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RESUMO 
 
 

Profissionais de engenharia de software precisam ter informações sobre os novos 
mecanismos de apoio, a fim de decidir sem ser ao acaso, qual é a melhor opção que 
se adapta ao que se precisa. Uma maneira de obter essas informações é através de 
estudos empíricos, que permitem que os mecanismos utilizados para apoiar a 
concepção e desenvolvimento de software sejam avaliados na prática. Assim, a 
pesquisa científica através de experimentos e estudos empíricos são de fundamental 
importância na avaliação de qualquer nova tecnologia para desenvolvimento de 
software. Pesquisadores realizam experimentos para verificar as suas propostas sob 
condições controladas. Portanto, os experimentos são uma categoria importante de 
estudos empíricos e são a abordagem clássica para identificar relações de causa-
efeito. O objetivo deste trabalho é caracterizar qualitativa e quantitativamente, e 
analisar experimentos centrados em humanos em engenharia de software, 
publicados em três jornais e três conferências de 2003 a 2013. Para atingir este 
objetivo foi realizado um estudo de mapeamento sistemático que inclui todos os 
artigos completos publicados no EASE, ESEM, ICSE, ESEJ, JSS, TSE. Com base 
em pesquisas manuais nessas importantes conferências e periódicos em 
Engenharia de Software, foram analisados 3671 artigos. 244 estudos primários 
foram identificados como relevantes, relatando experimentos. Nesses experimentos 
foram obtidos dados qualitativos e quantificados sobre autores e instituições, 
participantes, tarefas realizadas, o ambiente, replicação e ameaças à validade. A 
partir da análise realizada, este trabalho conclui que apesar dos guias existirem 
agora, há uma grande lacuna no relatório desses experimentos. A principal 
contribuição deste trabalho é fornecer o status dos relatórios de experimentos 
centrados em humanos em engenharia de software e como este campo 
amadureceu. Este trabalho também propõe uma lista de informações que um 
relatório de experimento deve ter. 
 
Palavras-chave: Experimentos. Engenharia de software empírica. Estudo de 
mapeamento sistemático. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



	

ABSTRACT 
 
 

Software Engineering professionals need to have information about new support 
mechanisms to decide, not at random, what option is best adapting it needs. One 
way of obtaining this information is through empirical studies that make the 
mechanisms used to support the design and development of software, be evaluated 
in practice. Thus, scientific research through experiments and empirical studies are 
fundamental during the evaluation of any new technology to software development. 
In this context, researchers perform experiments to check their proposals under 
controlled conditions. Therefore, experiments are an important category of empirical 
studies and are the classical approach for identifying cause-effect relationships. The 
goal of this dissertation is qualitatively and quantitatively characterizes and analyze 
human-centric experiments in software engineering, published in three journals and 
three conferences proceedings from 2003 to 2013. To reach this objective was 
performed a systematic mapping study that includes all full papers published at 
EASE, ESEM, ICSE, ESEJ, JSS, TSE. Based on manual searches in those 
important conferences and journals in Software Engineering, were analyzed 3671 
papers. 244 primary studies were identified as relevant, reporting experiments. In 
these experiments, we obtained qualitative and quantified data about authors and 
institutions, subjects, tasks performed, environment, replication and threats to 
validity. From the analysis performed, this work conclude that despite guidelines exist 
now, there is a large gap in the report of the experiments. The main contribution of 
this work is to provide the reporting status of human-centric software engineering 
experiments and how this field has matured. This work also proposes a list of 
information that an experiment report expected to have. 
 
Keywords: Experiments. Empirical software engineering. Systematic mapping study. 
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CHAPTER 1: INTRODUCTION 
	

 
 

Software development is a complex task and faces numerous challenges, 

including a need to decrease production cost, effort, and employee transition time 

between conception and arrival of software products to market. In this scenario, new 

methodologies, techniques, processes, and methods emerge to support their design 

and implementation. 

Thus, it is necessary to have information about these new support 

mechanisms to decide not at random, what option is best adapting it needs. One way 

of obtaining this information is through empirical studies that make the mechanisms 

used to support the design and development of software, be evaluated in practice. 

Thus, scientific research through experiments and empirical studies are of 

fundamental importance during the evaluation of any new technology to software 

development. 

In this context, experiments allow in a systematic, disciplined, quantifiable, 

and controlled way, to evaluate activities performed by people, thus allowing the new 

technologies that have been or are proposed, to be evaluated (WOHLIN et al., 2000). 

However, solid empirical and controlled studies are still few in software engineering 

(TICHY et al., 1995; ZELKOWITZ; WALLACE, 1998). 

Software engineering researchers perform a large number of evaluations, 

including tools observations, researches with developers using tools, and tests of 

tools with effects on human performance. However, controlled experiments with 

human participants are still quite rare, especially human subjects using tools (KO; 

LATOZA; BURNETT, 2015). 

In 2005, Sjoberg et al. reported a survey that quantitatively characterizes 

controlled experiments in software engineering. The experiments analyzed were 

collected from nine journals and three conference proceedings in the decade from 

1993 to 2002. In this work Sjoberg et al. (2005) concluded that the community needs 

guidelines that provide significant support on how to deal with the methodological 

complexity and practice of conducting and reporting experiments in software 

engineering, preferably realistic and high quality Software Engineering Empirical 

Studies. 



	 14	

The motivation for extending the study to include the 2003-2013 sources is 

twofold as we are interested in analyzing (i) how the Software Engineering (SE) field 

has matured (or not) with respect to experiments on human subjects considering the 

time span following the publication of guidelines for reporting empirical studies 

(WOHLIN et al., 2000; KITCHENHAM et al., 2002; JEDLITSCHKA; CIOLKOWSKI; 

PFAHL, 2008; WOHLIN et al., 2012; JURISTO; MORENO, 2001) and (ii) their 

enhancement within the software engineering community on behalf of specific 

networks such as ISERN (International Software Engineering Research Network) 

and targeted journals such as JSS and ESEJ just to name a few, where the editorial 

board has pushed in this direction. 

The methodology used involved the planning, execution and report of a 

Systematic Mapping Study (SMS). This research used the guidelines from 

Kitchenham and Charters (2007) and Petersen et al. (2008) to conduct the SMS. The 

work included all the full papers published in EASE, ESEM, ESEJ, ICSE, JSS and 

TSE from 2003 to 2013. In this research were selected and analyzed 244 articles 

published in leading scientific dissemination vehicles of the software engineering 

community. A total of 331 experiments were identified. 

Analyzing the Sjoberg et al. (2005) work and before performing the 

mapping, our hypothesis was that a decade forward the number of experiments was 

increased, and the quality of experiments was improved.  

With this research, we expected to found data that show specific 

information about how the experiments in the software engineering community are 

being conducted. These data include information about the participants, tasks 

performed, environment, replication, threats to validity. Thus, it will be possible to 

identify if the quality of the experiments report increased or not. Furthermore, a list of 

information needed in an experiment report was developed to help the 

experimenters. 

 
1.1 GOALS 
1.1.1 GENERAL GOAL 

The main goal of this work is to qualitatively and quantitatively 

characterize and analyze experiments in software engineering.  
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1.1.2 SPECIFIC GOALS 
The current work aims at achieving the following specific goals: 

• Conduct a systematic mapping study on software engineering experiments 

published in three journals and three conferences proceedings from 2003 to 

2013; 

• Check whether the conduct of experiments in software engineering has 

changed after the creation of guidelines; 

• Check how the experiments of software engineering community are being 

conducted. 

 

1.2 DISSERTATION STRUCTURE 
This work is organized as follows. Chapter 2 describes the background in 

software engineering, empirical software engineering and its main concepts. 

Furthermore, it deepens in one empirical strategy, experiments. It also shows the 

Evidence-Based Software Engineering (EBSE) paradigm, focusing in Systematic 

Mapping Studies. 

Chapter 3 describes the methodology used to conduct the research, 

including the research classification and the research steps. It also describes the 

protocol developed and used to guide the mapping study. 

Chapter 4 presents the research results, presented quantitatively and 

qualitatively. Research questions are answered and the data gathered is organized 

accordingly. General information about the studies is presented. 

Chapter 5 presents the final considerations, including some threats to 

validity and future work. A final analysis of the work is also presented and the 

conclusions obtained by this work.  

Appendix A presents the list of included papers with the number of 

experiments of each paper, ID, year, source and title. Appendix B presents the list of 

excluded papers in the data extraction step, showing the ID, year, source title and 

exclusion criteria of each paper. 

Appendix C presents the Phase 1 protocol and Appendix D presents the 

Phase 2 protocol. Appendix E shows the characteristics of the involved researchers. 

Finally, Appendix F presents the checklist for experiments reports. 
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CHAPTER 2: BACKGROUND 
	

 
 

This chapter presents the background through an informal bibliography 

review. The topics are software engineering, empirical software engineering, 

experiments in software engineering and evidence-based software engineering. The 

following subsections show in detail each topic mentioned. 

 

2.1 SOFTWARE ENGINEERING 

We have some definitions about software engineering (SE), such as: 

according to Sommerville (2011) software engineering is “an engineering discipline 

that is concerned with all aspects of software production from the early stages of 

system specification through to maintaining the system after it has gone into use”. 

For Pressman (2009), “The technology encompasses a process, a set of methods, 

and an array of tools that we call software engineering”. Software engineering is 

formally defined by IEEE (1990) as “the application of a systematic, disciplined, 

quantifiable approach to the development, operation, and maintenance of software; 

that is, the application of engineering to software”. 

In this context, software engineering is a cross-disciplinary subject, it 

stretches from technical issues such as databases and operating systems, through 

language issues, for example, syntax and semantics, to social issues and psychology 

(WOHLIN et al., 2012). According to Sommerville (2011), software engineering is 

important for two reasons: 

• More and more, the society relies on advanced software systems and we 

need to be able to produce reliable and trustworthy systems economically and 

quickly. 

• For most types of systems, the majority of costs are the costs of changing the 

software after it has gone into use. Thus, it is usually cheaper, in the long run, 

to use software engineering methods and techniques for software.  

Software engineering is essentially the domain of the practitioner. SE aims 

to enable the successful production of software, where the criteria for success can 

include such quality characteristics as accuracy, appropriateness, functionality, 

reliability, usability, efficiency, maintainability and portability, as well as timeliness, 



	 17	

cost effectiveness, customer satisfaction or even political expediency (DAWSON et 

al., 2003). 

As software engineering is so dependent on the practitioner, it suffers from 

all the variation and unpredictability associated with people, who have their individual 

strengths and weaknesses, insights and blind spots. Equally, as software products 

are produced in the real world, every software project is influenced by the 

environment in which it takes place (DAWSON et al., 2003). 

In order to perform scientific research in software engineering, we have to 

understand the methods that are available, their limitations and when they can be 

applied (WOHLIN et al., 2012). In this context, the motivation of the SE research 

community is to provide decision makers with relevant state-of-the-art of the 

technologies they can choose from to reduce risks that can affect the success of their 

software projects (JEDLITSCHKA; JURISTO; ROMBACH, 2014). Thus, according to 

Basili (1992), we have four research methods in the field of software engineering:  

• Scientific: This inductive method might best be used when trying to 

understand the software process, product, people and environment; 

• Engineering: Observe existing solutions, propose better solutions, develop, 

measure and analyze, and repeat the process until no more improvements 

appear possible; 

• Empirical: Propose a model, develop quantitative and qualitative methods, 

measure and analyze, validate the model and repeat the procedure; 

• Mathematical: Propose a formal theory, develop a theory, derive results and, if 

possible, compare with empirical observations. 

 
2.2 EMPIRICAL SOFTWARE ENGINEERING 

Computer science is an area of knowledge related to exact sciences. 

Nevertheless, Software Engineering has very peculiar characteristics that strongly 

relates to the social sciences. For this reason, it is important to encourage the 

implementation of empirical studies that can evaluate the effectiveness of 

techniques, methodologies, and processes proposed in the area (BARREIROS et al., 

2011). 

Empirical software engineering (ESE) origin has taken many years for the 

research field to gather momentum and direction, although we can see examples in 

the literature of the 70s. At this point in time, there is no widely held collective agreed 
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model of the definition and role of empirical software engineering (JEFFREY; 

VOTTA, 1999). 

An empirical study is a test that compares what we believe to what we 

observe. Then, such tests when wisely constructed and executed, and when used to 

support the scientific method, play a fundamental role in modem science. 

Specifically, they help us to understand how and why things work (PERRY; 

PORTER; VOTTA, 2000). 

The ESE paradigm is a revolutionary improvement-oriented approach, which 

begins by proposing a new model and attempts to study the effects of the process or 

product suggested by the new model. Measurement and analysis are crucial 

activities to the success of this method (BASILI, 1992). 

In this context, the major ambition of ESE research is to provide the 

decision makers in software development with the type of evidence about 

technologies they need to support informed decision-making when introducing new 

technologies (JEDLITSCHKA; JURISTO; ROMBACH, 2014). Research in ESE also 

should aim to acquire general knowledge about which technology (process, method, 

technique, language, or tool) is useful to conduct which software engineering tasks in 

which environments (SJØBERG et al., 2005).  

Figure 2.1 depicts the relationships between the ESE context and theory, 

models and research questions. Theory can be derived from observation of the world 

and can be expressed in models. The research questions that will be investigated are 

derived from the theory and from observations of the world. This interplay between 

theory, models, questions and the goals derived from industry and theory provide a 

rich breeding ground for hypotheses or predictions, which we seek to test by way of 

empirical studies (JEFFREY; VOTTA, 1999). 
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Figure 2.1: Relationship of ESE theory, models and research questions 

 
Source: JEFFREY; VOTTA (1999) 

 

One advantage of using the collection of empirical data is that it can lend 

itself to statistical analysis. The application of statistics could, however, give an 

indication of the results significance and show if there is an acceptable degree of 

confidence in the draw conclusions. Qualitative data analysis, while lacking the 

intuitive appeal of numerical precision, also plays a role in identifying themes, 

attitudes and interpretations, helping to describe and justify the practice of software 

engineering (DAWSON et al., 2003). 

Empirical studies could take many forms. No matter what its form is, the 

essence of an empirical study is the attempt to learn something useful by comparing 

theory to reality and to improve the theories as a result (PERRY; PORTER; VOTTA, 

2000). Therefore, according to Perry, Porter and Votta (2000) empirical studies 

involve the following steps: 

• Formulating a hypothesis or question to test; 

• Observing a situation; 

• Abstracting observations into data; 

• Analyzing the data; and 

• Drawing conclusions on the tested hypothesis. 



	 20	

In this context, depending on the purpose of the evaluation, whether it is 

techniques, methods or tools, and depending on the conditions for the empirical 

investigation, there are three major different types of strategies that may be carried 

out: survey, case study, and experiment (ROBSON, 2002). For Shull, Singer, and 

Sjøberg (2014), the empirical methods that are the most relevant to software 

engineering are: 

• Controlled Experiments (including Quasi-Experiments); 

• Case Studies (both exploratory and confirmatory); 

• Survey Research; 

• Ethnographies; 

• Action Research. 

Thus, Fink (2003) define a survey as a system for collecting information 

from or about people to describe, compare or explain their knowledge, attitudes and 

behavior. Therefore, surveys have the ability to provide a large number of variables 

to evaluate, but it is necessary to aim at obtaining the largest amount of 

understanding from the fewest number of variables since this reduction also eases 

the data collection and analysis work (WOHLIN et al., 2012). 

A case study in software engineering is an empirical strategy that draws 

on multiple sources of evidence to investigate one instance (or a small number of 

instances) of a contemporary SE phenomenon within its real-life context, especially 

when the boundary between phenomenon and context cannot be clearly specified 

(RUNESON et al., 2012). Case studies are very suitable for industrial evaluation of 

software engineering methods and tools because they can avoid scale-up problems 

(WOHLIN et al., 2012). 

A controlled experiment in software engineering is an empirical strategy 

that manipulates one factor or variable of the studied setting. Based in 

randomization, different treatments are applied to or by different subjects while 

keeping other variables constant and measuring the effects on outcome variables. In 

this context we can have two types of experiments, in human-oriented experiments, 

human apply different treatments to objects, while in technology-oriented 

experiments, different technical treatments are applied to different objects (WOHLIN 

et al., 2012). 
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A quasi-experiment is an empirical strategy similar to a controlled 

experiment, where the assignment of treatments to subjects cannot be based on 

randomization, but emerges from the characteristics of the subjects or objects 

themselves (WOHLIN et al., 2012). 

