study sample.  Distributions for 

Perceived Learning (blogs), Perceived Learning (Q&A websites), and Perceived Learning (tagging 

applications) was not acceptable; therefore normality was rejected.  Mann-Whitney U tests 

were run for each of these dependent variables yet results were consistent with those 

produced in the original t-tests. 

Reliability 

Cronbach’s alpha in the original Halic et al. (2010) study was 0.874 for perceived 

learning, a value that indicated a good to excellent internal consistency (Halic et al., 

2010).  Cronbach’s alpha for the perceived learning dimension was 0.767 in the second 

study that used the original instrument (Kiliç & Gökdaş, 2011); this value indicated good 
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reliability as well.  The researcher used the following cutoffs to determine reliability for 

the sample for the current study:  adequate reliability > 0.70, good reliability > 0.80, and 

excellent reliability > 0.90. 
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Human Participants and Ethical Considerations 

Risks to Human Participants 

The risk to participants was expected to be minimal because participation was 

voluntary, and data were collected through a secure SurveyMonkey.com–distributed 

instrument.  Additionally, the data were not sensitive in nature, and no names, locations, 

or other participant identifiers linked to their responses were collected.  The research 

study did not disrupt or manipulate participants’ normal life experiences. 

SurveyMonkey.com incorporated state-of-the-art technology to protect anonymity 

and confidentiality.  Secure Socket Layer encryption technology was used to secure the 

Internet connection between the participant and the SurveyMonkey.com server.  This 

type of “encryption is frequently used in online banking or on sites that transmit 

privileged, confidential, or secured information” (SurveyMonkey, 2011).  Furthermore, 

the administrator did not track respondent answers, Internet protocol (IP) addresses, or 

email addresses.  These security measures prevented the researcher from tracing any 

participant information, including their survey responses. 

The cost to the respondents was the time required to complete the 46-item survey.  

This time was estimated to be less than 25 minutes.  Participants were not compensated 

financially for their time, and they were advised that completion of the survey implied 

informed consent to participate. 

The researcher adhered to the ethical and human consideration guidelines 

described by the George Washington University Institutional Review Board (IRB). 
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Expert Review Panel 

The researcher assembled a panel of experienced software engineers to review 

and evaluate the adapted Halic et al. (2010) survey items.  The five subject matter experts 

(SMEs) were selected based on their willingness to contribute to this research.  

Additionally, they expressed an interest in the emerging Web 2.0 technology and learning 

literature.  Their advice about the clarity, wordiness, balance, and use of jargon in the 

construction of each survey item was considered in the revised questionnaire that was 

distributed to study participants. 

Five SME panelists who were known or recommended to the researcher were 

contacted by email.  An invitation to evaluate the adapted instrument was delivered to 

panel members during proposal development on Friday, October 19, 2012 (see Appendix 

E).  Panelists received a description of the research purpose, research questions, and a 

survey rubric that included specific guidance to complete and return their evaluations by 

email (see Appendix F).  They were encouraged to contact the researcher via email with 

questions to clarify research concerns.  They were asked to return completed rubrics 

within 3 days of receiving the invitation.  The researcher confirmed that IRB involvement 

was not required to correspond with panel experts and solicit their advice. 

Three responses were received by Monday, October 22, 2012.  The fourth 

response was received Tuesday, October 23, 2012.  The final response was received the 

next day, Wednesday, October 24, 2012.  For purposes of convenient display and 

compilation of SME responses, panelists’ rubrics were labeled A-E as each document 

was received.  Their reviews are compiled in Table 16. 



 

90 

Table 16:  Subject Matter Expert Review Summary 

Criteria Operational Definitions 

Clarity The questions are direct and specific. 
Wordiness Questions are concise. 
Balance The questions are unbiased and do not lead the 

participants to a response. 
Use of Jargon The terms used are understandable by the target 

population. 
Appropriateness of 
Responses Listed 

The choices listed allow participants to respond 
appropriately.  

 
SME Comments 

A “All questions were clear and not confusing.  These terms should be easily 
understandable to software developers who use these technologies.” 

B “My only suggestion is that you provide a definition for Asynchronous Web 2.0 
Interaction technologies and perceived learning in your research question.” 

C “You should have no more than 50 survey questions.  That way, you will 
probably have a better chance in getting the kinds of response rates you need for 
your research.” 

D “Donna, your questions look pretty good.  Thank you for including me in your 
review panel.  I look forward to seeing this research when you finish.” 

E “My suggestion is for the rubric.  Instead of using scores values of 2 for 
Meets/Exceeds Expectations and 1 for Below Expectations, I would encourage 
you to use ‘1’ and ‘0.’  Software engineers think in terms of ‘1’ and ‘0.’  For 
them, ‘1’ indicates that a change is needed and ‘0’ indicates that no changes are 
required.” 

Based on a review of the compiled SME evaluations of the adapted survey items, 

the researcher included a definition of asynchronous Web 2.0 interaction and each of the 

four technologies investigated in the Internet networking website posting (see Appendix 

A) and email invitation (see Appendix B). 
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Conclusion 

This chapter presented the justification for the selection of quantitative 

nonexperimental exploratory survey research methodology as a means to investigate 

perceived learning by the software engineer as facilitated by blog, microblog, Q&A 

website, and tagging application interactions in the software development environment.  

The research design, questions, instrumentation, participant selection, sampling 

procedures, expert panel, data collection, and analysis procedures were discussed.  

Finally, the university research requirements were described.  
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CHAPTER 4:  RESULTS 

Overview 

This chapter describes the analysis and results of the data collected from the web-

based survey.  An adapted Halic et al. (2010) questionnaire was developed to investigate 

perceived learning in a subset of professional software developer respondents.  These 

professionals were asked about their use of Web 2.0 interaction technologies (blogs, 

microblogs, Q&A websites, and tagging applications) in the context of a software 

development environment.  The purpose of the study was to address the lack of research 

conducted to investigate learning on emerging interaction platforms by professionals in 

high-technology workplace settings.  Perceived learning was the dependent variable of 

interest and was self-reported by software engineer respondents.  All survey data were 

collected and compiled by SurveyMonkey.com and exported into a Microsoft Excel 

spreadsheet.  The content of the spreadsheet was reviewed to identify obviously flawed 

entries before data was exported for analysis. 

Data Analysis 

SPSS 21.0 was used to complete statistical analyses for this study.  Study data was 

evaluated using a t-test of independent group means and multiple regression analysis to 

estimate the relationships between study variables.  Independent t-tests of means were 

calculated to compare the mean differences in perceived learning between software 

engineers classified as frequent users and those who were classified as non–frequent 

users.  Multiple regressions were used to analyze perceived learning using blogs, 

microblogs, Q&A websites, or tagging applications.  Bivariate correlations were 

calculated for all of the variables in the regression model to screen the relationships 
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between all variables.  An alpha of .05 was used to determine statistical significance and 

also to check for multicollinearity, or associations between independent variables. 

Halic et al. (2010) Survey Adaptation 

The previously validated Halic et al. (2010) survey was slightly adapted for this 

study population and additional technologies (see Appendix D).  The original instrument 

was developed to test perceived learning and sense of community by college students in 

a classroom blogging environment.  Perceived learning and sense of community 

dimensions included in the original questionnaire were maintained in the adapted 

version.  The perceived learning dimension in the adapted survey included seven items 

to capture software engineer perceptions of learning facilitated by their software 

development interactions via blogs, microblogs, Q&A websites, and tagging 

applications.  Likert responses were developed on a 5-point scale; most values ranged 

from strongly agree, agree, neutral, disagree, to strongly disagree.  Six of the survey 

items were used to collect specific information about software engineer respondent 

demographic data (frequency of use, years of employment, employer type, age, and level 

of education).  The last demographic item (gender) required selection of a categorical 

response option.  Adapted sense of community items were similarly modified to identify 

community-building interactions throughout software development processes using each 

of these four interaction technologies.  Sense of community was not a focus of the 

current study.  No item could be left unanswered. 

Description of the Sample 

Virtual participation in this study allowed for the inclusion of responses from 

members of a software engineering community without regard to their physical location.  
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More specifically, the study population targeted professional software engineers employed 

in a wide variety of software development environments.  The sample drawn from this 

population included software engineers who responded to an invitation and voluntarily 

agreed to participate in this research. 

Invitation to Potential Study Participants 

Potential respondents were solicited by communications that were specifically 

crafted to increase response rates.  Austin, Richter, and Reinking (2008) suggested that 

solicitations be personalized to inform respondents that they are part of a select group 

asked to complete the survey and that their responses should be received within a specific 

time period.  To this end, a link to the survey was embedded in the requests for study 

participation.  The link provided quick and easy access to the web-based questionnaire. 

Invitations were sent to prospective software engineer participants in two ways.  

A request to complete the survey was posted on several websites that are commonly used 

by software engineers for information exchange (see Appendix A).  Email invitations 

were also distributed to 27 professional software engineer associates of the researcher and 

their colleagues who indicated a willingness to participate in this research (see Appendix 

B).  The website announcements and email invitations provided a short description of the 

study purpose and questionnaire, the total time anticipated to complete the survey, a 

review of minimal risks, and a notice that participation was voluntary.  Communications 

were developed by the researcher to inform participants that the study was conducted 

under the direction of a George Washington University (GWU) professor.  Each message 

provided a means to contact the investigator or the GWU Office of Human Research for 
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additional study information prior to participation, and indicated that respondent 

anonymity would be maintained. 

Weekly Participant Responses 

A significant number of web-based survey responses can reasonably be expected 

within a 4-week period of data collection (Alreck & Settle, 2004).  Accordingly, the 

SurveyMonkey.com questionnaire was made available to prospective software engineer 

participants from Monday, November 26, 2012, to midnight EST Sunday, December 23, 

2012, a period of 4 weeks.  Most of the responses were received by the close of Weeks 1 

and 3, at 45 responses each.  Two additional incomplete responses were received during 

Week 3 yet were excluded from the final analysis.  Responses for the remaining two 

weeks were much lower, with 14 responses received in Week 2 and 10 responses received 

during the final week of data collection.  It was not possible to estimate response rates 

because the population of software engineers who either reviewed one of the website 

postings or received an email invitation to participate in this research could not be 

determined. 