Table 2.1 shows some characteristics of the three major different types of 

strategies in ESE which are the design type and qualitative/quantitative data of each. 

In surveys the design type is fixed, even as in experiments. However, in case studies 

the design type is flexible. In experiments the data have a quantitative approach 

while in surveys and case studies both (qualitative and quantitative) data approaches 

can be obtained. 

 
Table 2.1: Design type and qualitative/quantitative data in empirical strategies 

Strategy Design Type Qualitative/Quantitative 
Survey Fixed Both 

Case Study Flexible Both 

Experiment Fixed Quantitative 

Source: WOHLIN et al. (2012) 
 

One difference between case studies and experiments is that in 

experiments the sample is over the variables that are being manipulated, while case 

studies select the variables representing the typical situation. An advantage of case 

studies is that they are easier to plan and are more realistic than experiments, but the 

disadvantages are that the results are difficult to generalize and harder to interpret 

(WOHLIN et al., 2012). 

Table 2.2 shows some factors about the three major different types of 

strategies in ESE. Only experiments have execution control and only surveys do not 

have measurement control. Experiments have a high cost of investigation, while case 

studies have medium and surveys have low. Surveys and experiments have a high 

ease of replication, this characteristic can be explained because both have a fixed 

design type, as we have seen in Table 2.1.  
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Table 2.2: Research strategy factors   

Factor Survey Case Study Experiment 

Execution Control No No Yes 

Measurement Control No Yes Yes 

Investigation Cost Low Medium High 

Ease of Replication High Low High 

Source: WOHLIN et al. (2012) 
 

The goal of all research, not just empirical studies, is to improve the state 

of research and practice. If we want to use empirical studies to improve software 

engineering research and practice, then there are two things that we need to do 

better in the future. We need to create better studies and we need to draw more 

credible conclusions from them (PERRY; PORTER; VOTTA, 2000). 

 
2.2.1 EXPERIMENTS IN SOFTWARE ENGINEERING 
 

Like physics, medicine, manufacturing, and many other areas, software 

engineering requires the same high level approach for evolving the knowledge of the 

area, the cycle of model building, experimentation and learning. Software 

engineering is a laboratory science. It involves an experimental component to test or 

disprove theories, to explore new domains. We must experiment with techniques to 

see how and when they really work, to understand their limits, and to understand how 

to improve them (BASILI, 1996). Moreover, this need for empirical testing in SE is 

raised nationally in countries like the USA (JURISTO; MORENO, 2001). 

According to Juristo and Moreno (2001), “Experimentation refers to 

matching with facts the suppositions, assumptions, speculations and beliefs that 

abound in software construction”. While according to Wohlin et al. (2012), 

Experiments are executed when we want control over one situation and want to 

manipulate behavior directly, precisely and systematically. Also, experiments can 

involve more than one treatment to compare the outcomes. 

Experimentation in software engineering involves a hypothesize iteration 

and a test process. Models of the software process or product are built, hypotheses 

about these models are tested, and the information learned is used to refine the old 

hypotheses or develop new ones. In an area like software engineering, this approach 

takes on special importance because we greatly need to improve our knowledge of 
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how software is developed, the effect of various technologies, and what areas most 

need improvement (BASILI; SELBY; HUTCHENS, 1986). 

Moreover, SE experiments investigate the cause-effect relationships 

between treatments applied, that can be a process, a method, a technique, a 

language or a tool and outcome variables measured as time, effectiveness, quality, 

efficiency (KAMPENES et al., 2007). 

According to Kitchenham et al. (2013), human-centric SE experiments to 

be studies of SE methods, techniques, and procedures that depend on human 

expertise. In such experiments, the outcomes are determined by the efficacy of the 

combination of capability of the human participants and characteristics of the method, 

technique or procedure. These can be compared with technology-centric studies 

where the techniques, methods, or procedures are implemented in tools, and it is 

assumed that outcomes depend on the task and the tools, with the impact of human 

capability on the outcome being considered to be negligible (KITCHENHAM et al., 

2013). 

From the start of the 21st century, many researchers involved in human-

centric software engineering experiments became concerned about the 

methodological standard of SE experiments. In response to this concern a number of 

researchers published guidelines aimed at improving the rigor of conducting and 

reporting SE experiments (KITCHENHAM et al., 2013). 

Experiments with any degree of formality can be divided into the following 

activities: (i) Definition of the objectives of the experimentation; (ii) Design of the 

experiments; (iii) Execution of the experiments; (iv) Analysis of the results/data 

collected from the experiments (JURISTO; MORENO, 2001). Figure 2.2 illustrates 

this process together with the products output of each activity. 

 
Figure 2.2: Process of experimentation in SE 

 
Source: JURISTO; MORENO (2001) 
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Experiments can be replicated, thus, the replication of an experiment 

involves repeating the investigation under similar conditions, while for example, 

varying the subject population. This helps to find out how much confidence it is 

possible to place in the results of the experiment (WOHLIN et al., 2012). 

 
2.3 EVIDENCE BASED SOFTWARE ENGINEERING 
 

Evidence-based research and practice was developed initially in medicine 

because research indicated that expert opinion based medical advice was not as 

reliable as advice based on the accumulation of results from scientific experiments 

(KITCHENHAM et al., 2009). 

Evidence-based software engineering (EBSE) aims to produce a body of 

documented experiences that might inform software practice adoption decisions. 

Evidence-based paradigms have proven successful in disciplines such as medicine 

(JANZEN et al., 2007). 

Software companies are often under pressure to adopt immature 

technologies because of market and management pressures. Practitioners need to 

consider EBSE as a mechanism to support and improve their technology adoption 

decisions (DYBA; KITCHENHAM; JORGENSEN, 2005). 

Consequently, EBSE is important because of the central place software 

intensive systems are starting to take in everyday life. Besides, It is possible that 

EBSE can provide the mechanisms needed to assist practitioners to adopt 

appropriate technologies and to avoid inappropriate technologies (KITCHENHAM; 

DYBA; JORGENSEN, 2004). 

According to Kitchenham; Dyba; Jorgensen (2004), the goal of EBSE 

should be to provide the means by which best evidence from research can be 

integrated with practical experience and human values in the decision making 

process regarding the development and maintenance of software. Thus, EBSE would 

provide (KITCHENHAM; DYBA; JORGENSEN, 2004): 

• A common goal for researchers to ensure that their research is directed to the 

requirements of industry and other stakeholder groups; 

• A means by which industry practitioners can make rational decisions about 

technology adoption; 

• A means to improve the dependability of software intensive systems, as a 

result of a better choice of development technologies; 
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• A means to increase the acceptability of software intensive systems that 

interface with individual citizens; 

• An input to certification processes. 

In this context, the evidence is defined as a synthesis of best quality 

scientific studies on a specific topic or research question. The main method to 

synthesize pieces of evidence is a systematic literature review (SLR). The aim of an 

SLR is not just to aggregate all existing evidence on a research question; it is also 

intended to support the development of evidence-based guidelines for practitioners 

(KITCHENHAM et al., 2009). 

As the number of empirical studies grows, the need for aggregating 

evidence from multiple empirical studies appears. Several empirical studies may 

together give answers to questions, which are not sufficiently answered by individual 

studies in isolation. The collection and synthesis of empirical evidence must meet 

scientific standards in itself. Systematic literature reviews can collect and synthesize 

empirical evidence from different sources (WOHLIN et al., 2012). 

According to Dyba; Kitchenham and Jorgensen (2005), EBSE involves five 

steps: 

• Convert a relevant problem or information need into an answerable question; 

• Search the literature for the best available evidence to answer the question; 

• Critically appraise the evidence for its validity, impact, and applicability; 

• Integrate the appraised evidence with practical experience and the customer’s 

values and circumstances to make decisions about practice; 

• Evaluate performance and seek ways to improve it. 

The SLR methodology aims to be as unbiased as possible to be auditable 

and repeatable. SLRs are referred to as secondary studies and the studies they 

analyze are referred to as primary studies (KITCHENHAM et al., 2010). According to 

Kitchenham et al. (2010), there are two different types of SLRs: 

• Conventional SLRs: aggregate results related to a specific research question. 

If there are sufficient comparable primary studies with quantitative estimates of 

the difference between methods, meta-analysis can be used to undertake a 

formal statistically-based aggregation. However, meta-analysis is seldom 

possible for SLRs in software engineering because there are often insufficient 

primary studies; 
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• Mapping studies: aim to find and classify the primary studies in a specific topic 

area. They also have coarser-grained research questions. They may be used 

to identify available literature before undertaking conventional SLRs. 

Furthermore, they use the same methods for searching and data extraction as 

conventional SLRs but rely more on tabulating the primary studies in specific 

categories.  

According to Kitchenham and Charters (2007), a systematic literature 

review is a means of identifying, evaluating and interpreting all available research 

relevant to a particular research question, or topic area, or phenomenon of interest. 

The stages in a SLR are divided into three main phases: Planning the Review, 

Conducting the Review, Reporting the Review (KITCHENHAM; CHARTERS, 2007). 

Systematic Mapping Studies are designed to provide a wide overview of a 

research area, to establish if research evidence exists on a topic and provide an 

indication of the quantity of the evidence. The results of a mapping study can identify 

areas suitable for conducting conventional SLRs and also areas where a primary 

study is more appropriate (KITCHENHAM; CHARTERS, 2007). Table 2.3 shows the 

differences between conventional SLRs and Mapping Studies according to each 

element. 
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Table 2.3: Differences between mapping study and conventional 

SLR Elements Mapping Study SLR 

Goals 
Classification and thematic 
analysis of literature on a 
software engineering topic 

Identifying best practice with respect to 
specific procedures, technologies, methods 
or tools by aggregating information from 
comparative studies 

Research 
Question 

Generic – related to research 
trends. Of the form: which 
researchers, how much 
activity, what type of studies, 
etc. 

Specific – related to outcomes of empirical 
studies. Of the form: Is technology/method 
A better or not than B? 

Search Process Defined by topic area 
Defined by research question which 
identifies the specific technologies being 
investigated 

Scope 

Broad –all papers related to a 
topic area are included but 
only classification data about 
these are collected 

Focused – only empirical papers related to 
a specific research question are included 
and detailed information about individual 
research outcomes is extracted from each 
paper 

Search Strategy 
Requirements 

Often less stringent if only 
research trends are of 
interest, for example authors 
may search only a targeted 
set of publications, restrict 
themselves to journal papers, 
or restrict themselves to one 
or two digital libraries 

Extremely stringent – all relevant studies 
should be found. Usually SLR teams need 
to use techniques other than simply 
searching data sources, such as looking at 
the references in identified primary studies 
and/or approaching researchers in the field 
to find out whether they are undertaking 
new research in the area 

Quality Evaluation 

Not essential. Also 
complicated by the inclusive 
nature of the search which 
can include theoretical 
studies as well as empirical 
studies of all types making 
the quality evaluation of 
primary studies complicated 

Important to ensure that results are based 
on best quality evidence 

Results 

A set of papers related to a 
topic area categorized in a 
variety of dimensions and 
counts of the number of 
papers in various categories 

The outcomes of the primary studies are 
aggregated to answer the specific research 
question(s), possibly with qualifiers (e.g. 
results apply to novices only) 

Source: KITCHENHAM, BUDGEN; PEARL BRERETON (2011) 
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CHAPTER 3: METHODOLOGY 
 
 
 

This chapter discusses the method used to conduct the research and is 

divided in two sections: Classification and Research Steps and Systematic Mapping 

Study Protocol. 

 

3.1 CLASSIFICATION AND RESEARCH STEPS 
This research uses the inductive approach, based on qualitative data. It is 

also based on the systematic mapping study method by Kitchenham and Charters 

(2007); Petersen et al. (2008) to collect and analyze primary studies. 

An inductive approach is when you can identify patterns in the research 

data and from that can generate hypotheses about such data. This approach is very 

common using qualitative data (SILVERMAN, 2009). 

Qualitative research is any research that produces results not achieved 

through statistical procedures or other means of quantification. In fact, the term 

qualitative research is confusing because it can mean different for different people. 

Some researchers gather data through interviews and observations, techniques 

usually associated with qualitative methods. However, they encode the data in a way 

that allows them to be statistically analyzed. These are quantified qualitative data 

(STRAUSS, CORBIN 2008). Thus, this research is based on qualitative data, through 

a systematic mapping, and also quantified parts of this qualitative data. 

There are three main components in qualitative research. First there is the 

data, which can come from various sources. Second there are the procedures that 

researchers can use to interpret and organize data. Written and oral reports are the 

third component (STRAUSS, CORBIN 2008). 

 
3.1.1 COOPER CLASSIFICATION 

We can classify this research through a taxonomy proposed by Harris M. 

Copper (1988), that tries to classify and evaluate systematic literature reviews. 

Cooper classification suggests that literature reviews can be classified according to 

five characteristics: focus, goal, perspective, coverage, organization, and audience 

(RANDOLPH, 2009). The classification of the research according to Cooper can be 

found in Table 3.1. 
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Table 3.1: Classification according to Cooper’s taxonomy 

Characteristic Category 

Focus 
Research outcomes 
Research methods 
Practices or applications 

Goal 
Integration (Generalization) 
Identification of central issues 

Perspective Neutral representation 

Coverage Exhaustive review 

Organization Methodological format 

Audience 
Specialized scholars 
Practitioners 

 

The first characteristic is the focus of the review and can assume four 

categories: research outcomes, research methods, theories, and 

practices/applications. A research can have more than one focus. In the case of this 

research, the focus is research outcomes, research methods and practices or 

applications.  

The methodological review is also helpful to identify strengths and 

weaknesses in a body of research and examine how research practices differ across 

groups, times, or settings (RANDOLPH, 2009). The second is the goal of the review, 

this characteristic can be: integration (Generalization, Conflict resolution or Linguistic 

bridge-building), criticism or identification of central issues. In this research, the goal 

is to integrate and generalize, besides identification of the central issues. 

The third characteristic is the perspective of the review. Then it can be a 

neutral representation or a defined position. Here we adopt a neutral representation, 

in order to make an unbiased research. Coverage is the fourth characteristic and can 

assume four characteristics: exhaustive, exhaustive with selective citation, 

representative, central or pivotal. In this research we adopt an exhaustive review 

because we try to locate and consider all the literature related to the topic under 

consideration, or at least most of it, with the time available for the realization of the 

search. 

Organization is the fifth characteristic. In this characteristic, the review can 

be historical, conceptual, or methodological. Here we consider the methodological 

category to organize the review. The last characteristic is the audience of the review. 
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Reviews can be written for specialized scholars, general scholars, practitioners or 

policymakers and the general public. In this research the supervisor and reviewers of 

the dissertation are the primary audience and specialized scholars and practitioners 

are the secondary audience. 

 
3.1.2 RESEARCH STEPS 

This research started with an informal search on the literature of 

experiments in software engineering. Therefore, we identify and analyze Sjøberg et 

al. (2005) work. So, we concluded that we do not have many experiments in the 

decade of 1992-2002, and those that have been executed do not have good reports, 

hindering their method understanding and possibility of replication. Than we asked 

ourselves about the following decade (2003-2013). Other questions where, is the 

software engineering community executing more experiments? How the experiments 

are being reported? No systematic study that brings this knowledge was found. 

Initially, the intention was to perform an SLR but, based on the research 

questions we identify, a SMS was the adequate choice. This research used the 

guidelines from Kitchenham and Charters (2007) and Petersen et al. (2008) to 

conduct the SMS. As SMS is a type of SLR, we use Kitchenham and Charters (2007) 

to guide the general aspects of the SMS and we use Petersen et al. (2008) to guide 

specific aspects of the SMS because it is specific for SMSs. 

Based on that, a mapping study was planned and executed. Also, a 

research protocol was developed and the entire research has been guided by the 

protocol, described in Section 3.2. Thus, the research had the following steps, 

according to Kitchenham and Charters (2007):  

• Planning the Review 

o Identification of the need for a review; 

o Specifying the research question(s); 

o Developing a review protocol; 

• Conducting the Review 

o Identification of research; 

o Selection of primary studies; 

o Study quality assessment; 

o Data extraction and monitoring; 

o Data synthesis. 
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• Reporting the review 

o Specifying dissemination mechanisms; 

o Formatting the main report. 

The Petersen et al. (2008) work has similar steps and is specific for SMS, 

those steps are definition of research questions, conducting the search for relevant 

papers, screening of papers, keywording of abstracts and data extraction and 

mapping, as we can see in Figure 3.1. Each step has an outcome, the last outcome 

of the process being the systematic map. With the Systematic Mapping in hands, the 

results analyses from the selected primary studies are shown, mapped according to 

the specified questions. 

 
Figure 3.1: The Systematic Mapping Process 

 
Source: PETERSEN et al. (2008) 

 
To finish the research cycle, the results are being disseminated through 

this dissertation and the partial results were published in the short paper (FALCAO et 

al., 2015) published in ESEM 2015 proceedings. An article with the final version of 

the research will be produced to be submitted to the journal Information and Software 

Technology (IST) or the journal Empirical Software Engineering (ESEJ). 

 
3.2 SYSTEMATIC MAPPING STUDY PROCESS 

This section presents characteristics of systematic mapping process used 

in this work. As mentioned before, a research protocol used to guide the study was 

defined. The main topics of this protocol will be discussed in the following 

subsections. The protocol is presented in full in Appendix C for the Phase 1 and 

Appendix D for the Phase 2 of this work. Two protocols were made because the 

phases were performed at different time intervals. 
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3.2.1 Research Questions 
This Systematic Mapping Process aims to search in the literature and map 

primary studies that report experiments in SE. Is worth emphasizing that the research 

questions used to guide this study were divided into a main research question and 

five secondary research questions. The following research questions were identified 

to reach our objectives: 

• RQ1: How has the SE community been reporting software engineering 

experiments in the 2003-2013 decade? 

o RQ1.1: How the subjects are being reported? 

o RQ1.2: How the tasks performed by subjects are being reported? 

o RQ1.3: How the experiment environment is being reported? 

o RQ1.4: How threats to validity are being reported? 

o RQ1.5: How many experiments are reported as replications? 

 
3.2.2 Search Strategy 

No automatic search was necessary because the search process only 

involved manual searches in the following venues in the period from 2003 to 2013: 

• Empirical Software Engineering Journal (ESEJ); 

• International Conference on Empirical Software Engineering and 

Measurement (ESEM); 

• International Conference on Empirical Assessment & Evaluation in Software 

Engineering (EASE); 

• International Conference on Software Engineering (ICSE); 

• Journal of Systems and Software (JSS); 

• Transactions in Software Engineering (TSE). 

These venues are chosen because these are the most well-known venues 

in the empirical software engineering community and in the software engineering 

community, they were selected as our research starting point before other sources 

considered in Sjøberg et al. (2005). 

Initially, the studies selected by Borges et al. (2014) were obtained from 

the authors of the article, a folder with all studies was shared. It is important to 

highlight that Siegmund and Schumann (2015) selected papers were provided by the 

authors as an excel file with the titles, publishing location and the year of the articles. 



	 33	

The studies of phase 2 were collected on digital libraries of scientific articles 

(IEEExplore, ACM, Springer Link, Science Direct).  

 

3.2.3 Study Selection Criteria and Procedure 
In order to identify and extract the experiments, one researcher 

systematically read the titles and abstracts of the articles published in the selected 

journals and conference proceedings for the period 2003-2013. 

The inclusion criteria are all the full papers published in EASE, ESEM, 

ESEJ, ICSE, JSS and TSE proceedings from 2003 to 2013. The following exclusion 

criteria were adopted: (1) short papers, (2) non-technical papers, (3) duplicate 

papers, (4) papers that do not fit in the controlled experiment definition, (5) usability 

experiments. Usability experiments are not included because, similarly to Sjøberg et 

al. (2005), we consider them as part of Human-Computer Interaction area. The 

definition of controlled experiment used in this work was the same used by 

SJØBERG et al. (2005), so the experiments reported in the papers should fit in this 

definition: 
Experiment in software engineering (operational definition): A 
randomized experiment or a quasi-experiment in which individuals or 
teams (the experimental units) conduct one or more software 
engineering tasks for the sake of comparing different populations, 
processes, methods, techniques, languages, or tools (the treatments). 
 

Thus, we do not distinguish between controlled experiments and quasi-

experiments in this SMS because both experimental designs are relevant to empirical 

software engineering experimentation. The term used here is experiment for both. 

The decision to not include short papers and technical articles not 

considered that these types of studies generally do not follow an empirical strategy 

and do not have enough space to report in detail one experiment. In cases of 

duplicate articles, the strategy of excluding less complete was adopted. 

Searching for and analyzing work-related were found two works, Borges et 

al. (2014) and Siegmund and Schumann (2015), that could be used as a means of 

reducing the effort in the selection of studies, allowing a higher number of publishing 

locations can be analyzed in the time available for this research. In EASE, ESEM and 

ESEJ phase (phase 1) we used the papers selected by Borges et al. (2015), in the 

amount of 898 papers we identify and include the papers that were classified by the 

authors as an experiment or experimental study.  
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In ICSE, JSS and TSE phase (phase 2) we used the papers selected by 

Siegmund and Schumann (2015) in the years of 2003 to 2010 that are in ICSE and 

TSE proceedings, applying our exclusion criteria after. As the article cited previously 

analyzed randomized experiments, quasi-experiments, correlational studies, and 

case studies in this research it was necessary to identify only the articles that report 

experiments. 

 JSS proceedings from 2003 to 2013 and ICSE, TSE proceedings from 

2011 to 2013 were reviewed considering title, abstract, keywords and conclusion. In 

some cases, we search for the words “experiment” or “experimental study” to be sure 

that it was not an experiment. 

In phase 1 the exclusion criteria (1), (2) and (3) were applied 

predominantly in Borges et al. (2015) work. The exclusion criteria (4) and (5) were 

applied in the data extraction phase by the pair of researchers that performed the 

data extraction in each paper. In phase 2 were observed all the exclusion criteria in 

this research. 

 
3.2.4 Data Extraction Strategy 

The data extraction involved eight researchers, who worked in pairs to 

analyze the papers. In this context, one researcher can be part of more than one 

pair, in order to avoid errors in extraction data. All researchers involved conduct 

research in empirical software engineering area, the details about researcher’s 

characteristics can be found in Appendix E.  Thus, the following pairs have been 

defined in Phase 1: Waldemar Ferreira and Alex Nery; Waldemar Ferreira and Vilmar 

Nepomuceno; Larissa Falcão and Alex Nery; Larissa Falcão and Vilmar 

Nepomuceno. The following pairs have been defined in Phase 2: Larissa Falcão and 

Samuel Romeiro; Waldemar Ferreria (after replaced for Larissa Falcão) and Diogo 

Silva; Larissa Falcão and Eudis Oliveira; Larissa Falcão and Liliane Fonseca. 

Regarding formation of the pairs there was no problem in structuring and definition of 

them. 

We did an instructional video and before the extraction it was sent to the 

reviewers, the video shows how the extraction should be made. A pilot study, in 

which each researcher had to review one paper, was conducted.  

A spreadsheet was used to make data extraction, where the first column 

represents the topic and the second represents the information that had to be 
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extracted from the studies. Table 3.2 summarizes the questions asked in the 

spreadsheet. In Phase 1 we use a spreadsheet for papers that report only one 

experiment and after adapt the spreadsheet to extract papers with more than one 

experiment. In Phase 2 we adapt the initial spreadsheet to extract both types of 

papers. The extraction spreadsheet also had commented instructions to the 

reviewers. 

 
Table 3.2: Extraction form summary 

Category Question 

About the 
experiment 

Is it an experiment, what are the keywords? What are the authors? 
What are the institutions involved? What are the countries of the 
research institutions? 

About the 
participants 

How many, categories, rewards, population, techniques were used 
to collect the sample? 

Task What were the task category, variables, evaluation questionnaire, 
training, time? 

Environment Where was the experiment carried out? Which tools and method 
were used? 

Replication Is it a replication? 

Threats to validity Does it explicitly mention internal, external, conclusion, and 
construct validity? 

Area for General 
Comments 

Is there any general comment about the paper and/or 
suggestions? 

  
 

During the extraction process, all the researchers should review the 

papers considering title, abstract, keywords, introduction, methodology, results, and 

conclusion. In some cases, a meticulous reading of the paper will be necessary. This 

process was performed in cycles in order to avoid errors. Each cycle lasted one 

week, in which each pair is responsible for data extraction of fifteen papers per cycle 

in Phase 1 and ten papers per cycle in Phase 2. Excepting the author of this work 

that reviewed 110 papers in Phase 1 and 149 papers in Phase 2. In some cases, the 

reviewer needed more time to conclude his set of papers due other activities 

(personal or work).  

In the end, the author of this dissertation identify the conflicts in the 

excluded experiments, in other words, the articles that was excluded by only one of 

the researchers. Thus, one meeting with the respectively pair of researchers was 

realized to resolve the conflicts. 
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In relation to the data extracted, the author of this work compared the 

results and the conflicts were marked on the spreadsheet, resulting in a single 

spreadsheet. This same researcher resolved the conflicts of each paper, reviewing 

the articles and extracting the conflicting information. If the information was different 

from that of the previous two researchers, the final decision was left to this 

researcher. The all process of the systematic mapping was over one year, six 

months for the phase 1 and six months for the phase 2. Moreover, one more week 

was needed to organize and count the result. 

Appendix A brings a list of the studies that were included in the mapping. It 

shows general data, such as year of publication, authors and code for further 

reference in the mapping study. Appendix B brings a list of the studies excluded in 

the extraction step, it also shows the reason for the study has been excluded. 

 

3.2.5 Data Analysis 
The contribution idealized by this study is generated from the synthesis of 

data obtained through the systematic mapping conducted. With the aim of better 

organize the summary of the data, each article has received a unique identifier and 

its experiments were named Experiment 1, Experiment 2 and so on.  

The data collected from studies were organized in tables and grouped by 

data category, allowing a better visualization. Since the data extracted was so large, 

we developed functions on the software Numbers to automate the data extraction 

from spreadsheets, organizing and counting the data. Results are detailed in the next 

section. 
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CHAPTER 4: RESULTS AND DISCUSSION 
 
 
 

This chapter presents the results obtained and makes some discussion 

about them. The results are structured into four sections, described below. 

 
4.1 GENERAL INFORMATION 

The process of systematic mapping was performed according to the 

protocol discussed in the previous chapter (Chapter 3). At the beginning of this 

section are presented data related to the search process and selection of studies. 

Then, general characteristics of the selected studies are described, including their 

distributions by year and publishing vehicle. It also shows the most active 

researchers conducting experiments, research institutions involved, and the countries 

of the institutions. 

In this context, the manual searches resulted in a total of 3671 candidate 

studies. Table 4.1 summarizes in numbers, the excluded articles per publishing 

location. As can be observed, the number of duplicated articles is low, this can be 

explained by the fact that Borges et al. (2015) work excluded the duplicated articles. 

Here were identified one article published in both ESEJ and ESEM, so were 

considered the ESEJ paper because it is more complete. The other duplicate article 

identified was from Siegmund and Schumann (2015) work, in the list of articles there 

are two articles with the same name and different IDs. 

Nontechnical articles were identified in two publishing locations, ICSE and 

JSS. EASE, ESEM and ESEJ do not have nontechnical articles because have been 

removed by Borges et al. (2015) work. The fourth column represents the articles that 

do not have evidence that the research executes experiments, thus it has the highest 

numbers. Usability experiments were found in greater numbers in JSS, with six 

usability experiments. The sixth column of Table 4.1 refers to articles that mention 

that is an experiment, but after reading the article has been identified that the study 

does not fit in the experiment definition used in this work. 

Also against the Table 4.1, the out of range column only has ICSE and 

TSE articles because were the publishing locations from Siegmund and Schumann, 

(2015) work, and they also analyze articles from 2001 and 2002. Therefore, these 

articles were excluded. The last column refers to short papers, as Borges et al. 
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(2015) work excluded the short papers, in this work were identified short papers only 

in ICSE, TSE and JSS. Therefore, 3427 articles were excluded, the list of excluded 

articles in the extraction step can be found in Appendix B, including the article ID, 

year, publishing location and exclusion criteria. 

 
Table 4.1: Excluded studies 

Venue Duplicated Nontechnical Does not 
mention 

that it is an 
experiment 

Usability Is not an 
experiment 

Out of 
Range 

Short 
Paper 

Total 

ESEM 1 - 247 1 53 - - 302 

EASE 0 - 163 1 13 - - 177 

ESEJ 0 - 250 0 35 - - 285 

ICSE 1 135 200 1 132 18 210 697 

TSE 0 0 112 1 104 11 1 229 

JSS 0 4 1233 6 468 - 26 1737 

Total 2 139 2205 10 805 29 237 3427 
 

Table 4.2 summarizes in numbers the candidate studies and the articles 

that report experiments per publishing location. As can be observed, the publishing 

location that has more articles analyzed was the JSS, it happened because the 

articles from this journal were all analyzed by this work (from 2003-2013), no other 

previous study was used. Besides, the publishing location with the higher percentage 

of experiments is the ESEM, 1,9% of articles are experiments. This can be explained 

by the fact that the ESEM is the most important conference in Empirical Software 

Engineering area. The journals JSS and TSE, important journals in Software 

Engineering area, reaches the second place with 1,1% of the articles are 

experiments. The analysis of the candidate studies results in 244 articles selected. 
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Table 4.2: Articles that Report Experiments 

  Articles reporting experiments 
Journal/Conference Total no. of articles 

investigated 
Number % 

ESEM 374 72 1,9 

EASE 202 25 0,6 

ESEJ 322 37 1 

ICSE 725 28 0,7 

TSE 270 41 1,1 

JSS 1778 41 1,1 

Total 3671 244 6,4 
 

Table 4.3 describes the distribution of studies per year of publication. As 

can be seen, the articles reporting experiments does not move much in the decade of 

2003-2013. Therefore, it cannot be said that the number of experiments has been 

increasing over the years in the studied decade. 22 articles reporting experiments 

were published on average per year. The largest amount was found in the year of 

2005, with 30 articles. Moreover, the lowest number was identified in 2010, with 17. 

 
Table 4.3: Articles that report experiments per publishing location and year 

 Year  

Publishing 
location 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total 

EASE 4 2 2 2 2 5 1 2 2 2 2 26 

ESEM 7 4 11 10 10 1 7 6 8 2 5 71 

ESEJ 1 4 4 5 4 4 6 5 0 3 1 37 

ICSE 1 1 2 1 2 2 1 0 3 12 3 28 

TSE 5 4 3 2 1 4 1 2 6 8 5 41 

JSS 5 3 8 3 4 5 4 2 0 2 5 41 

Total 23 18 30 23 23 21 20 17 19 29 21 244 
 

Were identified a total of 532 authors, who had at least one study 

published in EASE, ESEM, ESEJ, ICSE, JSS or TSE. The Table 4.4 describes the 

researchers with bigger participation in published studies on such vehicles. The 

researchers with a higher participation are Magne Jørgensen, Jeffrey C. Carver and 

Barbara A. Kitchenham, with 12, 11 and nine publications with experiments. Then we 
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have Dag I. K. Sjøberg and Muhammad Ali Babar with eight publications, Marco 

Torchiano and Massimiliano Di Penta with seven publications. 
	

Table 4.4: Distribution of authors involved with experiments 

# of articles Scholars 
12 Magne Jørgensen 

11 Jeffrey C. Carver  

9 Barbara A. Kitchenham 

8 Dag I. K. Sjøberg 

8 Muhammad Ali Babar 

7 Marco Torchiano 

7 Massimiliano Di Penta 

6 Claes Wohlin 

6 Filippo Ricca 

6 Lionel C. Briand 

6 Matthias M. Müller 

6 Thomas Thelin 

6 Yvan Labiche 

5 David Budgen 

5 Erik Arisholm 

5 Paolo Tonella 
 

In Table 4.5 is presented the distribution of the most active institutions 

within the scope of this work. A total of 240 institutions were identified, highlighting 

Simula Research Laboratory with 22 studies and University of Oslo with 15 studies, 

both in Norway. This can be explained due the fact that some researchers, like 

Magne Jørgensen and Dag I. K. Sjøberg, work in both institutions. Then we have 

Lund University (Sweden) and University of Sannio (Italy), both with ten publications. 