The researcher developed a reminder notice which was posted on the targeted 

websites and distributed to each of the known associates at the midpoint of the 4-week 

data collection period.  This strategy is described by Austin et al. (2008) as an effective 

way to maximize survey responses.  The second invitation was distributed Monday, 

December 10, 2012, which served as a reminder to the prospective participants to 

complete the web-based survey and thanked those who had already done so.  The survey 

was designed so that respondents were required to answer each question before moving 

to the next section. 
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Reliability 

Cronbach’s alpha in the original Halic et al. (2010) study was 0.874 for perceived 

learning, a value that indicated a good to excellent internal consistency (Halic et al., 

2010).  Cronbach’s alpha for the perceived learning dimension was 0.767 in the second 

study that used the original instrument (Kiliç & Gökdaş, 2011); this value indicated good 

reliability as well.  The following cutoffs were established in the current study to 

determine reliability for the sample:  adequate reliability > 0.70, good reliability > 0.80, 

and excellent reliability > 0.90.  The Cronbach's alpha used in the current analysis to 

measure internal consistency for each of the adapted survey items exceeded 0.90.  The 

high reliability results obtained in this study were confirmed and are attributed to the 

homogeneity of the sample of software engineer respondents rather than to redundancy in 

the adapted survey items.  A factor analysis in subsequent research could explain 

correlations among multiple outcomes as the result of one or more underlying 

explanations or factors. 

Descriptive Statistics 

Blogs 

Descriptive statistics were calculated for each of the seven items for the blog 

scale.  The item means ranged from 3.01 (sd = 1.09) to 3.89 (sd = 1.00).  The lowest 

scoring item was the blog item 6 “My point of view in blog discussions has been 

acknowledged by my peers and/team task leader”.  The highest scoring items were blog 

item 1 “The blog discussions help me to share my knowledge and experience with my 

peers”, and blog item 7 “Overall, using the blog has helped me learn”. 



 

97 

Microblogs 

Descriptive statistics were calculated for each of the seven items for the 

microblog scale.  The item means ranged from 2.97 (sd = 1.10) to 3.95 (sd = 0.80).  The 

lowest scoring item was the microblog item 6 “My point of view in microblog 

discussions has been acknowledged by my peers and/team task leader”.  The highest 

scoring item was microblog item 7 “Overall, using the microblog has helped me learn”. 

Q&A Websites 

Descriptive statistics were calculated for each of the seven items for the Q&A 

scale.  The item means ranged from 2.89 (sd = 1.09) to 3.63 (sd = 1.04).  The lowest 

scoring item was the Q&A item 6 “My point of view in Q&A discussions has been 

acknowledged by my peers and/team task leader”.  The highest scoring item was Q&A 

item 1 “The Q&A discussions help me to share my knowledge and experience with my 

peers”. 

Tagging Applications 

Descriptive statistics were calculated for each of the seven items for the tagging 

applications scale.  The item means ranged from 2.80 (sd = 1.01) to 3.62 (sd = 1.03).  The 

lowest scoring item was the tag item 6 “My point of view in tags discussions has been 

acknowledged by my peers and/team task leader”.  The highest scoring item was tag item 

1 “The tag discussions help me to share my knowledge and experience with my peers”. 

Demographic Frequencies 

A total of 116 software engineer survey respondents attempted to complete the 

questionnaire; however two respondents (1.7%) did not successfully complete the entire 
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survey.  These two incomplete responses were removed from the analysis.  The resulting 

sample was composed of 114 respondents. 

Frequency of Use 

Respondents were asked to categorize their use of asynchronous Web 2.0 

interactions according to the frequency values on a five-point Likert scale.  Of the 114 

software engineers included in the sample, 44.7% reported that they use these 

technologies on an hourly basis, 27.2% agreed that they are daily users, 11.4% are 

weekly users, 13.2% seldom use and 3.5% of the respondents never use Web 2.0 

interaction technologies in their software development environments.  To compare the 

means of frequent and non-frequent users of Web 2.0 interaction technologies, these five-

point Likert frequency of use responses were recoded to further divide the survey 

respondents into two groups as depicted in Table 17. 

Table 17:  Frequent Users / Non-Frequent Users Scale 

Group 1 (Frequent Users) Group 2 (Non-Frequent Users) 

5 4 3 2 1 
Very Often 

(Hourly) 
Often 

(Daily) 
Sometimes 
(Weekly) 

Seldom 
(Monthly) Never 

Accordingly, 71.9% of the respondents were categorized as “frequent users” users, while 

28.1% were recoded as “non-frequent” users. 

Years of Experience 

Of the 114 study participants, 14.0% have more than 30 years of work experience, 

21.1% reported between 20-30 years of work experience, 28.1% between 9-20 years of 

work experience, 21.1% between 3-9 years of work experience, and 15.8% have between 

0-3 years of experience as a professional software engineer. 
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Industry Type 

Table 27 depicts the distribution of respondent industry categories.  Slightly more 

than a quarter of the survey respondents (25.4%) are employed in the non-profit/other 

business sector, 21.9% are employed in the technology/commercial industry, 16.7% work 

for an educational/research organization, 17.5% for the military/defense sector, and 

18.4% are employed in a government entity. 

Age 

The smallest portion of respondents (13.2%) are older than 59 years of age, 22.8% 

are between 50-59 years of age, 21.1% are between 40-49 years of age, 21.9% are 

between 30-39 years of age, and 21.1% are between 21-29 years of age. 

Gender 

Most of the study respondents identify as men (68.4 %) while 31.6 % identify as 

women. 

Level of Education 

Responding software engineers with a doctorate make up 8.8% of the sample, 

participants with a master’s degree are 45.6% of the sample, participants with a 

bachelor’s degree are 34.2% of the sample, participants with an AA/some 

college/certificate are 9.6% of the sample, and participants whose highest level of 

education was a high school degree are 1.8% of the sample. 

Summary of Demographic Frequencies 

Most of the responding software engineers indicated that they use Web 2.0 

interaction technologies in their workplaces on an hourly basis.  Software engineers at all 

experience levels use at least one of the Web 2.0 technologies that are the focus of this 
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research to interact with their colleagues.  Study respondents indicated that they use Web 

2.0 interaction technologies fairly evenly across all the industries that employ them.  

Participants from all age categories use Web 2.0 interaction technologies to communicate 

with their peers.  Both men and women reported using Web 2.0 interaction technologies 

to complete software development tasks.  Software engineer respondents have completed 

a variety of formal education levels. 

Results of Perceived Learning by Frequency of Use 

The purpose of the first research question was to determine whether a difference 

existed in self-reported perceived learning by software engineers who frequently used 

asynchronous Web 2.0 interactions technologies (e.g., blogs, microblogs, Q&A websites, 

or tagging applications) and those who reported using them infrequently.  Independent t-

tests of means were calculated to compare the mean differences in perceived learning 

between software engineers who were classified as frequent users and nonfrequent users. 

Frequency of use results identified 82 high frequency users and 32 low frequency 

users.  The mean perceived learning score of high frequency users of blogs was 26.8 (s = 

4.4) while the mean score for low frequency blog users was 21.7 (s = 6.7).  The mean 

perceived learning score of high frequency users of microblogs was 26.0 (s = 5.2) while 

the mean score for low frequency microblog users was 21.8 (s = 6.3).  The mean 

perceived learning score of high frequency Q&A users was 24.6 (s = 5.4) while the mean 

score for low frequency Q&A users was 19.5 (s = 6.8).  The mean perceived learning 

score of high frequency tag users was 24.0 (s = 5.1) while the mean score for low 

frequency tag users was 20.2 (s = 7.5). 
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Table 18 contains the results that address research question one.  Mean perceived 

learning scores for blogs, microblogs, Q&A websites, and tagging applications were 

compared between high frequency users and low frequency users.  An independent 

samples t-test was conducted to determine if a significant mean difference existed 

between the two groups relative to the spread or variability of each of the four perceived 

learning scales.  The results of the four independent samples t-tests are included below. 

Table 18:  Mean Differences Between Users Frequencies 

Scale Mean 
Difference 

Std. 
Error t df 95% CI 

Perceived Learning Blog 5.2 1.3 4.07** 41.8+ 2.6 7.7 
Perceived Learning MB 4.1 1.2 3.59** 112.0 1.9 6.4 
Perceived Learning Q&A 5.1 1.2 4.24** 112.0 2.7 7.5 
Perceived Learning Tags 3.8 1.4 2.66* 42.6+ 0.9 6.8 

+ Equal variances not assumed (Levene's F test statistically significant, p < 0.05) 
* Statistically significant p < 0.05 
** Statistically significant p < 0.01 

The mean difference between high frequency users and low frequency users for 

the perceived learning scale using blogs was statistically significant (mean difference = 

5.2, t = 4.07, p < 0.01).  The mean difference for high frequency users was significantly 

greater than the mean score for low frequency users for the scale of perceived learning 

blog. 

The mean difference between high frequency users and low frequency users for 

the perceived learning scale using microblogs was statistically significant (mean 

difference = 4.1, t = 3.59, p < 0.01).  The mean difference for high frequency users of 

microblogs was significantly greater than the mean score for low frequency microblog 

users for the scale of perceived learning using microblogs. 

The mean difference between high frequency users and low frequency users for 

the perceived learning scale using Q&A websites was statistically significant (mean 
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difference = 5.1, t = 4.24, p < 0.01).  The mean difference for high frequency users was 

significantly greater than the mean score for low frequency users for the scale of 

perceived learning Q&A websites. 

The mean difference between high frequency users and low frequency users for 

the perceived learning scale using tags was statistically significant (mean difference = 

3.8, t = 2.66, p < 0.05).  The mean difference for high frequency tags users was 

significantly greater than the mean score for low frequency tags users for perceived 

learning. 