With eight publications there are four institutions, one from Germany, one from Italy, 

one from USA and one from Sweden. 
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Table 4.5: Distribution of Institutions involved with experiments 

Articles Institutions 
22 Simula Research Laboratory 

15 University of Oslo 

10 Lund University 

10 University of Sannio 

8 Blekinge Institute of Technology 

8 Fraunhofer Institute for Experimental Software Engineering 

8 Mississippi State University 

8 Politecnico di Torino 

7 Karlsruhe University  

7 University of Maryland 

 

In total 37 countries were identified in the selected studies, these are the 

countries of the research institutions. In Figure 4.1 is presented the countries 

distribution. It is important to note that some studies have been developed in 

cooperation between two or more researchers from different institutions in different 

countries. The USA reached the highest concentration of institutions linked to 

research in experiments, 57. Next is Germany with 29, Italy with 28 and Norway with 

26 publications. This can be explained by the fact that in the USA the experimental 

research is spread in various institutions and in other countries like Norway the 

experimental research is concentrated in a reduced number of institutions. 
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Figure 4.1: Countries that published more experiments 

 
Source: Author 

	

In relation to Brazil, 16 different institutions were identified from the 

authors. Federal University of São Carlos and Federal University of Rio de Janeiro 

appears in four authors, Federal University of Bahia, PUC-Rio, Federal University of 

Pernambuco and University of São Paulo appears in two. The other institutions 

appear in one author. In Pernambuco only one institution appears reporting 

experiments, the Federal University of Pernambuco with 2 articles, one from 

professor Fabio B. Q. da Silva and the other from professor Juliano Iyoda. 

	
4.2 EVIDENCE MAPPING 

In this section the research questions are answered through pieces of 

evidence extracted from particular sections of each primary studies, these pieces of 

evidence characterize qualitative data. The selected studies are referenced by a 

unique identifier and therefore along this section will be cited by this ID. 

This section has six parts, each with evidence to answer each research 

question. Section 4.2.1 describes pieces of evidence related to how the experiments 

were reported in the studies. Section 4.2.2 describes pieces of evidence related to 

what information about the participants is reported. Section 4.2.3 describes pieces of 

evidence related to what information about the tasks performed is reported. Section 

4.2.4 presents data about what environment information are reported. Section 4.2.5 
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presents data about which articles are replications. Lastly, Section 4.2.6 shows 

information about the threats to validity of the studies. 

 
4.2.1 RQ 1 – EXPERIMENTS REPORT  

Were identified 331 experiments in the 244 primary studies selected, 

consequently some articles report more than one experiment. Due to a large number 

of experiments, it is not possible to describe each one. Will be presented in detail the 

more relevant experiments, thus the articles that have unclear information about the 

corresponding research question will not have their evidence described. The full list 

of all selected papers, including number of experiments, ID, year, publishing location 

and title of all studies can be found in Appendix A. 

 
4.2.2 RQ 1.1 – SUBJECTS 

This section describes the kind of subjects who were involved in the 

experiments, if there was a dropout, how they were recruited, their characteristics, if 

participation was mandatory, rewards, whether is mentioned the population sample. 

Initially, in Table 4.6 are described the participants of the experiments, whether they 

are professionals or students (according to their degree of education). The column 

Participants refers to the number of participants used in the experiments in each 

category and the next column refers to its percentage. The column Experiments 

refers to the number of experiments that used participants in the related category. 

Evidence of these categories of participants is described throughout this section. As 

an example, study sections will be presented citing each category. 

 
Table 4.6: Subjects category 

Subject Category Participants % Experiments % 
Undergraduates 5768 36,1 91 27,4 

Graduates 2703 16,9 89 26,8 

Students, type unknown 1023 6,4 29 8,7 

Professionals 2531 15,8 60 18,1 

Mixed students 2719 17 34 10,2 

Mixed (professionals and 
students) 1194 7,4 27 8,1 

Unknown 5 0 1 0,3 

Total 15943 100 331 100 
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The Undergraduates category is the most used in the experiments, was 

used in 91 (27,4%) and concerning the number of participants it was also the most 

used, 36% of the participants are undergraduate students. Below will be described 

collected stretches of studies mentioning the category Undergraduates. 

• ICSE12_7: “The main study involved Computer Science 

undergraduates. 46 were in the second semester of the program 

and 39 were in the sixth. The second semester students were 

invited to perform the pair programming experiment, while the sixth 

semester students were invited to perform the test-first experiment.” 

• JSS05_6: “The subjects who participated in our experiment were 

undergraduate Computer Science students of the University of the 

Basque Country. The first time we performed it was with 30 

students and the repetition with 36 at the end of their third year 

(lecture and laboratory course ‘‘Software Engineering’’).” 

Graduate students reach the second place with 2703 participants (16,9%) 

and 89 of the experiments (26,8%) used graduate students. Below will be described 

collected stretches of studies mentioning the category Graduate. 

• MESE_20: “Subjects (18 undergraduate students with slightly more 

than one year of classroom experience on average, from the 

Software Engineering course at University of São Paulo at São 

Carlos)”. 

• MESE_68: “The initial experiment compared the usage of SUCD 

with UNL to develop UC models; it involved 17 graduate Software 

Engineering students” … 

The next category is Professionals, in which 15,8% of the participants are 

professionals and 60 experiments (18,1%). Below will be described collected 

stretches of studies mentioning the category Professionals. 

• MESE_147: “Moreover, we use professional software developers, 

thereby addressing the common criticism that researchers 

habitually use students in experiments” … 

• ICSE12_14: “We run the experiment with 20 participants who work 

in industry as software developers in two venues in Brazil (Salvador 
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– BA and Rio de Janeiro – RJ). It was selected 10 participants in 

each venue.” 

34 experiments used participants in the category Mixed students, 

corresponding 10,2 of the experiments. About the number of participants 

corresponds to 17%. Below will be described collected stretches of studies 

mentioning the category Mixed students. 

• ICSE12_10: “For comparison, 16 computer science graduate 

students also participated. 179 students participated in total, 

however, to help preserve data integrity, we removed from 

consideration the results from 25 undergraduate students who 

completed the study in less than five minutes.” 

• TSE12_8 – Experiment 2: “We drew subjects from three upper-

level graduate and undergraduate courses: scholarship skills, 

advanced programming and languages, and compiler design.” 

For the category Students, type unknown was 29 experiments and 1023 

participants. This category refers to experiments which the authors did not mention 

the student level of education. Below will be described collected stretches of studies 

mentioning the category Students, type unknown. 

• TSE08_5: “The participants were self-selected, that is, they were 

drawn from the students enrolled in four training courses taught by 

the Engineering Excellence Group at Microsoft.” 

• JSS08_7: “In this course, students were taught generic 

Requirements knowledge, where they learnt such topics as 

elicitation, modeling, analysis of requirements, negotiation, 

prioritization, quality drivers, viewpoints, specification, validation, 

traceability, process, management, etc.” 

In three experiments the number of participants is unclear and in one the 

category of the participants is unknown. In 27 experiments were used Mixed 

(professionals and students) and 7,4 of the participants were in this category.  

• MESE_52: “The novice group consisted of 18 students.” … “The 

experts were seven professional developers.” 
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• MESE_66: “Participants were drawn from undergraduate students 

in their final year of study, postgraduate students, researchers and 

practitioners.” 

In Table 4.7 are described the number of experiments which mention 

participant’s dropouts (mortality) and which does not mention. 85,4% of the 

experiments did not mention this information. Below will be described collected 

stretches of studies mentioning dropouts. 

• ICSE04_1: “Two students in Hbg and one in Rb were removed from 

the analysis, since they did not complete all parts of the 

experiment.” 

• TSE12_3: “If there were questions that were not answered, the 

developer had to go back to answer them. As far as we observed, 

all participants (except for two, which we excluded) took the tasks 

seriously and had acceptable quality of the answers.” 

 
Table 4.7: Distribution of dropouts 

Dropouts N % 
Mention 48 14,5 

Do not mention 283 85,4 

Total 331 100 
 

Table 4.8 shows how the researchers collect the sample used in the 

experiment. About half of the experiments analyzed (54%) the author does not 

mention this information. Therefore, 144 experiments used convenience to collect the 

experiment sample and only eight used a randomized sample. Below will be 

described collected stretches of studies that used convenience sample. 

• TSE05_5: “All of the invited participants were engaged in a 

Master’s in Software Engineering program, a professional degree 

program at a private university in the Eastern half of the US”. As the 

author mentions that invited participants, was considered a 

convenience sample. 

• MESE_35: “Subjects were chosen by convenience from three 

different courses (2nd Semester/2006) offered at UFRJ: the first 
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course contributed three MSc students, the second three 

undergraduate students and the third eight MSc and PhD students.” 

 
Table 4.8: Distribution of sample collection 

Sample Collection N % 
Convenience 144 43,5 

Randomized 8 2,4 

Unclear 179 54 

Total 331 100 
 

Table 4.9 describes the experiments which mention participant’s 

characteristics, as background, gender, year, experience with the tools/technologies 

used, work experience and more. As can be observed, a high number of experiments 

mention at least one characteristic, 70,3% of the experiments. However, experiments 

that do not mention characteristics reaches significant number, 29,6%. Below will be 

described collected stretches of studies that describe the participant’s characteristics 

and studies that partially describe respectively. 

• ICSE11_1: “We asked 6 experienced programmers (with an 

average of 7 years of Java programming) to manually transform for 

immutability 8 classes from the JHotDraw 5.3 framework.” This 

experiment only mentions that the subjects have an average of 7 

years of Java programming, thus, the participant’s characteristics 

are partially described. 

• TSE06_2: “We sought students with spreadsheet experience 

because we did not want the learning of spreadsheet functionality 

to be a factor in our experiment. Of the 20 participants, 17 had at 

least some previous spreadsheet experience. We also sought 

participants without any personal or professional programming 

experience in order to make our participants more representative of 

real end users. (It is fairly common these days for business and 

engineering students to take a high school or college programming 

class.) Only one participant had programming experience in a 

professional setting, which consisted of writing a few basic 
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spreadsheet macros using Visual Basic during a summer 

internship.” 

 
Table 4.9: Distribution of Experiments which Mention Participant's Characteristics or not 

Mention Participant’s 
Characteristics 

N % 

Yes 143 43,2 

Partially 90 27,1 

No 98 29,6 

Total 331 100 
 

It was also investigated if participation in the experiments was mandatory 

or not, Table 4.10 shows how the experiments report this information. For 178 

experiments (53%) this information was unclear, so the authors did not mention this 

information during the article. Volunteers are present in 32% and the experiment is 

mandatory in 13,8%. Firstly, will be described collected stretches of studies that 

describe experiments with volunteers and after not volunteers. 

• PS72: “The experiment was conducted as part of a mandatory 

introductory software engineering course in this four year program. 

Participating in the inspection activities was compulsory but 

participation in the study was voluntary.” 

• MESE_62: “There were 9 volunteer participants who agreed to 

perform the required tasks as class exercise towards the end of the 

lecture.” 

• MESE_3: “However, the participants were explicitly not advised that 

the assessment task was part of a formal experiment in order to 

avoid any spurious effect” … 

• TSE05_3: “The experiment was part of a series of compulsory 

laboratory exercises.” 
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Table 4.10: Distribution of Types of Participation 

Participation N % 
Volunteers 107 32,3 

Not volunteers 46 13,8 

Unclear 178 53,7 

Total 331 100 
 

Table 4.11 describes the subjects rewarded for participating in the 

experiment, this reward can be grades, extra credits, payment, other rewards or it 

was unclear in the article. The reward most used in the experiments is payment, 

10,2% of the experiments investigated pay for subject’s participation. However, for 

almost 70% of the experiments this information is unknown. In 31 experiments 

(9,3%) no reward is offered to the subjects and in almost 5% offered grades. 

Furthermore, extra credits were used in eleven experiments and nine used other 

rewards. Below will be described collected stretches of studies that describe the 

reward in Table 16 order. 

• MESE_15: “The project was not graded, but the participation and 

contribution of the students influenced their final grades, so we can 

be confident that the students participate seriously in the 

experiment.” 

• JSS03_3: “At about the end of the semester, students were asked 

to participate voluntarily in an experiment planned to run at the end 

of the semester, making it clear that they would gain an additional 

bonus to their final evaluation, in order to motivate them.” 

• TSE13_8: “The worker completes the HIT and gets paid for their 

work, if satisfactory. Each task we defined for this study was 

implemented as a HIT, and users were paid $0.25 per HIT 

completed.” 

• TSE08_3: “For participating in the study, the subjects were 

rewarded with a free lunch.” 

• ICSE12_8: “The students were made aware of their participation to 

an experiment and of the fact that their work was monitored, 

although the goals (hypotheses) of the experiment were not 

communicated to them. It has been made clear to the participants 
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that the experimenters would not look at the raw measurements 

until after their grades for the course were made official.” 

 
Table 4.11: Distribution of Participant Reward 

 Experiment 
Reward N % 

Grade 16 4,8 

Extra credits 11 3,3 

Payment 34 10,2 

Other rewards 9 2,7 

No reward 31 9,3 

Unknown 230 69,4 

Total 331 100 
 

In Table 4.12 is described the experiments which mention the population 

of the sample and which do not mention. As can be seen, in 240 experiments 

(72,5%) the author does not mention the population associated with the sample. 

Thus, only 27% mention this information about the subjects. Below will be described 

collected stretches of studies that mention the sample population. 

• ICSE08_4: “The selected subjects represent a population of 

students specifically trained on software engineering tasks. Also, all 

subjects involved in Exp I (graduate students) and Exp III (PhD 

students) either had some professional experiences or worked on 

industrial projects during their thesis. This makes these students 

comparable to industry junior developers.” 

• TSE11_5: “Experienced OO developers were recruited to 

participate in the study; therefore, our sample is likely to be 

representative of the overall population of software practitioners.” 

 
Table 4.12: Distribution of Experiments which mention the population or not 

Mention 
Population 

N % 

Yes 91 27,4 

No 240 72,5 

Total 331 100 
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4.2.3 RQ 1.2 – TASKS 
This section reports the categorization of the experiment tasks, the kinds 

of application and materials used in the experiments. We categorized the experiment 

tasks in four general categories (Plan, Create, Modify and Analyze) defined by 

Sjoberg et al. (2005) with some subcategories. Each experiment was involved in one 

task subcategory. Initially, in Table 4.13 are described general categories with the 

subcategories and the number of experiments in each category. The proportion of 

planning, creation, modification, and analysis tasks is, respectively, 20%, 19,6%, 

19,6% and 35,6%. Maintenance tasks occur in 65 experiments (19,6%) and are the 

predominant kind of task. Of these, 43 involve change code and 22 involve change 

design. Next are Document comprehension tasks and occur in 58 (17,5%) of the 

experiments. Of these, Project Documentation tasks stand out with 40 experiments. 

Coding tasks are involved in 16,9% of the experiments investigated. Below will be 

described collected stretches of studies in each main task category. 

• TSE12_3: “There were three estimation tasks to be completed, 

each of which had two variants. Two of the tasks had two 

estimation bias treatments and one of the tasks had one control 

group and one estimation bias treatment.” 

• MESE_52: “Our analysis focuses on the implementation phase 

which started with a problem description and a running Eclipse 

working environment. The user-action logger and the JUnit-action 

logger were installed and the Eclipse working environment already 

contained the skeleton of the elevator system and all tests of the 

provided JUnit test-suite passed.” 

• MESE_130: “The experiment in a nutshell: To measure program 

comprehension, we designed maintenance tasks, in which subjects 

should locate the cause of a bug. If subjects submitted a solution, 

we can assume that a comprehension process took place [8]. From 

the answers of subjects, we analyzed the correctness and time of a 

bug fix.” 

• PS61: “The third aim was to demonstrate an application of this 

experimental methodology, by performing an experiment to 

determine which of two ER diagram notations is most suitable with 

regard to human comprehension and performance. The experiment 
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asked subjects to perform comprehension tasks on the same 

application domain using each of the two notations.” 

 
Table	4.13:	Task	Application	Area	

 Experiments 
Task Category % Occ. 

Plan 20,5 68 

Project planning 7,2 24 

Requirements analysis 4,2 14 

Estimation 9 30 

Create 19,6 65 

Design 2,7 9 

Coding 16,9 56 

Modify 19,6 65 

Maintenance - 19,6 65 

    Change design 6,6 22 

    Change code 12,9 43 

Analyze 35,6 118 

Inspection - 12 40 

      Individual 9,6 32 

      Team 2,4 8 

Testing  6 20 

Document comprehension - 17,5 58 

    Process doc. 0,9 3 

    Req. doc. 0,9 3 

    Project doc. 12 40 

    Code doc. 3,6 12 

Others 4,5 15 

All experiments 100 331 
 

The material used in the experiment may be of various types, such as 

constructed by the experimenters, reused from another experiment, commercial (and 

open source), commercial (but the experimenters changed), student project, other 

fonts or may be an experiment without material. As can be seen in Table 4.14, the 

most used type – it was involved in 101 (30,6%) experiments - is the material 

constructed by the experimenters for the purpose of the experiment. In 78 (23%) 
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experiments this information is unclear. None of the experiments was executed 

without material. Below will be described collected stretches of studies in each 

material origin type. 