Results of Perceived Learning (Blogs) by Independent Variables 

The second research question addressed the predicted relationships of several 

independent variables (frequency of use, years of software engineering employment, 

software industry field, age, gender, or level of education) on perceived learning using 

blogs.  A multiple regression analysis was conducted to determine whether statistically 

significant relationships existed between the perceived learning scales for blogs and 

frequency of use, years of experience, industry, age, gender, and level of education. 

Table 19 summarizes the results of the multiple regression analysis for the 

perceived learning blog scale as the outcome variable. 
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Table 19:  Regression Results for Perceived Learning (Blogs) 

Independent Variable B Std. Error Beta t  
(Constant) 14.821 2.575  5.755  

FREQ 1.706 .409 .363 4.171 ** 
YEARS+ -.692 .712 -.158 -.972  

Ind_EdRes -2.631 1.423 -.176 -1.849  
Ind_Gov -2.720 1.392 -.189 -1.954  

Ind_MilDef -3.113 1.360 -.213 -2.289 * 
Ind_Other -1.821 1.334 -.142 -1.364  

+AGE 1.999 .679 .481 2.943 ** 
GENDER -.621 .991 -.052 -.627  

+LEVofED .787 .548 .120 1.437  
Note:  Dependent Variable: PL_Blog 
+ Variable reverse coded 
* statistically significant p < 0.05 
** statistically significant p < 0.01 

The R2 value for the model identified an R2 value that was good (R2 = 0.42) where 

42% of the variation in perceived learning using blogs was explained by frequency of 

use, years of experience, industry, age, gender, and level of education.  The possibility of 

multicollinearity was also checked using the variance inflation factor (VIF) diagnostic.  

VIF values ranged from 1.2 to 4.8; therefore, no problems with multicollinearity were 

detected.  The regression model (Blogs) calculated an Adjusted R2 = .375. 

Three of the independent variables were significantly related to the perceived 

learning using blogs outcome.  These three variables were frequency of use (B = 1.706, t 

= 4.171, p < 0.01), Military/Defense industry (B = -3.113, t = -2.289, p < 0.05), and age 

(B = 1.999, t = 2.943, p < 0.01).  As the frequency of use increased, scores for the 

perceived learning blog scale also increased significantly.  The military/defense industry 

scored 3.113 points lower than the technology/commercial reference industry.  As the age 

response option decreased (i.e., as the age category increased), scores for the perceived 

learning blog scale increased significantly. 
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Results of Perceived Learning (Microblogs) by Independent Variables 

Research question three investigated the predicted relationships of several 

independent variables (frequency of use, years of software engineering employment, 

software industry field, age, gender, or level of education) on perceived learning using 

microblogs.  A multiple regression analysis was conducted to determine whether 

statistically significant relationships existed between the perceived learning scales for 

microblogs and frequency of use, years of experience, industry, age, gender, and level of 

education. 

Table 20 summarizes the results of the multiple regression analysis completed for 

perceived learning using microblogs as the outcome variable. 
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Table 20:  Regression Results for Perceived Learning (Microblogs) 

Independent Variable B Std. 
Error Beta t  

(Constant) 14.699 2.903  5.063  
FREQ 1.191 .461 .243 2.583 * 
YEARS+ -.051 .802 -.011 -.064  
Ind_EdRes -2.160 1.604 -.139 -1.347  
Ind_Gov -2.479 1.570 -.166 -1.580  
Ind_MilDef -2.196 1.534 -.144 -1.432  
Ind_Other -.541 1.504 -.041 -.360  
AGE+ 1.582 .766 .365 2.065 * 
GENDER -.987 1.118 -.079 -.883  
LEVofED+ 1.037 .617 .152 1.679  

Note:  Dependent Variable: PL_MB 
+ Variable reverse coded 
* Statistically significant p < 0.05 
** Statistically significant p < 0.01 

The R2 value for the model was good (R2 = 0.33) where 33% of the variation in 

perceived learning using microblogs was explained by frequency of use, years of 

experience, industry, age, gender, and level of education.  The possibility of 

multicollinearity was also checked using the variance inflation factor (VIF) diagnostic.  

VIF values ranged from 1.2 to 4.8, therefore, no problems with multicollinearity were 

detected.  The regression model (Microblogs) calculated an Adjusted R2 = .268. 

Two of the independent variables were statistically related to the perceived 

learning using microblogs.  These two variables were frequency of use (B = 1.191, t = 

2.583, p < 0.05) and age (B = 1.582, t = 2.065, p < 0.05).  As the frequency of use 

increased, scores for the perceived learning using microblogs significantly increased.  

Additionally, as age the response option increased (i.e., as the age category decreased) 

the perceived learning scores for the microblog scale increased significantly. 

Results of Perceived Learning (Q&A websites) by Independent Variables 

The fourth research question explored the predicted relationships of several 

independent variables (frequency of use, years of software engineering employment, 
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software industry field, age, gender, or level of education) on perceived learning using 

Q&A websites.  A multiple regression analysis was conducted to determine whether 

statistically significant relationships existed between the perceived learning scales for 

Q&A websites and frequency of use, years of experience, industry, age, gender, and level 

of education. 

Table 21 summarizes the multiple regression results which predicted a perceived 

learning value using Q&A websites.  These results address research question four. 

Table 21:  Regression Results for Perceived Learning (Q&A Websites) 

Independent Variable B Std. 
Error Beta t  

(Constant) 14.578 3.050  4.780  
FREQ 1.457 .484 .278 3.008 ** 
YEARS+ 1.799 .843 .368 2.134 * 
Ind_EdRes -3.837 1.686 -.230 -2.276 * 
Ind_Gov -2.256 1.649 -.141 -1.368  
Ind_MilDef -5.538 1.611 -.339 -3.437 ** 
Ind_Other -4.766 1.580 -.334 -3.016 ** 
AGE+ -.549 .805 -.118 -.682  
GENDER -.380 1.174 -.028 -.324  
LEVofED+ 1.032 .649 .141 1.591  

Note:  Dependent Variable: PL_QA 
+ Variable reverse coded 
* Statistically significant p < 0.05 
** Statistically significant p < 0.01 

The R2 value for the model was good (R2 = 0.35) where 35% of the variation in 

perceived learning score using Q&A websites was explained by frequency of use, years 

of experience, industry, age, gender, and level of education. The possibility of 

multicollinearity was also checked using the variance inflation factor (VIF) diagnostic.  

VIF values ranged from 1.2 to 4.8, therefore, no problems with multicollinearity were 

detected.  The regression model (Q&A Websites) calculated an Adjusted R2 = .296. 

Five of the independent variables were statistically related to perceived learning 

using Q&A websites.  These five variables were frequency of use (B = 1.457, t = 3.008, p 
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< 0.01), years of experience (B = 1.79-9, t = 2.134, p < 0.05), education/research industry 

(B = -3.837, t = -2.276, p < 0.05), military/defense industry (B = -5.538, t = -3.437, p < 

0.01) and other industry (B = -4.766, t = -3.016, p < 0.01).  As frequency of use 

increased, perceived learning scores for Q&A websites also increased significantly.  As 

the number of years of experience increased, scores for perceived learning using Q&A 

websites increased.  The education/research, military/defense, and other industries were 

significantly less influential on perceptions of learning using Q&A websites than the 

technology/commercial industry. 

Results of Perceived Learning (Tagging Applications) by Independent Variables 

The fifth research question investigated the relationships of several independent 

variables (frequency of use, years of software engineering employment, software industry 

field, age, gender, or level of education) on perceived learning using tagging applications.  

A multiple regression analysis was conducted to determine whether statistically 

significant relationships existed between the perceived learning scales for tags and 

frequency of use, years of experience, industry, age, gender, and level of education. 

Table 22 summarizes the results of the multiple regression analysis for the 

perceived learning score using tags.  These results address research question five. 
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Table 22:  Regression Results for Perceptions of Learning (Tags) 

Independent Variable B Std. 
Error Beta t  

(Constant) 17.022 3.156  5.394  
FREQ 1.004 .501 .196 2.002 * 
YEARS+ 2.351 .872 .492 2.696 ** 
Ind_EdRes -1.799 1.744 -.110 -1.032  
Ind_Gov -1.988 1.706 -.127 -1.166  
Ind_MilDef -2.303 1.667 -.144 -1.381  
Ind_Other -3.740 1.635 -.268 -2.288 * 
AGE+ -1.223 .833 -.270 -1.469  
GENDER -1.943 1.215 -.149 -1.600  
LEVofED+ .794 .671 .111 1.184  

Note:  Dependent Variable: PL_Tags 
+ Variable reverse coded   
* Statistically significant p < 0.05 
** Statistically significant p < 0.01 

The R2 value for the model was fair (R2 = 0.27) where 27% of the variation in 

perceived learning using tags was explained by frequency of use, years of experience, 

industry, age, gender, and level of education. The possibility of multicollinearity was also 

checked using the variance inflation factor (VIF) diagnostic.  VIF values ranged from 1.2 

to 4.8, therefore no problems with multicollinearity were detected.  The regression model 

(Tags) calculated an Adjusted R2 = .210. 

Three of the independent variables were statistically related to the perceived 

learning outcome using tagging applications.  These three variables were frequency of 

use (B = 1.004, t = 2.002, p < 0.05), years of experience (B = 2.351, t = 2.696, p < 0.01), 

and other industry (B = -3.740, t = -2.288, p < 0.05).  As the frequency of use increased, 

scores for the perceived learning scale for tagging applications also increased 

significantly.  As the number of years of experience increased, the perceived learning 

score using the tagging applications scale also increased.  Other industries were less 

significant on perceived learning than the technology/commercial industry. 
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Chapter Summary 

The study sample was composed of 114 currently employed software engineers.  