• JSS07_3: “The participants had to add the method findMoves to the 

basic class ShufflePuzzle. Solving a Shuffle Puzzle requires 

implementing a backtracking algorithm using either depth-first or 

breadth-first search. The task description contained no algorithmic 

hint for a possible solution. Twenty (20) of the 21 analysed 

solutions used a depth-first search.” … “The task of the problem 

Polynomial was to find the roots of an arbitrary Polynomial of third 

degree. The participants had to implement the method 

getZeroPositions of the class Polynomial. The task description 

provided a hint for a possible algorithmic solution.” 

• JSS07_6: “About one year before completion of the current 

experiment, we conducted an experiment in which 20 software 

professionals each estimated the effort and then completed five 

development tasks on an existing web-based database system 

written in Java (Gruschke and Jørgensen, in preparation). The 

current experiment is based on the effort estimation of development 

tasks on the same web-based database system. The research 

results and study material of that previous study provide essential 

input to the design of the current experiment.” 

• MESE_15: “The SRS for this study was a real-world requirement 

document for an SQL upgrade to an appeals tracking system 

prepared for National Labor Relations Board. Because this SRS 

was a real document, unlike the SRS used in previous experiments, 

it was not seeded with a set of known defects before the study.” 

• MESE_26: “The V&V technologies were applied to 4 concurrent 

Java components (Mutex, FIFOReadWriteLock, 

ReadersWritersSync, Piper). The first 2 components are modified 

versions from the java.util.concurrent package (release 1.3.4) [29], 

the third is a component specifically designed for the study using 

the FIFOReadWriteLock component from the same package, and 
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the last is a component from the concurrent Java components 

benchmark [13].” 

• TSE11_2: “The above three class clusters were extracted from 

software engineering students’ final year projects, where teams of 

students follow a rigorous, UML-based, development strategy. 

Requirements of the final projects were identified and described in 

use case diagrams. Other UML artifacts were also used to model 

the systems, including class diagrams, collaboration diagrams, 

activity diagrams, and state machine diagrams.” 
• TSE04_1: “The documents used in our experiment were generic 

software requirement specifications from the lab package for the 

empirical investigation of perspective-based reading from 

Experimental Software Engineering Group (ESEG) of the University 

of Maryland.” 
 

Table	4.14:	Material	origin	

Material Origin N % 
Constructed 101 30,6 

Reused from Another 
Experiment 

22 6,7 

Commercial 74 22,3 

Commercial, but the 
Experimenters Changed 30 9 

Student project 18 5,5 

Other fonts 8 2,4 

Without material 0 0 

Unclear 78 23,5 

Total 331 100 
 

Still talking about the material, it was also investigated the nature of the 

material, for example documentation, code, diagrams, project description, 

requirements and more. Table 4.15 describes the distribution of experiments that 

mention and do not mention the nature of the material. Thus, were identified that 

98% of the experiments mention this information. Below will be described collected 

stretches of studies that mention material nature. 
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• ICSE12_15: “After that, in the afternoon-evening sessions students 

are given the requirements of each assignment and work on their 

assignments in three large labs by following a pre-defined PSP 

process according to the requirements.” … “We provided the paired 

students brief guidelines to guide their practice in lab.” 

• ICSE08_4: “Textual requirements and change requirements were 

detailed, so that subjects having Fit tables available did not receive 

additional information not available in the textual requirements as 

well.” 

 
Table 4.15: Mention Material Nature 

Mention 
Material nature 

N % 

Yes 327 98,7 

No 4 1,2 

Total 331 100 
 

In Table 4.16 is described data about if the experiments applied an 

evaluation questionnaire after the experiment tasks or not. As can be seen, a half of 

the experiments mention evaluation questionnaire. Below will be described collected 

stretches of studies that mention this information. 

• JSS05_9: “In addition to the quantitative data analyzed so far, the 

remainder of this section evaluates subjects’ opinion on pair 

programming and reviews. The post-test questionnaire asked for 

subjects’ opinion on which method is considered more effective.” 

• MESE_7: “The students were given up to 20 minutes to complete 

the task. After completing the task, they were given a short 

questionnaire.” 

 
Table 4.16: Evaluation Questionnaire 

Evaluation 
Questionnaire 

N % 

Yes 172 51,9 

No 159 48,1 

Total 331 100 
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Table 4.17 describes the distribution of experiments that mention and do 

not mention training, task and total duration. Training duration is mentioned in 32% of 

the experiments, task duration in 34% and total duration of the experiment in 38,9%. 

Below will be described collected stretches of studies that mention the duration in 

each one. 

• ICSE12_5: “Thus each participant used each subject engine on 

different tasks and different applications in this experiment. Before 

the experiment we gave a one-hour tutorial on using these engines 

to find similar applications.” 

• ICSE07_6: “According to the design, each subject has been 

involved in two experimental sessions (laboratories), each lasting 

approximately 2 hours. Each laboratory consists of a 

comprehension task on the assigned System (Claros or WfMS) 

documented either by Conallen or pure UML diagrams.” 

• JSS09_3: “The experiment is scheduled for four hours to give the 

participants more than enough time to complete the study.” 

 
Table 4.17: Mention duration of the activities 

Duration N % 
Mention training 80 32,7 

Do not mention training 164 67,2 

Mention Task 83 34 

Do not mention task 161 65,9 

Mention total 95 38,9 

Do not mention total 149 61 
 

This work has also investigated the source of the variables observed. 

Table 4.18 describes the most found sources. The questionnaire is the source most 

used in the experiments, 110 mention its use. Time appears in 101 experiments and 

code in 47. All experiments mention at least one source. Below will be described 

collected stretches of studies that mention the most used sources of the variables 

observed.  
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• JSS10_2: “Measures collected were time taken to complete each 

task, number of critical incidents reported, stress scores by STAI, 

and subjective questionnaire data.” 

• JSS13_3: “This section shows the results obtained for the 

dependent variable: the elapsed time to execute the maintenance 

tasks.” 

 
Table 4.18: Source of the variables observed 

Source of the 
observed variables 

N 

Questionnaire 110 

Time 101 

Code 47 

Forms 21 

Logs 18 
 

Table 4.19 describes the most used controlled variables mentioned by the 

authors. The experience of the subjects is the controlled variable most used, 63 

experiments. 51 experiments control the system or program utilized in the experiment 

and 41 control the project. Below will be described collected stretches of studies that 

mention the most used controlled variables observed.  

• MESE_61: “The undesired variables of the study were as follows. 

These variables were controlled by keeping conditions constant, i.e. 

all the variables that were not manipulated in this quasi experiment 

have the same level. – Participant experience: this is a variable that 

can influence the quality of the software produced. This aspect has 

two sides: software design experience and procedural programming 

experience. This variable has been randomized in order to stop it 

biasing the dependent variable. – Project under development 

(functionalities that the subjects should implement during the 

experiment): the system under development might have an effect 

on the quality of the software produced. The effect of this variable 

has been cancelled out by having all teams undertake the same 

project. – Knowledge of XP: productivity can be influenced by how 

familiar developers are with development method practices. We 
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have tried to establish a similar level of XP knowledge by training all 

participants in XP generally, and especially the XP practices 

applied.” 

• JSS05_3: “The independent variable was the version of the 

software product. One group of subjects performed the 

maintenance task on the inheritance-based version, whereas the 

other group performed the maintenance task on the flat version.” 

 
Table 4.19: Controlled variables most found 

Controlled Variables N 
Experience 63 

Project 41 

System or program 51 

Method 38 

Technique 29 

Environment 15 

Time 20 

Tool 14 

Unclear 12 
 

4.2.4 RQ 1.3 – ENVIRONMENT 
This section describes the experiments investigated according to their 

location and type of the tools used. Table 4.20 describes data about the types of 

tools used in the experiments. The predominant type of tool reported by the authors 

is PC or workstation (only) with 41,6% of the experiments. This information is 

unknown in 25,3% of the experiments and Combination (PC + pen and paper) is 

used in almost 30% of the experiments. Below will be described collected stretches 

of studies that mention the types of tools used. 

• TSE05_4: “The computer laboratory was equipped with over 40 

personal computers. All computers had an internet connection and 

a standard disk image that was refreshed every week. The image 

contained a Web browser and Eclipse IDE [18] with the JUnit [5] 

plugin and CVS [19] client built in. Each student had a confidential 

CVS account with a private repository.” 
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• MESE_12: “As we utilized paper-based materials for collecting the 

experiment data, data entry was done manually by the 

experimenters and checked several times afterwards.” 
• JSS03_3: “In terms of comparison, we were also interested in 

knowing whether the tool could offer any advantages over the use 

of paper and pencil, in respect of its ability to support the activities 

involved in designing software.” 

 
Table 4.20: Type of tools used 

Tool N % 
PC or workstation (only) 138 41,6 

Pen and paper (only) 32 9,6 

Combination 76 22,9 

Others 1 0,3 

Unknown 84 25,3 

Total 331 100 
 

Table 4.21 describes the location of the experiments reported. In 56% of 

the experiments the location was a laboratory or classroom, this is the location most 

reported. For almost 36% of the experiments this information was unclear, so it is not 

possible to know where the experiment was conducted. Only 6,3% of the 

experiments were conducted in an office or similar location. Below will be described 

collected stretches of studies that mention where the experiment was conducted. 

• MESE_97: “This paper reports an experimental study that 

compares 2 techniques for test case prioritization. Our experiment 

was carried out at the Brazil Test Center (BTC-RD), a cooperation 

initiative between Motorola and the Federal University of 

Pernambuco.” 

• JSS13_11: “The experiment has been performed in laboratory of 

Computer Science at a university environment.” 

• MESE_111: “The participants got the material for the study by 

email. With this email, they received the instructions, the 

questionnaires (in one document), and the assigned paper. The 

next day, the experimenter phoned the participants to ask them 
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whether they got the mail. The participants were asked to return the 

completed questionnaire within two weeks. In case of delays, we 

personally approached the participants and asked them to complete 

the study.” 

 
Table 4.21: Location of the experiments 

Location N % 
Office or similar 21 6,3 

Laboratory or classroom 186 56,1 

Unclear 119 35,9 

Others 5 1,5 

Total 331 99,8 
 
4.2.5 RQ 1.4 – REPLICATION 

We have not analyzed data specifically about replications, rather only if 

the experiment performed a replication or not, Table 4.22 describes this information. 

This research does not include specific data on experiment replication because 

Magalhães, Silva, Santos and Suassuna (2014) have already done it. Below will be 

described collected stretches of studies that are replications. 

• ICSE12_6: “We collected empirical data from two replications: the 

first one involved 7 MSc students of the University of Trento, 

attending the course of “Software analysis and testing”. The second 

replication involved 14 BSc students of the University of Milano 

Bicocca, attending the course of “Software analysis and testing”, 

and 8 MSc students of the University of Milano Bicocca, attending 

the course of “Software quality control”.”  

• ICSE08_6: “Because we set out to perform a literal replication, it 

was important that all steps of the experiment be performed as 

closely to the original as possible.” 

 
Table 4.22: Distribution of replications 

Replication N % 
Yes 75 22,6 

No 256 77,3 

Total 331 100 
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4.2.6 RQ 1.5 – THREATS TO VALIDITY 
This section describes which experiments mentioned threats to internal, 

external, construct and conclusion validity. Table 4.23 describes the type of validity 

mentioned in the articles. Internal and external validity appears in more experiments, 

65% and 66,8% respectively. Construct validity appears in 40% of the experiments 

and conclusion validity in only 29%. The last line refers to the experiments that have 

an exclusive section for threats to validity, this information is reported in a high 

number of experiments, 204. Below will be presented the collected stretches of 

studies that explicitly mention each type of threats to validity. 

• TSE12_7: “Internal validity relates to inferences regarding cause-

effect or causal relationships. One potentially relevant threat of this 

type is selection bias that, at pretest, differences between selected 

groups exist which may affect the observed outcome.” 

• MESE_29: “Threats to external validity are those that may limit the 

applicability of the experimental results to industry practices [21]. 

The experiment considered three threats to external validity: 

participant representativeness, instrumentation representativeness 

and process representativeness.” 

• MESE_51: “The construct validity threat in our case is related to the 

fact that we used mutation analysis to measure the fault-detection 

effectiveness of testing strategies.” 

• JSS05_7: “Threats to conclusion validity. The only issue that could 

affect the statistical validity of this study was the size of the sample 

data (360 values, 18 models and 20 subjects), which is perhaps not 

enough for both parametric and non-parametric statistic tests 

(Briand et al., 1995). We are aware of this, so the results of this 

experiment were considered as preliminary findings.” 
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Table 4.23: Threats to validity mentioned by the experiments 

Threats to Validity N % 
Internal 159 65,1 

External 163 66,8 

Construct 99 40,5 

Conclusion 71 29 

Exclusive section 204 83,6 
 
 
4.3 ANALYSIS AND DISCUSSION 

This section discusses the results obtained from the systematic mapping 

study done for this research. Initially, we analyzed the results related to the research 

questions (4.3.1), then made a comparison with the same publishing location 

investigated by Sjoberg et al. (2005) work in the previous decade (4.3.2). 

 

4.3.1 CURRENT STATUS OF HUMAN-CENTRIC EXPERIMENTS IN SOFTWARE 
ENGINEERING 

Answering the question of primary research (RQ1), this systematic 

mapping study identified 331 experiments in 244 articles in the context of research 

published in EASE, ESEM, ESEJ, JSS, TSE and ICSE from 2003 to 2013 decade. 

These experiments reported information in the following categories: subjects, tasks, 

environment, threats to validity, replications. Despite the high number of experiments, 

it is necessary to analyze if the information reported is sufficient to permit replications 

and ensure the experimental validity. Firstly, will be answered the secondary 

research questions (RQ1.1; RQ1.2; RQ1.3; RQ1.4; RQ1.5) and these answers 

together answer the main research question (RQ1). 

Answering the RQ1.1, that corresponds to all information about the 

subjects that take part in the experiments. About the type of subject used in the 

experiments, the results showed that 73% of the experiments used students to 

execute the experimental tasks and only 26% used professionals. Depending on the 

experiment, students may also be representative of junior professionals. However, 

the low proportion of professionals used in software engineering experiments 

reduces experimental realism, which in turn may inhibit the understanding of 

industrial software processes (SJØBERG et al., 2005). 
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About subject’s drop-outs, 85% of the experiments did not mention this 

information. This number is alarming in face of the fact that subjects drop out of the 

experiment after it has got under way must be taken into account, as, depending on 

the factors addressed, this can invalidate the results (JURISTO; MORENO, 2001). 

For a half of the experiments the sample collection was not mentioned and 

only 2% used a randomized sample. In this context, the reliable scientific principles of 

experimental design and, specifically, randomization, can be used to generate data 

of higher quality for inferring causal relations (JURISTO; MORENO, 2001). Thus, it is 

encouraged the use of a randomized sample. 

Was identified that participant’s characteristics are not mentioned by 30% 

of the experiments. In human-oriented experiments, humans apply different 

treatments to objects and can imply several limitations to the control of the 

experiments. One of them is that humans have different skills and abilities, which in 

itself may be an independent variable (WOHLIN et al., 2012). So is fundamental to 

know the participant’s characteristics. 

For 53% of the experiments the information of if the experiment is 

mandatory is unclear. Also, in 70% of the experiments the reward offered to the 

participants was not mentioned. In some cases, the obligation to participate in the 

experiment and the participant’s reward can affect the participant’s motivation. So, it 

is necessary to know what relationship there is between experiment reliability and 

mandatory participation, for example. Thus, to be able to use the above relationship 

to predict reliability, we must also know what other project variables influence 

reliability as well as the interrelationships among all these variables that influence 

reliability (JURISTO; MORENO, 2001). 

Still about the participants, 72% of the experiments did not mention the 

target population. Thus, without this information it is difficult to generalize the 

experiment results and execute any replication. In this context, the data that were 

collected as a result of the experimentation are considered to be a sample of the 

above population (JURISTO; MORENO, 2001). Therefore, it is important to know the 

population sample. 