All respondents indicated that they use Web 2.0 interaction technologies (blogs, 

microblogs, Q&A, and tags) in their software development work environments.  The data 

revealed a statistically significant difference in perceptions of learning in those 

respondents who frequency used these technologies from those who do not.  

Additionally, the mean perceived learning score of high frequency users was always 

higher than the mean score for low frequency users, for each of the technologies in the 

study. 

Multiple regression analyses determined that a statistically significant relationship 

existed between each of the perceived learning scales and several of the independent 

variables.  Three independent variables were statistically related to the perceived learning 

outcome for blogs.  Two of the independent variables were significant on the perceived 

learning score using microblogs.  Five independent variables were statistically related to 

the perceived learning outcome using Q&A websites.  Finally, the data indicated that 

three of the independent variables were statistically related to the perceived learning 

outcome using tags. 

Chapter 5 will present interpretations, conclusions and recommendations for 

future research based on the results detailed within this chapter.  
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CHAPTER 5:  CONCLUSIONS AND RECOMMENDATIONS 

Review of the Study Purpose 

This exploratory quantitative survey study investigated software engineer 

perceptions of learning using blogs, microblogs, Q&A websites, and tagging applications 

in the context of a professional software development environment.  Bandura’s (1986) 

social cognitive learning theory provided a theoretical underpinning to examine potential 

learning in professional software development workplaces.  There is increasing interest in 

and evidence available to support the use of asynchronous interaction technologies for 

learning in the informal learning settings of the workplace (Storey, Treude, Van Deursen, 

& Cheng, 2010).  However, few scholars have investigated learning as a part of software 

engineer interactions using these Web 2.0 applications.  This research was completed to 

contribute to a better understanding of learning facilitated by blogs, microblogs, Q&A 

website exchanges, and tagging behaviors in the software development workplace.  Five 

research questions informed the development of this study.  Each question was 

constructed to address the lack of literature in the area of learning as a part of software 

engineer workplace interactions using Web 2.0 applications (Zhao & Rosson, 2009; 

Pagano & Maalej, 2011; Begel et al., 2010; Guzzi et al., 2010; Treude & Storey, 2010). 

Methodology 

An instrument developed by Halic et al. (2010) was the first that tested the two 

dimensions of perceived learning and sense of community in a blogging environment.  

Validity of that instrument was established by a factor analysis.  The perceived learning 

dimension included seven items that captured student perceptions of learning facilitated 

by blogs.  Sense of community, a second dimension of the survey, included six items 
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related to respondent attitudes and community building facilitated by blogs.  This 

dimension was not a primary focus of the current study. 

The Halic et al. (2010) instrument was adapted for this study in a 46 item web-

based questionnaire to collect information from professional software engineer 

respondents about their perceptions of learning and sense of community in their software 

development workplaces adding three new asynchronous Web 2.0 interaction 

technologies.  A SurveyMonkey.com format was chosen to solicit participation from a 

diverse representation of software engineers without excluding participants based on their 

physical locations.  Software engineers were asked to report their perceptions of learning 

and sense of community facilitated by their blog, microblog, Q&A website, or tagging 

application interactions.  Most survey items were rated on a five-point Likert scale (from 

5, strongly agree, to 1, strongly disagree).  Demographic data (e.g., frequently of use, 

years of employment, software industry field, age, gender, level of education) were also 

collected. 

Prospective participants were invited from a convenience sample of software 

engineers who either utilized one or more of several websites that are commonly used for 

professional information exchange or were professional associates of the researcher and 

their colleagues.  The invitation to contribute anonymously to this research via an 

embedded link to the survey was posted on these websites or distributed through 

electronic mail.  Email invitations were distributed to approximately 27 professional 

software engineers.  Recipients were encouraged to share the invitation with their 

professional software engineer associates. 

Participants were expected to be users of contemporary interaction technology 
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tools in their workplace settings for software development purposes.  They were also 

expected to have convenient Internet access to communicate with their peers, complete 

daily software development taskings, and to participate in the web-based survey.  Study 

respondents were asked to indicate: 

• Frequency of Web 2.0 interactions in their workplace; 

• Years of software engineer employment; 

• Software industry field; 

• Age category; 

• Gender; and 

• Level of education. 

Statistical analyses on the data collected included t-test comparison of means to 

examine the differences in perceived learning between software engineers categorized as 

frequent users of blogs, microblogs, Q&A websites, and tagging applications and those 

who are not frequent users of these interaction technologies.  Multiple regressions were 

used to evaluate relationships between the study independent variables.  Perceived 

learning, the dependent variable, was predicted from six independent variables of interest 

(i.e., frequency of use, years of software engineering employment, software industry 

field, age, gender, or level of education). 

General Findings 

Of the 116 software engineers who attempted to access the study within the four-

week period of data collection, 114 questionnaires were completed, validated, and 

analyzed.  Appendix G illustrates the following responses participants indicated about 

themselves: 
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1. Most are high frequency Web 2.0 users in their software development 

workplaces (see Table 1 in Appendix G); 

2. Most have more than 9 and less than 20 years of software engineering 

experience (see Table 2 in Appendix G); 

3. Most are employed by non-profit/other industries (see Table 3 in 

Appendix G); 

4. Most are between 50 and 59 years of age (see Table 4 in Appendix G); 

5. Almost half are women (see Table 5 in Appendix G); 

6. Most have completed a Bachelor’s degree; more than half of these have 

completed a Master’s degree (see Table 6 in Appendix G). 

Interpretation of Study Findings:  Discussion by Research Question 

Each of the five research questions that guided this investigation is discussed.  

The purpose of each research question, the statistical findings that resulted from the 

survey data analysis and connections to theoretical underpinnings and literature are 

explored. 

RQ 1:  Is there a difference in perceived learning between software engineers 

who frequently use asynchronous Web 2.0 interaction technologies (i.e., blogs, 

microblogs, Q&A websites, or tagging applications) and those who do not 

frequently use them? 

The purpose of this question was to explore the possibility that the frequency with 

which a Web 2.0 interaction technology is used to interact with others is important in 

learning.  The question establishes a need for comparisons between frequent users of a 

technology and infrequent users.  It allowed for a comparison of means in perceived 
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learning between software engineers who consider themselves as frequent users and those 

who are nonfrequent users.  Independent t-tests were used to complete this analysis. 

An examination of the responses from the software developer participants 

indicated that those engineers who frequently use asynchronous Web 2.0 interaction 

technologies (i.e., blogs, microblogs, Q&A websites, or tagging applications), reported a 

significantly higher perceived learning score compared to infrequent users.  Eighty-two 

respondents were categorized as high-frequency users of Web 2.0 technologies.  Less 

than half of these made up the low-frequency portion. 

Researchers have discussed the need for tools that enable the frequent information 

seeking and sharing interactions of software engineers with team members (Chatti et al., 

2008; Gonçalves, De Souza, & González, 2011; Begel et al., 2010).  Information seeking 

behaviors are demonstrated when software developers need new information to better 

understand software code, design decisions, and understand the status of other software 

development activities and progress (Gonçalves et al., 2011).  Information sharing 

activities help developers to serve the knowledge needs of their colleagues and those of 

the greater professional virtual community, to build stronger and more expansive bonds 

with experts they do not know, and to connect with others to promote personal interests 

or to solicit support for their projects.  Effective communication in the software engineer 

development environment requires impromptu and/or informal conversation.  Reinhardt 

(2009) described this kind of ad hoc communication as an important part of 

contemporary software development.  Coordinating the interactions of a software 

engineering team is a challenge that is more effectively managed by timely interchange 

of relevant project information in the Web 2.0 dimension (Ko et al., 2007).  The 
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exchange of information in the virtual space however, does not meet the definition of 

learning used here. 

Bandura’s social cognitive theory (1986) describes the triadic reciprocality 

between the personal, behavioral, and environmental factors that influence each another 

bidirectionally and contribute to the multidimensional phenomenon called learning.  For 

this investigation, the multifaceted processes that underlie the human social and cognitive 

experiences are transpired by software engineers in their software development 

workplaces across Web 2.0 interaction technologies.  Social cognitive theory views 

learning in a social context that is shaped by the individual experiences in a specific 

environment.  These interactions are depicted graphically in Figure 4 below. 

Figure 4: Reciprocal Determination Model of Social Cognitive Theory in a Web 2.0 
Software Engineering Environment 
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Research question 1 inquired about the importance of frequency of use for any 

particular Web 2.0 interaction technology and perceived learning.  Analysis of the data 

indicated the number of times a software engineer uses an interaction technology to 

communicate with their colleagues is significantly related to perceived learning in his or 

her software development interactions.  This result is in line with what researchers have 

discussed previously about a growing need for tools that enable frequent software 

engineer team member interactions.  Tools that support spontaneous software 

development related communication across the software engineer development team 

improve knowledge seeking and knowledge sharing behaviors.  The triadic reciprocal 

interactions of software engineers that are transpired in the virtual software development 

environment represent the bidirectional interactions described in Bandura’s social 

cognitive theory. 

In conclusion, software engineers who work in environments where Web 2.0 tool 

use is promoted as the primary means of communication will quickly incorporate these 

technologies into their daily software development conversations.  When Web 2.0 

interactions become seamlessly integrated into regular software development practices, 

the comfort level with which each software engineer team member uses the technology is 

improved.  Therefore, with a higher level of proficiency in their virtual team exchanges, 

individual software engineers will perceive that learning is facilitated by their team 

interactions. 

RQ 2:  Are variables (such as frequency of use, years of software engineering 

employment, software industry field, age, gender, or level of education) related to 

perceived learning using blogs? 
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This question was used to study software engineer perceptions of learning using 

blogs along with several independent demographic variables in the context of a software 

development environment.  The study findings indicated that perceived learning using 

blogs is significantly related to frequency of use, the age of the software engineer, and 

type of industry where the professional is employed. 

Empirical literature is available by researchers who appreciated the interactive and 

dynamic qualities of blogs.  These investigators made specific reference to the 

individualized characteristics of blog content noting how bloggers created text according 

to the needs, expectations, or preferences of the blog participants.  The ability to 

customize the content of a blog was considered an important feature that would 

encourage frequent interactions and idea exchange on this virtual platform (Lu and Hsiao, 

2007).  Additionally, customized blogs contributed to widespread adoption of this 

interaction technology in workplace settings for professional purposes (Treude et al., 

2011). 

In regard to professional software engineers, scholars have begun discussions on 

the use of blogs by software developers in their daily software development environments 

(Begel et al., 2010; Pagano and Maalej, 2010; Pagano and Maalej, 2011; Lanubile et al., 

2010).  Their research investigated the use of blogs by software developers to build 

applications across a variety of team interactions, to share software development 

information that is related to specific projects, to make new and dynamic connections to 

existing project resources, and to manage evolving knowledge through virtual 

interactions.  Limited research has been completed that investigates software engineer 
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perceptions of learning within particular employment settings or as it relates to the 

professional’s age. 

Using social cognitive theory as the lens through which learning can be 

investigated in the software development work environment, blog interactions between 

software engineers are dynamic and individualized exchanges that occur in Web 2.0 

spaces.  As Bandura (1986) predicted, this kind of exchange between team members in a 

work environment might be an important source of learning on the virtual platform where 

blog dialogue occurs. 

The second research question inquired about perceived learning using blogs as 

determined by several independent variables (e.g., frequency of use, years of software 

engineering employment, software industry field, age, gender, or level of education) in a 

professional software development setting.  The data indicated that software engineers 

use blogs and perceive that learning has occurred as a result of their blog interactions.  

This may be due to the acceptance of blogs as apropos for social and professional 

interaction by a variety of individuals.  Several researchers have noted the popularity of 

blogs within the workplace, and the software development environment in particular, for 

organizational purposes as an effective web-based communication technology.  Blog 

dialogue by software development team members provides a practical example of the 

triadic reciprocal interactions that occur in a professional virtual space and supports 

Bandura’s social cognitive theory. 

In conclusion, as a software developer invented interactive platform, blogs 

continue to be popular among many of these professionals.  The format of blogs provides 

a soapbox on which expert programmers create an evolving knowledge artifact and a 
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permanent learning record for their team members, their employer, and the greater 

software engineering community.  Because blog content is easily modified, without 

complicated publication requirements, software engineers frequently use blogs to share 

their project statuses, experiences, opinions, and links to external online content.  Thus, 

the blog format continues to support the social nature of software development. 

As an interaction technology that is now a quarter of a century old, it should not 

be surprising that older professional software engineers are probably those who are most 

comfortable with blogs.  This seasoned group of software developers has experienced the 

evolution of the profession and expects a knowledge sharing platform that supports the 

exchange of robust ideas and detailed lessons learned. Blogs are constructed to facilitate 

more in-depth dialogue and self-expression.  Consequently, this subset of software 

developers will describe this platform as one on which they perceive learning will occur. 

Lastly, technology/commercial employers appear to have viable Web 2.0 

infrastructures in place, far ahead of employers in other sectors.  This might be 

characteristic of for-profit organizations that thrive on dynamic team member interaction, 

learning, and innovation as a critical part of a strategy to lead an industry.  Alternatively, 

other industries where software engineers are employed should benefit from making 

better investments in virtual interaction technologies that facilitate frequent and effective 

information exchange across the programming staff. 

RQ 3:  Are variables (such as frequency of use, years of software engineering 

employment, software industry field, age, gender, or level of education) related to 

perceived learning using microblogs? 
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This question was used to study software engineer perceptions of learning using 

microblogs in the context of a software development environment. 

The study findings indicated that a software engineer’s frequency of use and age 

are each significantly related to perceived learning using microblogs. 

Like blog scholars, researchers have investigated the emerging use of microblogs 

with a focus on the interactive and dynamic qualities of the newer technology (Zhao and 

Rosson, 2009).  Despite an original use for casual interpersonal communication purposes, 

Templeton (2008) indicated that microblog interactions across a variety of professional 

settings were widespread.  As a tool used by software engineers, Reinhardt (2009) stated 

that the popularity of these individualized and customizable micro-messages is primarily 

a result of their searchable message content, which allows users to locate specific 

information including hints, solutions, or expertise quickly and easily. 

Additional researchers have described several uses of microblogs by software 

engineers to support specific tasks within the software development lifecycle.  

Microblogs have been shown to improve software engineer access to technical 

information and also to keep team members informed about changing software 

development project objectives (Begel et al., 2010; Treude, Storey, Ehrlich, & Van 

Deursen, 2010).  Microblogging has been extremely useful for software engineers who 

must frequently exchange highly complex ideas within tight timelines (Reinhardt, 2009; 

Begel et al., 2010; Chatti et al., 2008). 

As microblogs are becoming more common in software development 

environments, researchers must consider the impact of variables such as frequency of use, 

years of software engineering employment, software industry field, age, gender, and level 
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of education on perceived learning using this technology.  Bandura’s (1986) social 

cognitive theory also provides an appropriate lens through which learning facilitated by 

microblog interactions can be investigated in software development work environments. 

As an evolved blog format, microblog popularity in the professional software 

developer community has continued.  As an emerging interactive platform, the open 

media format of microblogs has become a beacon for free speech.  Communicating 

within an abbreviated parameter, microbloggers have a freedom to interact that is not 

available on blogs.  Microblogging allows software developers to interact in a virtual 

space with teammates and also to an ever-growing community of like-minded people.  In 

conclusion, this independence encourages frequent microblogging by many software 

engineers to communicate quickly and informally with their peers and others as an 

alternative to email or other asynchronous interaction technologies. 

Younger software engineers are probably more comfortable using microblogs as a 

convenient means of virtual interaction than their older colleagues.  This may be true 

because this newer technology allows for the exchange of thoughts, ideas, inquiries, 

explanations in a shortened format that is well suited for today’s smaller hardware 

devices like cell phones and tablet computers.  Also, younger software developers might 

prefer shorter, more immediate responses to the ideas that they present without extensive 

detail and explanation.  Knowledge artifacts are created in this truncated virtual dialogue 

that could be used as an archival source for learning.  Because microblogs allow software 

engineers to exchange small elements of content with their team members, microblogs 

will continue to promote collaboration throughout software development processes and 

facilitate perceived learning as a result. 
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RQ 4:  Are variables (such as frequency of use, years of software engineering 

employment, software industry field, age, gender, or level of education) related to 

perceived learning using Q&A websites? 

This question was used to study software engineer perceptions of learning using 

Q&A websites in the context of a software development environment.  Two study 

findings were identified in the analysis that relates to the fourth research question.  

Software engineer frequency of use is significantly related to perceived learning using 

Q&A websites.  Additionally, a software engineer’s years of employment is significantly 

related to perceived learning using Q&A websites. 

Several authors recently completed empirical research in the area of Web 2.0 

supported Q&A websites.  Although software engineer interactions on this platform were 

not as prevalent as those on blogs and microblogs, Q&A website interactions in software 

development environments were categorized into three main dialogue/exchange formats 

(Harper et al., 2008, p. 865).  Digital reference services, knowledgeable practitioner 

support, and community Q&A websites each provide participating software engineers 

efficient virtual access to expertise that might be otherwise unavailable without this 

technology.  In their investigation of software engineer use of Q&A websites throughout 

software development processes, Treude, et al. (2011) reported that these Web 2.0 

resources improve the exchange of knowledge between programmers. 

The researcher used social cognitive theory as a foundation to investigate the 

triadic reciprocal relationships between the personal factors of individual software 

engineers and their Q&A website interactions that occur within the software development 

environment. 
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In conclusion, as was the case for each of the interaction technologies investigated 

in this study, frequent use of Q&A websites by software engineers is encouraged when 

the technology is established as a primary means of interaction across the team.  When 

Q&A website dialogue is used as a tool for information exchange, the discourse can be a 

useful learning resource for software engineers who are seeking expertise of qualified 

developers and for those engineers who have software development knowledge to share 

with their team members.  As Q&A website interactions become seamlessly integrated 

into regular software development practices, software engineer team members will be 

more likely to contribute meaningful content to information pages that become a 

continuously updated resource for learning.  Therefore, increased team collaboration via 

Q&A website exchange is likely to facilitate dynamic interactions by software engineers.  

These are the interactions that may be related to perceived learning. 

As software engineers become more experienced professionals, they may find 

Q&A websites more useful.  Knowledgeable software developers have a more robust 

repertoire of experience from which they can draw to construct questions and develop 

answers that are informed by lessons learned over the course of many years.  

Furthermore, as a software engineer gains a reputation among team members as an expert 

on a particular software development practice, his/her advice is more likely to be sought 

by team members.  This desire will encourage experts who might not be frequent users of 

Q&A websites, to contribute to the resource for the benefit of the team.  Additionally, 

when less experienced software developers understand how Q&A websites can augment 

their skills, they will also be more likely to post questions and responses on this virtual 

resource.  Therefore, Q&A websites have the potential to facilitate perceived learning. 
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RQ 5:  Are variables (such as frequency of use, years of software engineering 

employment, software industry field, age, gender, or level of education) related to 

perceived learning using tagging applications? 

This question was used to study software engineer perceptions of learning using 

tagging applications in the context of a software development environment. 

Two study findings were identified in the analysis that relate to the fifth research 

question.  The data show that software engineer frequency of use is significantly related 

to perceived learning using tagging applications.  Additionally, a software engineer’s 

years of employment is also significantly related to perceived learning using tagging 

applications. 

Scholars have yet to articulate a widely accepted definition for tags as they are 

used in the software engineering community (Treude, 2011; Hassan & Holt, 2004).  

Despite inconsistent definitions, the researcher accepted a definition used by Treude in 

his research set in a software development environment.  He described tags as an 

annotation tool that improves the ability of software engineers to understand complex 

software systems details (Treude, 2012).  In their recent article, Treude and Storey (2012) 

indicated that tags were successfully used in software engineering environments to define 

and clarify task details and to support technical information exchanges across work 

teams. 