Answering the RQ1.2, that corresponds to all information about the tasks 

performed by the subjects. About material origin, 23% of the experiments did not 

mention this information and 1,2% did not mention material nature. So we consider 

that the community is accustomed to reporting this type of information. 
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In 48% of the experiments evaluation questionnaire was not mentioned. 

The evaluation questionnaire is important because through it the experimenter can 

identify the subject’s opinion about the objects and about the experiment itself. 

About the duration, 67% did not mention training duration, 64% did not 

mention task duration and 61% did not mention the total duration of the experiment. 

The time may play a crucial role in an experiment and can directly affect the 

experiment results. Thus, the absence of information about the duration may make 

impossible the realization of replications. 

The controlled variables were unclear in 12 of the 331 experiments, 

despite the low number, these variables are part of the nature of an experiment and 

must be present in any experiment. So, the absence of this information can directly 

affect its validity. 

Answering the RQ1.3, that corresponds to all information about the 

environment used in the experiment. In 25% of the experiments the type of the tools 

used is unknown and the location of the experiment is not mentioned in 35,9%. 

These aspects are fundamental to know how the experiment was executed. 

The goal of a replication of the above experiment would be to distinguish 

which sort of errors of omission or commission are best detected by the above 

technique (WOHLIN et al., 2012). Answering RQ1.4, which corresponds to 

information about if the experiment is a replication or not. Was identified that 77% of 

the experiments were not replications. So, we can consider that the majority of the 

experiments aim to realize new experimentations. 

Finally, this work investigates information about if the experiments mention 

threats to validity types and exclusive section, answering the RQ1.5. Adequate 

validity refers to that the results should be valid for the population in interest 

(WOHLIN et al., 2012). 

In this context, internal threats are points that assure that there is a causal 

relationship between the factors and the response variable (JURISTO; MORENO, 

2001). In the studies analyzed 35% did not mention internal validity. External threats 

are points required for experiment replications (JURISTO; MORENO, 2001). In this 

context, in the studies analyzed 34% did not mention external validity.  

Construct threats are points related to the design of the experiment to 

assure that it simulates the real conditions of use of the factors under consideration 

(JURISTO; MORENO, 2001). In the studies analyzed 60% did not mention construct 
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validity. Threats related to the conclusion are that is, on the process of drawing 

conclusions about the data output by the experiments (JURISTO; MORENO, 2001). 

In the studies analyzed 70% did not mention conclusion validity.  

Thus, answering the main research question (RQ1), the analysis 

performed indicated that despite now we have some guidelines and mechanisms to 

guide the experiments, there is a large gap in the report of the experiments. 

 

4.3.2 COMPARISION WITH THE PREVIOUS DECADE 
This section makes a comparison with Sjoberg et al. (2005) results, which 

comprehend experiments in the 1992 to 2002 decade. Both investigated the 

improvements in software engineering experiments. However, Sjoberg et al. (2005) 

use a quantitative approach whereas this work uses a qualitative one, and also 

quantified this data. 

In Sjoberg et al. work, in the equivalent venues (EMSE, ISESE, METRICS, 

JSS, TSE, ICSE), the results showed that until 1998 the number of controlled 

experiments increased, in 1999 had only eight papers that report experiments and 

after 2000 the number was stable showing almost the same value (between 10 and 

11). However, Sjoberg et al. obtained 88 papers, in the equivalent venues (EMSE, 

ISESE, METRICS, JSS, TSE, ICSE), that reported experiments against 244 obtained 

by our research, that is, the number almost has tripled.  

In the other variables analyzed we cannot take only the information about 

the equivalent venues so that we will compare with the result as a whole. For what 

concerns the researchers and institutions involved in software engineering 

experiments, three researchers from Sjoberg work are still in the top 20 ranked 

researchers such as, Dag Sjoberg, Magne Jørgensen and Claes Wholin. In the top 

10 ranked institutions, four are still ranked such as Lund University, University of 

Maryland, University of Oslo and Fraunhofer Institute for Experimental Software 

Engineering. 

In Sjoberg et al. work the predominant type of participants used are 

students, with 72% of the subjects. In our results, the students are also predominant 

in the experiments, with 73%. In the past decade the subject mortality (drop-outs) 

was reported in 24 experiments, in this work 48 experiments reported it. In the 

previous decade, for 14 experiments no information about the subjects was reported, 

in our case was 98 experiments. 
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In Sjoberg et al. work the number of papers that reported a mandatory 

participation was 12, in this work were 46 papers. For the subject’s reward, Sjoberg 

et al. related that 35 percent of the experiments informed about subject 

compensation for taking part on the experiment, in our case it was a close proportion 

(30 percent). The reward mostly reported in the previous decade was to affect 

participant’s grades, in our case payment was the most frequent case, followed by no 

reward. Random sampling was reported in two experiments in Sjoberg et al. work, in 

this work eight reported random sampling. This indicates that the number of 

experiments that use random sampling is still low in twenty years of empirical 

software engineering research. 

The proportion of planning, creation, modification and analysis tasks in the 

previous decade is, respectively, 10, 20, 16, and 54 percent. Inspection tasks occur 

in 37 (33%) of the experiments and are the most prominent. About the material type 

used in the experiments, 75 percent of the surveyed experiments involved 

applications that were either constructed for the purpose of the experiment or were 

parts of student projects.  

The results of this research showed that analysis tasks still have the 

higher proportion of experiments tasks, 35%. However, maintenance is the most 

prominent task, with 19,6% of the experiments. About the material type used in the 

experiments, 36 percent of the experiments investigated involved applications that 

were either constructed for the purpose of the experiment or were parts of student 

projects, the proportion is lower but still has the higher proportion. 

In Sjoberg et al. research, for the 27 experiments with professionals or 

with professionals and students, 17 reported no explicit information about the 

experimental setting. Only one experiment reported having been run in an office 

environment. Of the 85 experiments with students or with students and scientists, 13 

and seven, respectively, of those experiments, was explicitly stated that they were 

conducted in a laboratory and classroom. Among the experiments investigated, 55% 

report on tools to support the tasks of the experiments. Moreover, the use of 

computer tools is slightly higher than the use of pen and paper.  

The results of this research showed that 35% of the experiments did not 

mention no explicit information about the experiment location, 6% report to have 

been run in an office environment. For 56% it was reported that were run in a 

laboratory or classroom. Among the experiments investigated, 75% report the use of 
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tools in the experiment. Instead Sjoberg et al. work, the use of computer tools is four 

times higher than the use of pen and paper. 

In Sjoberg et al. survey, 20 experiments are described by the authors 

themselves as replications. In this research 75 (22%) of the experiments are 

replications. We can affirm that replications are a small proportion of the experiments 

conducted in the decades of 1992 to 2013. 

In Sjoberg et al. research, for 54 experiments (48%), there is a special 

section entitled “Threats to validity” or other combinations. Nine other experiments 

(8%) have special sections on threats to validity but with other names. Threats to 

internal validity are addressed explicitly for 71 experiments (63%) and threats to 

external validity are reported for 78 experiments (69%). 

Our results showed that for 204 experiments (83%) there is a special 

section entitled “Threats to Validity” or other similar combinations. Internal validity 

was reported in 65% of the experiments and external validity in 66%. So, we can 

observe that the numbers are constant in the twenty years analyzed, concluding that 

this number has not increased from a decade to another. 

  
4.4 INFORMATION EXPECTED IN AN EXPERIMENT REPORT 
 

From the analysis of the papers selected for the mapping study and the 

analysis of the existing guidelines to report experiments, it is possible to develop a 

new guideline with the expected information that an experiment report need to have. 

The authors Perry, Porter and Votta (2000) expect that good empirical 

studies will have each of these components and that papers written about the studies 

will discuss them as well. These components are: 

• research context,  

• hypotheses, 

• experimental design,  

• threats to validity, 

• data analysis and presentation, and 

• results and conclusions. 

Jedlitschka, Ciolkowski and Pfahl (2008) reporting guideline comprise the 

following elements: Title, Authorship, Structured Abstract, Keywords, Introduction, 
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Background, Experiment Planning, Execution, Analysis, Discussion, Conclusion and 

Future Work, Acknowledgements, References, and Appendices.  

In Sjoberg et al (2005), they recommend that researchers should 

accurately report the following: the type and number of subjects, including the 

mortality rate; context variables such as general software engineering experience 

and experience specific to the tasks of the experiments; how the subjects were 

recruited; the application areas and type of tasks; the duration of the tasks; and 

internal and external validity of the experiments, including being specific about the 

sample and target population of the experiment. 

For Juristo and Moreno (2001), good experimental documentation must 

cover all the phases of experimentation (goal definition, experimental design, 

execution and analysis) and supply all the information required by third parties to 

reproduce the above process. The most important points to be documented for each 

phase are specified and summarized below in Table 4.24. 
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Table 4.24: Questions to be addressed by experimental documentation 

Goal Definition Motivation for the experiment 

Design 

Earlier experiments 

Goals of the experiment 

Factors 

Response variables 

Parameters 

Blocks 

Experimental units 

Experimental subjects 

Data collection 

Internal replication 

Randomization 

Subject knowledge of the alternatives 

Schedule 

Constraints on the validity of the 
experimental results 

Experiment 
Execution 

Monitors 

Instructions 

Timing 

Exceptions 

Data collected 

Experimental 
analysis 

Constraints 

Methods of analysis 

Results of analysis 

Findings of the experiment 

Source: JURISTO; MORENO (2001) 

 

Thus, in this work was summarized the expected information that an 

experiment report needs to have, as can be seen in Table 4.25. In Appendix F can 

be found a checklist with this information. 
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Table 4.25: Expected information in an experiment report 

Category Information 

Goal 

Motivation 

Context 

Objective 

Design 

Source of the observed variables  

Dependent variables 

Independent variables 

Parameters 

Blocks 

Randomization 

Subjects 

How many subjects participated 

Category 

How many drop-outs 

Characteristics  

Population 

Technique used to recruit the sample 

Tasks 

Application areas 

Tasks description 

Experimental units 

Evaluation questionnaire 

Training  

Tasks duration  

Experiment total duration 

Material (kind, origin) 

Environment 
Where the experiment was realized 

Tools used ant its types 

Replication 
If the experiment is a replication or not 

If it is a replication, explain the main experiment  

Data Analysis 
Hypothesis 

Hypothesis test applied 

Threats to 
validity 

Internal validity 

External validity 

Conclusion validity  

Construct validity  
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CHAPTER 5: FINAL CONSIDERATIONS 
 

 
 

In this chapter, the threats to validity are discussed and future work is 

presented. To finish some conclusions are shown. 

 

5.1 THREATS TO VALIDITY 
This section presents possible limitations and threats to validity of the 

research presented in this thesis. Also, the actions taken to mitigate such threats will 

be handled. 

This research does not show bias in selecting studies since we selected 

all the full articles in EASE, ESEM, ESEJ, ICSE, TSE and JSS. Thus, it was not 

necessary to carry out automatic searches, mitigating the risk of relevant studies for 

research has not been included in the set of selected studies. It was decided not to 

include automated queries considering that the initial objective of the research is to 

investigate the experiments published by the software engineering community, 

considering the same publication vehicles analyzed by Sjoberg et al. (2005). The 

inclusion of automatic searches and other publication vehicles could make the 

realization of this work impractical for time and quality in the data analysis. 

One possible threat to this work is the inaccuracy in data extraction. To 

mitigate this threat, all extracted information process was performed by pairs of 

researchers, as described in Chapter 3 and all disagreements were resolved by the 

author of this dissertation. Before the extraction, an instructional video was made, 

showing how the extraction should be made. Besides, we performed an extraction 

pilot to avoid misunderstandings among the participants. Since the amount of 

extracted information was so large, we developed functions in order to automatically 

collect and analyze them. In the end, the author checks if the functions results were 

accurate. 

Another factor that can set up a threat is subjectivity during data 

extraction, especially for identify implicit information in the article. This threat was 

mitigated by the strategy to extract the information strictly as the authors mentioned 

in the articles, in the fields where it was necessary to extract how was the 

information. Moreover, was collected in where each information section found and so 

it can verify that the information collected is correct. 
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5.2 FUTURE WORK 
For future work the proposal is to extend this systematic mapping study to 

all relevant venues such as ACM Transactions on Software Engineering 

Methodology (TOSEM), IEEE Computer, IEEE Software, Information and Software 

Technology (IST), Software Maintenance and Evolution (SME), Software: Practice 

and Experience (SP&E) in order to include at least all of the sources investigated by 

previous studies (SJØBERG et al., 2005) in this direction.  

The goal is to reach a result that reflects the experiments performed by the 

software engineering community and provides insight on how and what evolutions, 

improvements, and changes have been made in the past decade. We can also 

extend the period for the year of 2015. 

Conduct research to identify reasons which help in understanding the high 

rates of missing information in the experiments, consulting the authors of 

experiments to verify the reason for the absence of certain information in the article 

that reports their experiment(s). 

 
5.3 CONCLUSIONS 
 

This work performed a systematic mapping study for articles that report 

experiments in software engineering. After the initial evaluation of 3671 papers, this 

mapping study selected 244 relevant primary studies that report 331 experiments. 

Using one main research question and five secondary research questions, it was 

possible to satisfactorily find evidences that showed the experiment’s reports need 

improvements. 

Among the results obtained, the following can stand out:  

• 85% of the experiments did not mention any information about 

subject’s drop outs;  

• Half of the experiments did not mention sample collection;  

• It was identified that participant’s characteristics is not mentioned 

by 30% of the experiments;  

• 53% of the experiments have unclear information if the experiment 

was mandatory;  
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• In 70% of the experiments the reward offered to the participants 

was not mentioned;  

• 72% of the experiments did not mention the target population;  

• In relation to material origin, 23% of the experiments did not 

mention this information;  

• In 48% of the experiments evaluation questionnaire was not 

mentioned;  

• About the duration, 67% did not mention training duration, 64% did 

not mention task duration and 61% did not mention total duration of 

the experiment;  

• The controlled variables were unclear in 12 of the 331 experiments;  

• In 25% of the experiments the type of the tools used is unknown 

and the location of the experiment is not mentioned in 35,9%;  

• 77% of the experiments were not replications;  

• 35% did not mention internal validity, 34% did not mention external 

validity, 60% did not mention construct validity and 70% did not 

mention conclusion validity. 

About the publishing local assessed, it found a slight difference between 

the journals when considering the amount of studies that report experiments. It can 

be stated that among the six vehicles analyzed, the ESEM had the highest number of 

articles that report experiments. This result can be attributed to the fact that the 

ESEM is a consolidated and important conference in Empirical Software Engineering 

area. 

From the analysis performed, this work conclude that despite guidelines 

exist now, there is a large gap in the report of the experiments. The main contribution 

of this work is to provide the reporting status of human-centric software engineering 

experiments and how this field has matured. Thus, it is also expected to have 

contributed towards to identify the gaps in the experiment’s report and to disseminate 

what are the important information that an experiment report may have. 
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APPENDIX A: INCLUDED PRIMARY STUDIES 
 
 

The list of included papers. Due space limitations, the only information 

displayed is number of experiments, ID, year, source and title.  