Research that investigates the use of tagging applications by software engineers in 

their software development environments is emerging (Treude, 2012).  Bandura’s model 

of triadic reciprocality was used to investigate learning where asynchronous tagging 

interactions by individual software engineers occur in the virtual dimension of Web 2.0. 
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In summary, frequent use of tagging applications by software developers parallels 

that of Q&A websites where increased integration of the technology into the regular team 

interactions encourages regular use.  Again, when the technology becomes well-

integrated into the daily interactions of software engineers, it becomes a useful tool for 

information exchange and consequently, an indispensable repository of critical project 

details. 

Software engineers with several years of software development experience are 

probably more comfortable using tagging applications than novice professionals.  Similar 

to the proficiency with which knowledgeable software developers use Q&A websites, 

skilled software engineers have the benefit of knowing what kinds of tag content is most 

useful for their colleagues, and which is considered unhelpful clutter.  As the notations of 

a particularly capable software engineer are referenced more frequently, that author 

becomes recognized by team members as an authority for tag construction.  The example 

set by this software engineer becomes a learning benchmark that might be useful in 

software engineering.  These asynchronous tagging exchanges may therefore be related to 

perceived learning. 

Additional Study Limitations 

Over the course of this study, the researcher identified additional study limitations 

that must be considered in future research.  The first relates to the high reliability results 

obtained in the current analysis.  Internal consistency for each of the adapted survey 

items exceeded 0.90.  Although excellent reliability from the survey items was expected 

with the calculated Cronbach's alpha, redundancy should be addressed in a subsequent 

study.  Additionally, the construction of the Likert scales should be rearranged so that 
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increases in a response item correspond to increases in magnitude of the construct being 

measured. 

Recommendations for Future Research 

Qualitative methods (e.g., interviews) should be added to the survey data to gain a 

more in-depth understanding of how perceived learning occurs in the Web 2.0 

environment.  As a complex phenomenon, learning can be more completely explored 

through the addition of subjective information.  A quantitative component of pre/post 

assessments should be administered to more accurately measure the level of learning that 

actually occurred.  Additionally, the sense of community items should be investigated to 

understand the software engineer’s feeling of connectedness or belonging within the 

software development community of which he/she is a member.  The instrument adapted 

for this study should be used to investigate perceptions of learning in a more 

heterogeneous population of software engineers as the geographical boundaries that 

separate distant software development communities is diminished in the virtual space.  

Finally, this adapted instrument should be used to investigate additional asynchronous 

interaction technologies in the web dimension for learning, more specifically on the 

emerging Web 3.0 platform.  Bandura’s social cognitive theory (1986) could be used to 

investigate the triadic reciprocal relationships that develop between avatars created by 

learners for information exchange.   

A future study should test the following hypotheses developed from the current 

study research questions: 

1. H01:  There is no difference in perceived learning between software 

engineers who frequently use asynchronous Web 2.0 interaction 
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technologies (i.e., blogs, microblogs, Q&A websites, or tagging 

applications) and those who do not frequently use them? 

2. H02:  Perceived learning using blogs is not related to variables (such as 

frequency of use, years of software engineering employment, software 

industry field, age, gender, or level of education)? 

3. H03:  Perceived learning using microblogs is not related to variables (such 

as frequency of use, years of software engineering employment, software 

industry field, age, gender, or level of education)? 

4. H04:  Perceived learning using Q&A websites is not related to variables 

(such as frequency of use, years of software engineering employment, 

software industry field, age, gender, or level of education)? 

5. H05:  Perceived learning using tagging applications is not related to 

variables (such as frequency of use, years of software engineering 

employment, software industry field, age, gender, or level of education)? 

Implications for Practice 

Software engineers should consider the importance of their web-based 

interactions as an effective mechanism for learning specific software development skills.  

They should also consider the importance of incorporating new web-based technologies 

into their software development environments as an effective mechanism for learning.  

The web-based interaction skills of software engineer candidates should be considered to 

assess their comfort level with emerging technologies that support effective team 

interaction and productivity.  The interaction preferences of software engineers may be 

based on demographic differences (e.g., frequency of use, years of software engineering 
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employment, software industry field, age, gender, or level of education) of the software 

engineer.  Training might be necessary to improve the use of the technology used in a 

particular software development setting. 

Implications for Theory 

Social cognitive theory is an appropriate framework to understand learning that is 

facilitated by the virtual interactions of high-technology professionals in their workplace 

settings. 
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Summative Conclusion 

This study indicated that learning is facilitated by the asynchronous interaction 

technologies that were explored in this research.  It provided evidence that supports 

Bandura’s social cognitive theory (1986) about learning.  Learning is not a process that is 

confined to the traditional boundaries of a formal classroom setting.  Learning results 

from the interactions of one individual with others; this is especially true throughout the 

dynamic and reoccurring workplace exchanges between software engineers in the virtual 

dimensions of their software development environments.  It is within this context that the 

researcher completed an investigation of learning by software engineers who use blogs, 

microblogs, Q&A websites, and tagging application technologies to interact with their 

peers.  The data show that all software engineer participants use at least one 

asynchronous Web 2.0 interaction technology to collaborate with their team members in 

the completion of software development tasks.  Bandura (1986) indicates in his model of 

triadic reciprocality, that if there is interaction among individuals within a particular 

setting, learning will result. 

The increasing workplace asynchronous interactions of software engineers in the 

Web 2.0 space via blogs, microblogs, Q&A websites, and tagging applications is 

evidently an important learning source for these professionals.  Analysis of professional 

software engineer survey responses demonstrated that Web 2.0 interaction technologies 

continue to transform the way people interact in their software development work 

environments.  Traditional software engineer interactions that take place in a three-

dimensional setting are evolving in new ways in virtual spaces where the constraints of 

time and location can become new opportunities for learning.  
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APPENDIX A:  INTERNET NETWORKING WEBSITE POSTING 

Call to Software Engineers who use Web 2.0 

Greetings Software Engineers. 

Do you use blogs, microblogs, Q&A websites, or tagging applications in your 

workplace?  Please complete a short online questionnaire of 46 items designed to help 

improve understanding about perceived learning using asynchronous Web 2.0 interaction 

technologies in software development. The total amount of time you will spend in 

connection with this study should not exceed 25 minutes.  Minimal risks are anticipated 

from your involvement in this study as all responses will be anonymous.  No respondent IP 

or email addresses will be collected by the survey administrator.  Your employment status 

will not, in any way, be affected by your decision to participate or withdraw from the study 

at any time.  Taking part in this research is entirely voluntary. 

Please contact me anytime with questions or concerns prior to your participation at 

dtr@gwu.edu or (571)318-6302.  Should you then decide to participate in this study, your 

anonymity will be maintained as email and IP addresses will not be collected.  This study 

is being completed under the direction of Dr. Diana L. Burley (DBurley@GWU.edu or 

(202)726-3761) Associate Professor of Human and Organizational Learning. You may 

contact the Office of Human Research of The George Washington University at 

OHRIRB@GWUMC.edu or (202) 994-2715 for additional information about this 

research and your rights as a research participant. 

Your responses are critical to the success of this doctoral study. Please use this link 

(https://www.surveymonkey.com/s/Call-to-Software-Engineers-who-use-blogs-

microblogs-QA-websites-or-tags-to-contribute-to-research) to access the survey. 

Your completion of this survey indicates your consent to participate in this study. 

Thank you for your contributions to this research. 

* Asynchronous interaction technologies enable one person’s blog, microblog, Q&A 
website, or tagging actions to occur after another. 

mailto:dtr@gwu.edu
mailto:DBurley@GWU.edu
mailto:OHRIRB@GWUMC.edu
https://www.surveymonkey.com/s/Call-to-Software-Engineers-who-use-blogs-microblogs-QA-websites-or-tags-to-contribute-to-research
https://www.surveymonkey.com/s/Call-to-Software-Engineers-who-use-blogs-microblogs-QA-websites-or-tags-to-contribute-to-research
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* Perceived Learning is learning that adults report about gaining new knowledge or 
skills. 
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APPENDIX B:  EMAIL INVITATION 

Software Engineer Perceptions of Learning Facilitated by Four Asynchronous Web 2.0 
Interaction Technologies in a Software Development Environment 

IRB# 111204 

Greetings Software Engineers: 

My name is Donna T. Richardson and I am a doctoral student in The George Washington 
University’s Graduate School of Education and Human Development 
(http://www.gwu.edu/elp/).  I am completing a study under the direction of Dr. Diana L. 
Burley (DBurley@GWU.edu or (202)726-3761) which will investigate perceived learning 
by software engineers who use asynchronous Web 2.0 interaction technologies (blogs, 
microblogs, Q&A websites, or tagging applications) in their software development work 
environments. 

Taking part in this research is entirely voluntary.  Your employment status will not, in any 
way, be affected by your decision to participate or to withdraw from the study at any time. 

All software developers are invited to complete an online survey of 46 items.  The total amount 
of time you will spend in connection with this study should not exceed 25 minutes.  Minimal 
risks are anticipated from your involvement in this study.  All responses will be anonymous as 
no respondent IP or email addresses will be collected by the survey administrator.  You may stop 
your participation anytime without study consequence or repercussions. 

Although you will not benefit directly from this study, your response is extremely valuable and 
will help to contribute to the scholarly literature that addresses software engineer learning in 
software development environments. 

In order to reach as many study participants as possible, I encourage you to share this email 
message with additional software engineers who might be willing to participate in this research. 

Your completion of this survey indicates your consent to participate in this study. 

You may contact the Office of Human Research of The George Washington University at 
OHRIRB@GWUMC.edu or (202) 994-2715 for further information about your rights as a 
research participant. 

Please use this link (https://www.surveymonkey.com/s/Call-to-Software-Engineers-who-use-
blogs-microblogs-QA-websites-or-tags-to-contribute-to-research) to complete the 
SurveyMonkey.com survey. 

Thank you for your participation. 

Sincerely, 

Donna T. Richardson, EdD(c) 

* Asynchronous interaction technologies enable one person’s blog, microblog, Q&A website, 
or tagging actions to occur after another 

http://www.gwu.edu/elp/
mailto:DBurley@GWU.edu
mailto:OHRIRB@GWUMC.edu
https://www.surveymonkey.com/s/Call-to-Software-Engineers-who-use-blogs-microblogs-QA-websites-or-tags-to-contribute-to-research
https://www.surveymonkey.com/s/Call-to-Software-Engineers-who-use-blogs-microblogs-QA-websites-or-tags-to-contribute-to-research
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* Perceived Learning is learning that adults report about gaining new knowledge or skills 
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APPENDIX C:  PERMISSION TO USE ADAPTED HALIC ET AL. (2010) 

SURVEY 

On Tue, Oct 2, 2012 at 4:11 PM, Halic, Olivia Laura <ohalic@utk.edu> wrote: 

Hi Donna! 

Sure, you can use the instrument. However, I think it would be a good idea to 
check the validity of the scale again, given your modifications and your different 
educational context. 

One observation, if you don’t mind, and you probably have already thought 
about this --it seems like with each item you intend to evaluate 4 applications at 
once ( blog, microblog, Q&A websites, and tagging technologies). This will 
prevent you, I think, from disentangling the unique effects of different tools. For 
example, it could be problematic for a respondent to “strongly agree” on an item 
if her experience with blogs was great but her experience with tagging was 
terrible. One way to go about this would be to use the perceived learning scale 
(first 7 items in your modified instrument) separately for each of the 4 tools. 

Anyways, this was just an idea; so go ahead with whatever you decide. I wish 
you all the best with your dissertation. And yes, please send a copy when you’re 
done. 

Best regards, 
Olivia 

 
From: Donna T. Richardson [dtr@gwmail.gwu.edu] 
Sent: Tuesday, October 02, 2012 10:06 AM 
To: Halic, Olivia Laura 
Subject: Doctoral student requests your permission to use modified “To blog or 
not to blog” instrument (attached) 

Good morning Olivia. 

I hope your semester has started well. 

I would like to use your questionnaire as a foundation on which a modified 
instrument could be modified to fit my study participants (professional software 
engineers). Although I have made considerable changes (adding microblog, Q&A 
websites, and tagging technologies and removing the Sense of Community 
construct) to your survey, I wanted to get your permission to use this 
instrument. 

I have attached my modified version for your review (see: APPENDIX D - 
Adapted Halic, et al (2010). 

I will keep you informed of my progress and am happy to send you my 
dissertation upon completion. 

mailto:ohalic@utk.edu
mailto:dtr@gwmail.gwu.edu
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Thank you for your consideration & have a great day.  
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APPENDIX D:  ADAPTED HALIC ET AL. SURVEY 

Greetings Software Engineers: 

You are invited to participate in a research study under the direction of Dr. Diana L. Burley 
(DBurley@gwu.edu or (202)726-3761), Associate Professor of Human and Organizational 
Learning of The George Washington University.  This study will investigate perceived learning 
by software engineers who use asynchronous Web 2.0 interaction technologies (blogs, 
microblogs, Q&A websites, or tagging applications) in their software development work 
environments. 

Please contact me anytime with questions or concerns prior to your participation at dtr@gwu.edu 
or (571)318-6302.  Should you then decide to participate in this study, your anonymity will be 
maintained as email and IP addresses will not be collected.  Taking part in this research is 
entirely voluntary.  Your employment status will not, in any way, be affected by your decision to 
participate or to withdraw from the study at any time. 

All software developers are invited to complete an online survey of 46 items.  The total amount of 
time you will spend in connection with this study should not exceed 25 minutes.  Minimal risks are 
anticipated from your involvement in this study.  All responses will be anonymous as no respondent 
IP or email addresses will be collected by the survey administrator.  You may stop your participation 
anytime without study consequence or repercussions. 

Although you will not benefit directly from this study, your response is extremely valuable and will 
help to contribute to the scholarly literature that addresses software engineer learning in software 
development environments. 

Your completion of this survey indicates your consent to participate in this study. 

You may contact the Office of Human Research at OHRIRB@GWUMC.edu or (202) 994-2715 for 
further information about this study and your rights as a research participant. 

Thank you for your participation. 

* Asynchronous interaction technologies enable one person’s blog, microblog, Q&A website, 
or tagging actions to occur after another 

* Perceived Learning is learning that adults report about gaining new knowledge or skills 

mailto:DBurley@gwu.edu
mailto:dtr@gwu.edu
mailto:dtr@gwu.edu
mailto:OHRIRB@GWUMC.edu
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Item # Question Strongly 
Agree (SA) 

Agree 
(A) 

Neutral 
(N) 

Disagree 
(D) 

Strongly 
Disagree 

(SD) 
Perceived Learning Items 

Blogs: 
1.  The blog discussions help me to 

share my knowledge and 
experience with my peers. 

(SA) (A) (N) (D) (SD) 

2.  I believe that incorporating 
blogs with software 
development can enhance my 
learning experience in general. 

(SA) (A) (N) (D) (SD) 

3.  Other software engineers’ 
comments on my blog are 
important. 

(SA) (A) (N) (D) (SD) 

4.  Blog discussions help me 
understand other points of view. 

(SA) (A) (N) (D) (SD) 

5.  Blog discussions have made me 
think about software 
development concepts outside 
of this project. 

(SA) (A) (N) (D) (SD) 

6.  My point of view in blog 
discussions has been 
acknowledged by my peers 
and/or team task leader. 

(SA) (A) (N) (D) (SD) 

7.  Overall, using the blog has 
helped me learn. 

(SA) (A) (N) (D) (SD) 
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Item # Question Strongly 
Agree (SA) 

Agree 
(A) 

Neutral 
(N) 

Disagree 
(D) 

Strongly 
Disagree 

(SD) 
Perceived Learning Items 

Microblogs: 
8.  The microblog discussions help 

me to share my knowledge and 
experience with my peers. 

(SA) (A) (N) (D) (SD) 

9.  I believe that incorporating 
microblogs with software 
development can enhance my 
learning experience in general. 

(SA) (A) (N) (D) (SD) 

10.  Other software engineers’ 
comments on my microblog are 
important. 

(SA) (A) (N) (D) (SD) 

11.  Microblog discussions help me 
understand other points of view. 

(SA) (A) (N) (D) (SD) 

12.  Microblog discussions have 
made me think about software 
development concepts outside 
of this project. 

(SA) (A) (N) (D) (SD) 

13.  My point of view in microblog 
discussions has been 
acknowledged by my peers 
and/team task leader. 

(SA) (A) (N) (D) (SD) 

14.  Overall, using the microblog 
has helped me learn. 

(SA) (A) (N) (D) (SD) 
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Item # Question Strongly 
Agree (SA) 

Agree 
(A) 

Neutral 
(N) 

Disagree 
(D) 

Strongly 
Disagree 

(SD) 
Perceived Learning Items 

Q&A Websites: 
15.  The Q&A websites help me to 

share my knowledge and 
experience with my peers. 

(SA) (A) (N) (D) (SD) 

16.  I believe that incorporating Q&A 
websites with software 
development can enhance my 
learning experience in general. 

(SA) (A) (N) (D) (SD) 

17.  Other software engineers’ 
comments on the Q&A website 
are important. 

(SA) (A) (N) (D) (SD) 

18.  Q&A website discussions help 
me understand other points of 
view. 

(SA) (A) (N) (D) (SD) 

19.  Q&A website discussions have 
made me think about software 
development concepts outside of 
this project. 

(SA) (A) (N) (D) (SD) 

20.  My point of view on Q&A 
websites has been acknowledged 
by my peers and/team task 
leader. 

(SA) (A) (N) (D) (SD) 

21.  Overall, using the Q&A website 
has helped me learn. 

(SA) (A) (N) (D) (SD) 
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Item # Question Strongly Agree 
(SA) 

Agree 
(A) 

Neutral 
(N) 

Disagree 
(D) 

Strongly 
Disagree 

(SD) 
Perceived Learning Items 

Tagging Applications: 
22.  The tags help me to share my 

knowledge and experience with 
my peers. 

(SA) (A) (N) (D) (SD) 

23.  I believe that incorporating tags 
with software development can 
enhance my learning experience 
in general. 

(SA) (A) (N) (D) (SD) 

24.  Other software engineers’ 
comments on my tags are 
important. 

(SA) (A) (N) (D) (SD) 

25.  Tags help me understand other 
points of view. 

(SA) (A) (N) (D) (SD) 

26.  Tags have made me think about 
software development concepts 
outside of this project. 

(SA) (A) (N) (D) (SD) 

27.  My point of view in tags has 
been acknowledged by my 
peers and/team task leader. 

(SA) (A) (N) (D) (SD) 

28.  Overall, using the tagging 
application has helped me learn. 

(SA) (A) (N) (D) (SD) 
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Item # Question Strongly Agree 
(SA) 

Agree 
(A) 

Neutral 
(N) 

Disagree 
(D) 

Strongly 
Disagree 

(SD) 
Sense of Community Items 

Blogs: 
29.  The blog helps me feel 

connected to other software 
engineers on this project. 

(SA) (A) (N) (D) (SD) 

30.  Due to the project blog, I feel 
that I am an important part of 
our software development 
community. 

(SA) (A) (N) (D) (SD) 

31.  I have been stimulated to do 
additional reading or research 
on topics discussed on the blog. 

(SA) (A) (N) (D) (SD) 

Microblogs: 
32.  The microblog helps me feel 

connected to other software 
engineers on this project. 