 

Experiments ID Year Source Title 

1 MESE_2 2006 EASE Assessing the value of Architectural 
Information Extracted from Patterns 
for Architecting 

1 MESE_3 2006 ESEM Distributed Versus Face-to-Face 
Meetings for Architecture 
Evaluation: A Controlled 
Experiment 

1 MESE_4 2006 ESEM Eliciting Better Quality Architecture 
Evaluation Scenarios: A Controlled 
Experiment on Top-Down vs. 
Bottom-Up 

1 MESE_5 2006 ESEJ Using patterns for the refinement 
and translation of UML models: A 
controlled experiment 

1 MESE_6 2006 ESEM Evaluating Advantages of Test 
Driven Development: a Controlled 
Experiment with Professionals 

1 MESE_7 2006 ESEM An Empirical Evaluation of a 
Testing and Debugging 
Methodology for Excel 

1 MESE_8 2006 ESEJ An experiment on linguistic tool 
support 
for consolidation of requirements 
from multiple sources in market-
driven product development 

1 MESE_9 2006 ESEM Testing and Inspecting Reusable 
Product Line Components: First 
Empirical Results 

3 MESE_11 2010 ESEM A Family of Empirical Studies to 
Compare Informal and 
Optimization-based Planning of 
Software Releases 

1 MESE_12 2006 ESEM Documenting Design Decision 
Rationale to Improve Individual and 
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Team Design Decision Making: An 
Experimental Evaluation 

1 MESE_15 2006 ESEM PBR vs. Checklist: A Replication in 
the N-Fold Inspection Context 

2 MESE_16 2006 EASE Prediction of Overoptimistic 
Predictions 

1 MESE_20 2006 ESEJ Perspective-Based Reading: A 
Replicated Experiment Focused on 
Individual Reviewer Effectiveness 

2 MESE_22 2006 ESEM An Empirical Comparison Between 
Pair Development and Software 
Inspection in Thailand 

1 MESE_23 2006 ESEJ An experimental evaluation of a 
higher-orderedtyped-functional 
specification-based test-generation 
technique 

1 MESE_24 2006 ESEJ The Impact of an Agile 
Methodology on the Well Being of 
Development Teams 

1 MESE_25 2006 ESEM Requirement Error Abstraction and 
Classification: An Empirical Study 

1 MESE_26 2006 ESEM Maximising the Information Gained 
From an Experimental Analysis of 
Code Inspection and Static 
Analysis for Concurrent Java 
Components 

1 MESE_29 2007 ESEM The Impact of Group Size on 
Software Architecture Evaluation: A 
Controlled Experiment 

1 MESE_35 2007 ESEM Usability Evaluation Based on Web 
Design Perspectives 

2 MESE_37 2007 ESEJ Building measure-based prediction 
models for UML class diagram 
maintainability 

1 MESE_38 2007 ESEM Test Inspected Unit or Inspect Unit 
Tested Code? 

1 MESE_39 2007 ESEM An Experimental Evaluation of the 
Effectiveness and Efficiency of the 
Test Driven Development 

1 MESE_40 2007 EASE An Experiment Measuring the 
Effects of Maintenance Tasks on 
Program Knowledge 

1 MESE_41 2007 ESEM Defect Detection Efficiency: Test 
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Case Based vs. Exploratory Testing 
2 MESE_43 2007 ESEJ Pair-wise comparisons versus 

planning game partitioning—
experiments on requirements 
prioritisation techniques 

1 MESE_46 2007 ESEM An Empirical Study of The Effects 
of Gestalt Principles on Diagram 
Understandability 

1 MESE_51 2007 ESEM Assessing, Comparing, and 
Combining Statechart-based testing 
and Structural testing: An 
Experiment 

1 MESE_52 2007 ESEJ The effect of experience on the 
test-driven development process 

1 MESE_53 2007 ESEM A Replicate Empirical Comparison 
between Pair Development and 
Software Development with 
Inspection 

1 MESE_55 2007 EASE Experimental Comparison of the 
Comprehensibility of a UML-based 
Formal Specification versus a 
Textual One 

2 MESE_56 2007 ESEM Cognitive Limits of Software Cost 
Estimation 

1 MESE_57 2007 ESEM Characterizing Software 
Architecture Changes: An Initial 
Study 

1 MESE_58 2007 ESEJ Maximising the information gained 
from a study of static analysis 
technologies for concurrent 
software 

1 MESE_61 2008 ESEJ Towards understanding the 
relationship between team climate 
and software quality—a quasi-
experimental study 

1 MESE_62 2008 EASE Assessment of a Framework for 
Designing and Evaluating Security 
Sensitive Architecture 

1 MESE_63 2008 ESEJ Comparing distributed and face-to-
face meetings for software 
architecture evaluation: A controlled 
experiment 
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1 MESE_64 2008 EASE An Evaluation of Function Point 
Counting Based on Measurement-
Oriented Models 

1 MESE_65 2008 EASE Impact of Experience and Team 
Size on the Quality of Scenarios for 
Architecture Evaluation 

1 MESE_66 2008 ESEJ Presenting software engineering 
results using structured abstracts: a 
randomised experiment 

1 MESE_68 2009 ESEJ A subject-based empirical 
evaluation of SSUCD’s 
performance in reducing 
inconsistencies in use case models 

1 MESE_70 2008 EASE A Preliminary Study of Sequence 
Effects in Judgment-based 
Software Development Work- Effort 
Estimation 

1 MESE_72 2008 ESEJ An experiment on the role of 
graphical elements in architecture 
visualization 

1 MESE_74 2008 EASE Comparing Inspection Methods 
using Controlled Experiments 

1 MESE_79 2008 ESEM The Impact of Time Controlled 
Reading on Software Inspection 
Effectiveness and Efficiency 

5 MESE_86 2009 ESEJ Assessing the understandability of 
UML statechart diagrams with 
composite states—A family of 
empirical studies 

1 MESE_87 2009 ESEM Evaluation of {model-based} 
Testing Techniques Selection 
Approaches: an External 
Replication 

1 MESE_88 2009 ESEM Does Explanation Improve the 
Acceptance of Decision Support for 
Product Release Planning? 

2 MESE_89 2009 ESEJ Experimental evaluation of a tool 
for the verification and 
transformation of source code in 
event-driven systems 

1 MESE_90 2009 ESEM Does Aspect-Oriented 
Programming Increase the 
Development Speed for 
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Crosscutting Code? An Empirical 
Study 

2 MESE_91 2009 ESEJ Practical challenges of 
requirements prioritization based on 
risk estimation 

1 MESE_92 2009 ESEM Impact of the Visitor Pattern on 
Program Comprehension and 
Maintenance 

1 MESE_95 2009 EASE Empirical Validation of a 
Requirements Engineering Process 
Guide 

1 MESE_97 2009 ESEM Test Case Prioritization Based on 
Data Reuse An Experimental Study 

1 MESE_99 2009 ESEM Cognitive Factors in Perspective-
Based Reading (PBR): A Protocol 
Analysis Study 

1 MESE_100 2009 ESEM An Empirical Study of the Effects of 
Personality in Pair Programming 
using the Five-Factor Model 

1 MESE_102 2009 ESEJ An experimental investigation of 
personality types impact on pair 
effectiveness in pair programming 

1 MESE_104 2009 ESEJ Empirical evaluation of an 
educational game on software 
measurement 

1 MESE_109 2010 EASE The Effect of Reasoning Strategies 
on Success in Early Learning of 
Programming: Lessons Learned 
from an External Experiment 
Replication 

1 MESE_111 2010 ESEM Evaluating a Model of Software 
Managers’ Information Needs – An 
Experiment 

7 MESE_115 2010 ESEJ An experimental comparison of ER 
and UML class diagrams for data 
modelling 

1 MESE_118 2010 ESEJ An empirical study on the efficiency 
of different design pattern 
representations in UML class 
diagrams 

1 MESE_119 2010 ESEM An Empirical Study of Specification 
by Example in a Software 
Engineering Tool 
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1 MESE_121 2010 ESEM On the Effectiveness of Screen 
Mockups in Requirements 
Engineering: Results from an 
Internal Replication 

1 MESE_122 2010 ESEM The Effects of Neuroticism on Pair 
Programming: An Empirical Study 
in the Higher Education Context 

1 MESE_123 2010 ESEM Building Empirical Support for 
Automated Code Smell Detection 

1 MESE_124 2010 EASE A Controlled Experiment on Team 
Meeting Style in Software 
Architecture Evaluation 

4 MESE_126 2011 ESEM An Experimental Evaluation of the 
Impact of System Sequence 
Diagrams and System Operation 
Contracts on the Quality of the 
Domain Model 

1 MESE_127 2010 ESEJ Reporting computing projects 
through structured 
abstracts: a quasi-experiment 

1 MESE_128 2011 ESEM Measuring the Efficacy of Code 
Clone Information in a Bug 
Localization Task: An Empirical 
Study 

1 MESE_130 2011 ESEM Exploring Software Measures to 
Assess Program Comprehension 

1 MESE_131 2011 EASE Using Background Colors to 
Support Program Comprehension 
in Software Product Lines 

1 MESE_132 2011 ESEM Experimental Analysis of Textual 
and Graphical Representations for 
Software Architecture Design 

1 MESE_133 2010 ESEJ Behavioral economics in software 
quality engineering 

1 MESE_134 2011 ESEM Preserving Aspects via Automation: 
a Maintainability Study 

3 MESE_138 2010 ESEJ From monolithic to component-
based performance evaluation of 
software architectures 

1 MESE_139 2011 ESEM Supporting Online Updates of 
Software Product Lines: A 
Controlled Experiment 

1 MESE_141 2011 EASE On the Effectiveness of the UML 
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Object Diagrams: A Replicated 
experiment 

2 MESE_146 2012 ESEM Does the Prioritization Technique 
Affect Stakeholders’ Selection of 
Essential Software Product 
Features? 

1 MESE_147 2012 EASE Evaluating Methods and 
Technologies in Software 
Engineering with Respect to 
Developers’ Skill Level 

1 MESE_149 2012 ESEJ Computer-mediated communication 
to support distributed requirements 
elicitations and negotiations tasks 

1 MESE_150 2011 ESEM Assessing the Impact of Real-Time 
Machine Translation on 
Requirements Meetings: A 
Replicated Experiment 

3 MESE_155 2013 ESEJ Do background colors improve 
program comprehension in the 
#ifdef hell? 

3 MESE_158 2012 ESEJ Program comprehension of 
domain-specific and general-
purpose languages: comparison 
using a family of experiments 

1 MESE_161 2012 ESEM Plat_Forms 2011: Finding 
Emergent Properties of Web 
Application Development Platforms 

1 MESE_162 2012 EASE Using the ISOIIEC 9 126 product 
quality model to classify defects a 
Controlled Experiment 

1 MESE_164 2012 ESEJ Replication of an experiment on 
linguistic tool support for 
consolidation of requirements from 
multiple sources 

1 MESE_166 2013 ESEM Lessons from Conducting a 
Distributed Quasi-experiment 

1 MESE_167 2013 EASE Are Forward Designed or Reverse-
Engineered UML Diagrams More 
Helpful for Code Maintenance?: A 
Controlled Experiment 

1 MESE_168 2013 ESEM A Replicated Experiment on the 
Effectiveness of Test-first 
Development 
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2 MESE_170 2013 ESEM Experimental Comparison of Two 
Safety Analysis Methods and its 
Replication 

1 MESE_171 2013 ESEM An Experimental Comparison of 
Two Risk-Based Security Methods 

1 MESE_172 2011 ESEM Design of an Empirical Study for 
Comparing the Usability of 
Concurrent Programming 
Languages 

1 MESE_174 2013 ESEM An Empirical Study of API Usability 

1 MESE_175 2013 EASE An exploratory study to investigate 
the impact of conceptualization in 
god class detection 

1 PS60 2003 EASE Are Reviews an Alternative to Pair 
Programming ? 

1 PS61 2003 EASE Comprehension ofdiagram syntax: 
an empirical study ofentity 
relationship notations 

1 PS63 2003 EASE Exploiting Use Case Descriptions 
for Specification and Design - An 
Empirical Study 

1 PS69 2003 EASE Using Students as Experiment 
Subjects – An Analysis on 
Graduate and Freshmen Student 
Data 

2 PS72 2004 EASE An Experimental Comparison of the 
Effectiveness and Usefulness of 
Inspection Techniques for Object-
Oriented Programs 

1 PS78 2004 EASE Requirements Prioritisation: An 
Experiment on Exhaustive Pair-
Wise Comparisons versus Planning 
Game Partitioning 

1 PS82 2005 EASE Assessing multiview framework 
(MF) comprehensibility and 
efficiency: A replicated experiment 

1 PS84 2005 EASE A preliminary study on the impact of 
a pair design phase on pair 
programming and solo 
programming 

1 PS209 2003 ESEM A Study on Agreement Between 
Participants in an Architecture 
Assessment 
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1 PS213 2003 ESEM An experiment on software project 
size and effort estimation 

1 PS214 2003 ESEM An Experimental Evaluation of 
Inspection and Testing for 
Detection of Design Faults 

1 PS218 2003 ESEM Applying Use Cases to Design 
versus Validate Class Diagrams – 
A Controlled Experiment Using a 
Professional Modelling Tool 

2 PS219 2003 ESEM Building Pair Programming 
Knowledge through a Family of 
Experiments 

1 PS221 2003 ESEM Comprehensibility and Efficiency of 
Multiview Framework for 
Measurement Plan Design 

1 PS228 2003 ESEM Observational Studies to Accelerate 
Process Experience in Classroom 
Studies: An Evaluation 

1 PS236 2004 ESEM An Empirical Study of a Qualitative 
Systematic Approach to 
Requirements Analysis (QSARA) 

1 PS240 2004 ESEM Assessing the Reproducibility and 
Accuracy of Functional Size 
Measurement Methods through 
Experimentation 

1 PS242 2004 ESEM Comparing Code Reading 
Techniques Applied to Object-
oriented Software Frameworks with 
regard to Effectiveness and Defect 
Detection Rate 

1 PS259 2004 ESEM A comparative study on the re-
documentation of existing software: 
Code annotations vs. drawing 
editors 

1 PS266 2005 ESEM An Empirical Investigation of the 
Comprehensibility of Requirements 
Specifications 

1 PS267 2005 ESEM An Empirical investigation on the 
Visualization of Temporal 
Uncertainties in Software 
Engineering Project Planning 

1 PS268 2005 ESEM An Empirical Study of Factors that 
Affect User Performance when 



	 87	

Using UML Interaction Diagrams 
2 PS269 2005 ESEM An Experiment on Subjective 

Evolvability Evaluation of Object-
Oriented Software: Explaining 
Factors and Interrater Agreement 

1 PS277 2005 ESEM Effects of Pair Programming at the 
Development Team Level: An 
Experiment 

1 PS278 2005 ESEM Empirical Results from an 
Experiment on Value-Based 
Review (VBR) Processes 

1 PS281 2005 ESEM Evaluating a Rapid Simulation 
Modelling Process (RSMP) through 
Controlled Experiments 

1 PS288 2005 ESEM Investigating Training Effects on 
Software Reviews: A Controlled 
Experiment 

1 PS295 2005 ESEM Quality vs. Quantity: Comparing 
Evaluation Methods in a Usability-
Focused Software Architecture 
Modification Task 

1 PS303 2005 ESEM Tool Assisted Identifier Naming for 
Improved Software Readability: An 
Empirical Study 

1 PS304 2005 ESEM TUCCA: Improving the 
Effectiveness of Use Case 
Construction and Requirement 
Analysis 

1 PS652 2003 ESEJ An Externally Replicated 
Experiment for Evaluating the 
Learning Effectiveness of Using 
Simulations in Software Project 
Management Education 

1 PS664 2004 ESEJ A Controlled Experiment 
Comparing the Maintainability of 
Programs Designed with and 
without Design Patterns—A 
Replication in a Real Programming 
Environment 

1 PS668 2004 ESEJ Are Reviews an Alternative to Pair 
Programming? 

3 PS670 2004 ESEJ Evaluation of Usage-Based 
Reading—Conclusions after Three 
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Experiments 
1 PS671 2004 ESEJ Group Processes in Software Effort 

Estimation 
1 PS677 2005 ESEJ A Characterization Schema for 

Software Testing Techniques 
1 PS684 2005 ESEJ Expert Estimation of Web-

Development Projects: Are 
Software Professionals in Technical 
Roles More Optimistic Than Those 
in Non-Technical Roles? 