(SA) (A) (N) (D) (SD) 

33.  Due to the project microblog, I 
feel that I am an important part 
of our software development 
community. 

(SA) (A) (N) (D) (SD) 

34.  I have been stimulated to do 
additional reading or research 
on topics discussed on the 
microblog. 

(SA) (A) (N) (D) (SD) 

Q&A Websites: 

35.  The Q&A Website helps me 
feel connected to other software 

(SA) (A) (N) (D) (SD) 
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Item # Question Strongly Agree 
(SA) 

Agree 
(A) 

Neutral 
(N) 

Disagree 
(D) 

Strongly 
Disagree 

(SD) 
engineers on this project. 

36.  Due to the project Q&A 
Website, I feel that I am an 
important part of our software 
development community. 

(SA) (A) (N) (D) (SD) 

37.  I have been stimulated to do 
additional reading or research 
on topics discussed on the Q&A 
Website. 

(SA) (A) (N) (D) (SD) 
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Item # Question Strongly Agree 
(SA) 

Agree 
(A) 

Neutral 
(N) 

Disagree 
(D) 

Strongly 
Disagree 

(SD) 
Tagging Applications: 

38.  The tags help me feel connected 
to other software engineers on 
this project. 

(SA) (A) (N) (D) (SD) 

39.  Due to the project tags, I feel 
that I am an important part of 
our software development 
community. 

(SA) (A) (N) (D) (SD) 

40.  I have been stimulated to do 
additional reading or research 
on topics discussed on the tags. 

(SA) (A) (N) (D) (SD) 

Item # Question Strongly Agree 
(SA) 

Agree 
(A) 

Neutral 
(N) 

Disagree 
(D) 

Strongly 
Disagree 

(SD) 
Other Items: 

41.  I frequently use Web 2.0 
interaction technologies (i.e., 
blogs, microblogs, Q&A 
websites, or tagging 
applications) 

(SA) (A) (N) (D) (SD) 

42.  Years of Software Engineer 
Employment 

0 to ≤ 3 
Years 

> 3 to ≤ 9 
Years 

> 9 to ≤ 20 
Years 

> 20 to ≤ 
30 

Years 

> 30 
Years 

43.  Software Industry Field Government Military/ 
Defense 

Educational/ 
Research 

Technology/ 
Commercial Other 

44.  Age 21 to ≤  
29 Years 

> 30 to ≤ 
39 Years 

> 40 to ≤ 49 
Years 

> 50 to ≤  
59 Years 

> 59 
Years 
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Item # Question Strongly Agree 
(SA) 

Agree 
(A) 

Neutral 
(N) 

Disagree 
(D) 

Strongly 
Disagree 

(SD) 
45.  Gender Male Female    
46.  Level of education High School 

Only 

AA/Some 
College/ 

Certificate 
Bachelors Masters Doctorate 
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APPENDIX E:  SUBJECT MATTER EXPERT REQUEST 

Software Engineer Perceptions of Learning Facilitated by Four Asynchronous Web 2.0 
Interaction Technologies in a Software Development Environment 

Hello Subject Matter Expert and thank you for your help. 

Your experience will help to refine an investigation of perceived learning by software 
engineers who use Web 2.0 supported technologies in their software development work 
environments. 

Please review each of the following attached research components: 

I. Research Purpose.  This study will explore software engineer perceptions of 
learning using blogs, microblogs, Q&A websites, and tagging applications in the 
context of a software development environment.  It will address the lack of 
research conducted to investigate learning on emerging interaction platforms by 
professionals in high-technology workplace settings. 

II. Research Question.  Is there a difference in perceived learning between software 
engineers who frequently use asynchronous Web 2.0 interactions technologies 
(i.e., blogs, microblogs, Q&A websites, or tagging applications) and those who do 
not frequently use them? 

III. Survey Rubric.  The attached Subject Matter Expert (SME) Survey Rubric is 
composed of two sections. 

A. The first table includes the list of the four criteria (Clarity, Wordiness, 
Balance, and Use of Jargon) to be used in the evaluation of survey items.  
Clarifications for each criterion are included in the Operational Definitions 
column. 

B. The second table includes the seven survey items related to perceived 
learning.  Each item is organized to include the four Web 2.0 technologies 
(blogs, microblogs, Q&A websites, and tagging applications) that are a part of 
this study. 

C. In a separate questionnaire that will be received by software engineer study 
participants, each technology will be considered individually.  For example: 

“The [blog, microblog, Q&A website, tagging application] discussions 
help me to share my knowledge and experience with my peers.” will be 
presented in the software engineer questionnaire, as: 

1. The blog discussions help me to share my knowledge and experience 
with my peers. 

2. The microblog discussions help me to share my knowledge and 
experience with my peers. 
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3. The Q&A website discussions help me to share my knowledge and 
experience with my peers. 

4. The tagging applications discussions help me to share my knowledge 
and experience with my peers. 

These technologies have been merged into a single item to simplify and 
consolidate SME evaluation of the seven survey items. 

D. To complete the rubric, please: 
1. Review the first item in the table. 
2. Assign the item a score of “1” in the third column if changes to the 

item are required to improve its clarity, wordiness, balance, and use of 
jargon and you have suggestions to improve the text of the question.  
Assign the item a score of “2” if no changes to the item are suggested.   

3. For items scored with a value of “1,” enter suggested text changes to 
improve the clarity, wordiness, balance, and use of jargon in the 
column on the right. 

4. Return your completed SME Survey Rubric to dtr@gwu.edu within 
three days of receipt. 

Your insight and expertise is extremely valuable in this research and will help to clarify 
these items prior to distribution to software engineer study participants. 

Thank you for your assistance. 

Sincerely, 

Donna T. Richardson, EdD(c) 

 

mailto:dtr@gwu.edu
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APPENDIX F:  SUBJECT MATTER EXPERT SURVEY RUBRIC 

Subject Matter Expert Survey Rubric 
Software Engineer Perceptions of Learning Facilitated by Four Asynchronous Web 2.0 Interaction Technologies in a Software 

Development Environment 

Criteria Operational Definitions 

Clarity The questions are direct and specific. 
Wordiness Questions are concise. 
Balance The questions are unbiased and do not lead the 

participants to a response. 
Use of Jargon The terms used are understandable by the target 

population. 
Appropriateness of Responses Listed The choices listed allow participants to respond 

appropriately.  
 

Item # Question Insert Question Score 
2 = Meets/Exceed Expectations 
1 = Below Expectations 

For questions 
given a score of 

1, 
insert suggested 

text below. 
Perceived Learning Items 

1.  The [blog, microblog, Q&A website, 
tagging application] discussions help me 
to share my knowledge and experience 
with my peers. 
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Item # Question Insert Question Score 
2 = Meets/Exceed Expectations 
1 = Below Expectations 

For questions 
given a score of 

1, 
insert suggested 

text below. 
2.  I believe that incorporating [blogs, 

microblogs, Q&A websites, tagging 
applications] with software development 
can enhance my learning experience in 
general. 

  

3.  Other software engineers’ comments on 
my [blog, microblog, Q&A website, 
tagging application] are important. 

  

4.  [Blog, microblog, Q&A website, tagging 
application] discussions help me 
understand other points of view. 

  

5.  [Blog, microblog, Q&A website, tagging 
application] discussions have made me 
think about software development 
concepts outside of this project. 

  

6.  My point of view in [blog, microblog, 
Q&A website, tagging application] 
discussion has been acknowledged by my 
peers and/or team task leader. 

  

7.  Overall, using the [blog, microblog, 
Q&A website, tagging application] has 
helped me learn. 
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Item # Question Insert Question Score 
2 = Meets/Exceed Expectations 
1 = Below Expectations 

For questions 
given a score of 

1, 
insert suggested 

text below. 
Sense of Community Items 

8.  The [Blog/Microblog/Q&A 
Website/Tagging Application] helps me 
feel connected to other [software 
engineers] on this [project]. 

  

9.  Due to the [project Blog/Microblog/Q&A 
Website/Tagging Application], I feel that 
I am an important part of our [software 
development team] community. 

  

10.  

 

I have been stimulated to do additional 
reading or research on topics discussed 
on the [Blog/Microblog/Q&A 
Website/Tagging Application]. 

  

Subject Matter Experts:  Your responses are vital to the success of this research.  Please contact the researcher with questions or 
concerns and return this completed rubric to dtr@gwu.edu within 3 days of receipt. Thank you for your contributions and expertise.

mailto:dtr@gwu.edu


 

172 

APPENDIX G:  PARTICIPANT SELF-REPORTED RESPONSES 

 

Table 1:  Frequency of Use (Re-coded) 

 Response Option Frequency Percent 
1 High Frequency (options 4, 5) 82 71.9 
2 Low Frequency (options 1, 2, 3) 32 28.1 
 Total 114 100.0 

Table 2:  Years of Experience 

 Years Frequency Percent 
1 > 30 16 14.0 
2 > 20 — ≤ 30 24 21.1 
3 > 9 — ≤ 20 32 28.1 
4 > 3 — ≤ 9 24 21.1 
5 0 — ≤ 3 18 15.8 
 Total 114 100.0 

Table 3:  Industry 

 Industry Frequency Percent 
1 Non-Profit/Other 29 25.4 
2 Technology/Commercial 25 21.9 
3 Educational/Research 19 16.7 
4 Military/Defense 20 17.5 
5 Government 21 18.4 
 Total 114 100.0 
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Table 4:  Age 

 Age Frequency Percent 
1 > 59 15 13.2 
2 > 50 — ≤ 59 26 22.8 
3 > 40 — ≤ 49 24 21.1 
4 > 30 — ≤ 39 25 21.9 
5 21 — ≤ 29 24 21.1 
 Total 114 100.0 

Table 5:  Gender 

 Gender Frequency Percent 
0 Women  36 31.6 
1 Men 78 68.4 
 Total 114 100.0 

Table 6:  Level of Education 

 Level of Education Frequency Percent 
1 Doctorate 10 8.8 
2 Masters 52 45.6 
3 Bachelors 39 34.2 
4 AA/Some College/ Certificate 11 9.6 
5 High School Only 2 1.8 

 Total 114 100.0 
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