2 PS685 2005 ESEJ Investigating the Role of Use Cases 
in the Construction of Class 
Diagrams 

2 PS692 2005 ESEJ The Influence of the Level of 
Abstraction on the Evolvability of 
Conceptual Models of Information 
Systems 

1 ICSE13_12 2013 ICSE Departures from Optimality: 
Understanding Human Analyst’s 
Information Foraging in Assisted 
Requirements Tracing 

1 ICSE13_16 2013 ICSE Improving Feature Location 
Practice with Multi-faceted 
Interactive Exploration 

1 ICSE13_17 2013 ICSE An Evaluation of Interactive Test-
Driven Labs with WebIDE in CS0 

1 ICSE12_4 2012 ICSE Improving Early Detection of 
Software Merge Conflicts 

1 ICSE12_5 2012 ICSE Detecting Similar Software 
Applications 

2 ICSE12_6 2012 ICSE An Empirical Study about the 
Effectiveness of Debugging 
When Random Test Cases Are 
Used 

3 ICSE12_7 2012 ICSE Development of Auxiliary 
Functions: Should You Be Agile? 
An Empirical Assessment of Pair 
Programming and Test-First 
Programming 

1 ICSE12_8 2012 ICSE Does Organizing Security Patterns 
Focus Architectural Choices? 

1 ICSE12_9 2012 ICSE Build Code Analysis with Symbolic 
Evaluation 
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1 ICSE12_10 2012 ICSE Synthesizing API Usage Examples 

1 ICSE12_11 2012 ICSE Automatic Parameter 
Recommendation for Practical API 
Usage 

1 ICSE12_12 2012 ICSE Recommending Source Code for 
Use in Rapid Software Prototypes 

1 ICSE12_13 2012 ICSE Active Code Completion 

1 ICSE12_14 2012 ICSE On the Proactive and Interactive 
Visualization for Feature Evolution 
Comprehension: An Industrial 
Investigation 

1 ICSE12_15 2012 ICSE Improving PSP Education by 
Pairing: An Empirical Study 

1 ICSE11_1 2011 ICSE Transformation for Class 
Immutability 

1 ICSE11_3 2011 ICSE Portfolio: Finding Relevant 
Functions and Their Usages 

1 ICSE11_4 2011 ICSE Software Systems as Cities: A 
Controlled Experiment 

1 ICSE09_1 2009 ICSE Automatically Capturing Source 
Code Context of NL-Queries for 
Software Maintenance and Reuse 

3 ICSE08_4 2008 ICSE Are Fit Tables Really Talking? A 
Series of Experiments to 
Understand whether Fit Tables are 
Useful during Evolution Tasks 

1 ICSE08_6 2008 ICSE On the Difficulty of Replicating 
Human Subjects Studies in 
Software Engineering 

1 ICSE07_2 2007 ICSE Do Maintainers Utilize Deployed 
Design Patterns Effectively? 

3 ICSE07_6 2007 ICSE The Role of Experience and Ability 
in Comprehension Tasks supported 
by UML Stereotypes 

2 ICSE06_7 2006 ICSE Effects of Defects in UML Models – 
An Experimental Investigation 

1 ICSE05_3 2005 ICSE An Empirical Study of Fault 
Localization for End-User 
Programmers 

1 ICSE05_10 2005 ICSE The Value of a Usability-Supporting 
Architectural Pattern in Software 
Architecture Design: A Controlled 
Experiment 
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1 ICSE04_1 2004 ICSE Team-based Fault Content 
Estimation in the Software 
Inspection Process 

1 ICSE03_2 2003 ICSE End-User Software Engineering 
with Assertions in the Spreadsheet 
Paradigm 

5 TSE13_2 2013 TSE Assessing the Effectiveness of 
Sequence Diagrams in the 
Comprehension of Functional 
Requirements: Results from a 
Family of Five Experiments 

1 TSE13_4 2013 TSE Trends in the Quality of Human-
Centric Software Engineering 
Experiments—A Quasi-Experiment 

1 TSE13_5 2013 TSE Monitor-Based Instant Software 
Refactoring 

1 TSE13_7 2013 TSE Usability through Software Design 

1 TSE13_8 2013 TSE Identification, Impact, and 
Refactoring 
of Smells in Pipe-Like Web 
Mashups 

1 TSE12_1 2012 TSE Comparing the Defect Reduction 
Benefits of Code Inspection and 
Test-Driven Development 

1 TSE12_2 2012 TSE Exploiting Dynamic Information in 
IDEs Improves Speed and 
Correctness of Software 
Maintenance Tasks 

1 TSE12_3 2012 TSE Software Development Estimation 
Biases: The Role of 
Interdependence 

2 TSE12_4 2012 TSE Palantír: Early Detection of 
Development Conflicts Arising from 
Parallel Code Changes 

1 TSE12_5 2012 TSE Structural Complexity and 
Programmer Team Strategy: An 
Experimental Test 

1 TSE12_7 2012 TSE Formal Specification-Based 
Inspection for Verification of 
Programs 

2 TSE12_8 2012 TSE Programmer-Friendly Refactoring 
Errors 

1 TSE12_9 2012 TSE Two Studies of Framework-Usage 
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Templates Extracted from Dynamic 
Traces 

1 TSE11_1 2011 TSE Plat_Forms: A Web Development 
Platform Comparison by an 
Exploratory Experiment Searching 
for Emergent Platform Properties 

4 TSE11_2 2011 TSE Assessing, Comparing, and 
Combining State Machine-Based 
Testing and Structural Testing: A 
Series of Experiments 

2 TSE11_3 2011 TSE Improving Source Code Lexicon 
via Traceability and Information 
Retrieval 

1 TSE11_4 2011 TSE A Controlled Experiment for 
Program Comprehension through 
Trace Visualization 

1 TSE11_5 2011 TSE A Controlled Experiment for 
Evaluating the Impact of Coupling 
on the Maintainability of Service-
Oriented Software 

1 TSE11_6 2011 TSE The Impact of Irrelevant and 
Misleading Information on Software 
Development Effort Estimates: A 
Randomized Controlled Field 
Experiment 

1 TSE10_1 2010 TSE Effects of Personality on Pair 
Programming 

4 TSE10_2 2010 TSE How Developers’ Experience and 
Ability Influence Web Application 
Comprehension Tasks Supported 
by UML Stereotypes: A Series of 
Four Experiments 

1 TSE09_3 2009 TSE The Impact of Lessons-Learned 
Sessions on Effort Estimation and 
Uncertainty Assessments 

1 TSE08_1 2008 TSE A Realistic Empirical Evaluation of 
the Costs and Benefits of UML in 
Software Maintenance 

1 TSE08_3 2008 TSE Effective Software Merging in the 
Presence of Object-Oriented 
Refactorings 

2 TSE08_4 2008 TSE The Effect of Pairs in Program 
Design Tasks 
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1 TSE08_5 2008 TSE The Impact of Educational 
Background on the Effectiveness of 
Requirements Inspections: An 
Empirical Study 

1 TSE07_1 2007 TSE Evaluating Pair Programming with 
Respect to System Complexity and 
Programmer Expertise 

1 TSE06_2 2006 TSE Interactive Fault Localization 
Techniques in a Spreadsheet 
Environment 

2 TSE06_3 2006 TSE The Impact of UML Documentation 
on Software Maintenance: An 
Experimental Evaluation 

2 TSE05_3 2005 TSE An Experimental Investigation of 
Formality in UML-Based 
Development 

1 TSE05_4 2005 TSE On the Effectiveness of the Test-
First Approach to Programming 

1 TSE05_5 2005 TSE The Structural Complexity of 
Software: An Experimental Test 

1 TSE04_1 2004 TSE A Cognitive-Based Mechanism for 
Constructing Software Inspection 
Teams 

1 TSE04_2 2004 TSE An Empirical Study of Software 
Project Bidding 

3 TSE04_3 2004 TSE Assessing and Improving State-
Based Class Testing: A Series of 
Experiments 

2 TSE04_4 2004 TSE Cognitive Heuristics in Software 
Engineering: Applying and 
Extending Anchoring and 
Adjustment to Artifact Reuse 

1 TSE03_1 2003 TSE An Experimental Comparison of 
Usage-Based and Checklist-Based 
Reading 

1 TSE03_2 2003 TSE Computer-Mediated Group 
Support, Anonymity, and the 
Software Inspection Process: An 
Empirical Investigation 

1 TSE03_3 2003 TSE Investigating the Defect Detection 
Effectiveness and Cost Benefit of 
Nominal Inspection Teams 

1 TSE03_4 2003 TSE Knowledge-Based Repository 
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Scheme for Storing and Retrieving 
Business Components: A 
Theoretical Design and an 
Empirical Analysis 

1 TSE03_6 2003 TSE The Development and Evaluation of 
Three Diverse Techniques for 
Object-Oriented Code Inspection 

1 JSS03_1 2003 JSS Evaluating defect estimation 
models with major defects 

2 JSS03_2 2003 JSS A controlled experiment on 
inheritance depth as a cost factor 
for code maintenance 

1 JSS03_3 2003 JSS CASE tool evaluation: experiences 
from an empirical study 

1 JSS03_4 2003 JSS Amorphous program slicing 

1 JSS03_5 2003 JSS Software effort estimation by 
analogy and ‘‘regression toward the 
mean’ 

1 JSS04_1 2004 JSS Supporting risks in software project 
management 

3 JSS04_2 2004 JSS Better sure than safe? Over-
confidence in judgement based 
software development effort 
prediction intervals 

1 JSS04_3 2004 JSS A controlled experiment 
investigation of an object-oriented 
design heuristic for maintainability 

1 JSS05_1 2005 JSS Software requirement 
understanding using Pathfinder 
networks: discovering and 
evaluating mental models 

1 JSS05_2 2005 JSS An experimental card game for 
teaching software engineering 
processes 

3 JSS05_3 2005 JSS The task-dependent nature of the 
maintenance of object-oriented 
programs 

1 JSS05_4 2005 JSS DPE/PAC: decentralized process 
engine with product access control 

2 JSS05_6 2005 JSS An empirical comparison of the 
dynamic modeling 
in OML and UML 

5 JSS05_7 2005 JSS A family of experiments to validate 
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metrics for software process 
models 

1 JSS05_8 2005 JSS An empirical investigation of the 
impact of the object-oriented 
paradigm on the maintainability of 
real-world mission-critical software 

1 JSS05_9 2005 JSS Two controlled experiments 
concerning the comparison of pair 
programming to peer review 

1 JSS06_1 2006 JSS The knowledge management 
efficacy of matching information 
systems development 
methodologies with application 
characteristics—an experimental 
study 

4 JSS06_3 2006 JSS Empirical assessment of using 
stereotypes to improve 
comprehension of UML models: A 
set of experiments 

1 JSS06_4 2006 JSS An empirical study of groupware 
support for distributed software 
architecture evaluation process 

1 JSS07_1 2007 JSS Evaluating performances of pair 
designing in industry 

2 JSS07_3 2007 JSS Do programmer pairs make 
different mistakes than solo 
programmers? 

1 JSS07_5 2007 JSS Comprehension strategies and 
difficulties in maintaining object-
oriented systems: An explorative 
study 

1 JSS07_6 2007 JSS Inconsistency of expert judgment-
based estimates of software 
development effort 

1 JSS08_2 2008 JSS Industrial validation of COVAMOF 

1 JSS08_4 2008 JSS The influence of checklists and 
roles on software practitioner risk 
perception and decision-making 

1 JSS08_5 2008 JSS Setting checkpoints in legacy code 
to improve fault-tolerance 

1 JSS08_7 2008 JSS Software architecting without 
requirements knowledge and 
experience: What are the 
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repercussions? 

1 JSS08_8 2008 JSS A pilot study to compare 
programming effort for two parallel 
programming models 

4 JSS09_1 2009 JSS A family of experiments to evaluate 
a functional size measurement 
procedure for Web applications 

1 JSS09_2 2009 JSS Using Wikis to support the Net 
Generation in improving knowledge 
acquisition in capstone projects 

1 JSS09_3 2009 JSS Evaluating two ways of calculating 
priorities in requirements 
hierarchies – An experiment on 
hierarchical cumulative voting 

1 JSS09_4 2009 JSS Enriching software architecture 
documentation 

4 JSS10_1 2010 JSS Selection of strategies in judgment-
based effort estimation 

3 JSS10_5 2010 JSS Bad news reporting on troubled IT 
projects: Reassessing the 
mediating role of responsibility in 
the basic whistleblowing model 

1 JSS12_1 2012 JSS Making sense of business process 
descriptions: An experimental 
comparison of graphical and textual 
notations 

1 JSS12_2 2012 JSS Towards automated traceability 
maintenance 

1 JSS13_3 2013 JSS On the impact of trace-based 
feature location in the performance 
of software maintainers 

1 JSS13_4 2013 JSS Toward automated refactoring of 
crosscutting concerns into aspects 

1 JSS13_7 2013 JSS A mixed-method approach for the 
empirical evaluation of the issue-
based variability modeling 

2 JSS13_8 2013 JSS Performing and analyzing non-
formal inspections of entity 
relationship diagram (ERD) 

1 JSS13_11 2013 JSS Domain-Specific Modeling 
Languages to improve framework 
instantiation 
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APPENDIX B: EXCLUDED PRIMARY STUDIES 
 
 

The list of excluded papers in data extraction step. Due space limitations, 

the only information displayed is ID, year, source, title and exclusion criteria. 

 

ID Year Source Title Criteria 
MESE_1 2006 EASE Simulation of Experiments for 

Data Collection – a replicated 
study 

Is not an 
experiment 

MESE_10 2006 ESEJ Prioritizing JUnit Test Cases: 
An Empirical Assessment and 
Cost-Benefits Analysis 

Is not an 
experiment 

MESE_13 2006 ESEJ An empirical study of fine-
grained software modifications 

Is not an 
experiment 

MESE_14 2006 ESEJ An evaluation of combination 
strategies for test case 
selection 

Is not an 
experiment 

MESE_17 2006 ESEM Evaluating the Practical Use 
of Different Measurement 
Scales in Requirements 
Prioritisation 

Is not an 
experiment 

MESE_18 2006 EASE Assessing the Quality and 
Cleaning of a Software Project 
Dataset: An Experience 
Report 

Is not an 
experiment 

MESE_19 2006 ESEM Cross-company and Single-
company Effort Models Using 
the ISBSG Database: a 
Further Replicated Study 

Is not an 
experiment 

MESE_21 2006 ESEM An Empirical Analysis and 
Comparison of Random 
Testing Techniques 

Is not an 
experiment 

MESE_27 2007 ESEM Impact Analysis of Missing 
Values on the Prediction 
Accuracy of Analogy based 
Software Effort Estimation 
Method AQUA 

Is not an 
experiment 

MESE_28 2007 ESEM An Estimation Model for Test 
Execution Effort 

Is not an 
experiment 

MESE_30 2007 ESEM Evaluating the Usefulness and 
Ease of Use of a Groupware 

Is not an 
experiment 
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Tool for the Software 
Architecture Evaluation 
Process 

MESE_31 2007 ESEJ Protocols in the use of 
empirical software engineering 
artifacts 

Is not an 
experiment 

MESE_32 2007 ESEM Usage and Perceptions of 
Agile Software Development 
in an Industrial Context: An 
Exploratory Study 

Is not an 
experiment 

MESE_33 2007 EASE Preliminary results of a study 
of the completeness and 
clarity of structured abstracts 

Usability 
experiment 

MESE_34 2007 ESEM Tuning anonymity level for 
assuring high data quality: an 
empirical study 

Is not an 
experiment 

MESE_36 2007 ESEJ Trace anomalies as 
precursors of field failures: an 
empirical study 

Is not an 
experiment 

MESE_42 2007 ESEM The Effects of Over and Under 
Sampling on Fault-prone 
Module Detection 

Is not an 
experiment 

MESE_44 2007 ESEJ Identifying and addressing 
problems in object-oriented 
framework reuse 

Is not an 
experiment 

MESE_45 2007 ESEM Toward Reducing Fault Fix 
Time: Understanding 
Developer Behavior for the 
Design of Automated Fault 
Detection Tools 

Is not an 
experiment 

MESE_47 2007 ESEJ A practical approach to testing 
GUI systems 

Is not an 
experiment 

MESE_48 2007 ESEM Filtering, Robust Filtering, 
Polishing: Techniques for 
Addressing Quality in 
Software Data 

Is not an 
experiment 

MESE_49 2007 ESEJ Experimenting with software 
testbeds for evaluating new 
technologies 

Is not an 
experiment 

MESE_50 2007 ESEM Fault-Prone Filtering: 
Detection of Fault-Prone 
Modules Using Spam Filtering 
Technique 

Is not an 
experiment 
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MESE_54 2007 ESEM Building Software Cost 
Estimation Models using 
Homogenous Data 

Is not an 
experiment 

MESE_59 2007 ESEJ Empirical evaluation of 
optimization algorithms when 
used in goal-oriented 
automated test data 
generation techniques 

Is not an 
experiment 

MESE_60 2007 ESEJ A study of effectiveness of 
dynamic slicing in locating real 
faults 

Is not an 
experiment 

MESE_67 2008 ESEJ A binomial software reliability 
model based on coverage of 
structural testing criteria 

Is not an 
experiment 

MESE_69 2008 ESEJ On the effectiveness of early 
life cycle defect prediction with 
Bayesian Nets 

Is not an 
experiment 

MESE_71 2008 ESEJ Analysing the effectiveness of 
rule-coverage as a reduction 
criterion for test suites of 
grammar-based software 

Is not an 
experiment 

MESE_73 2008 ESEM Reducing Biases in Individual 
Software Effort Estimations: 
A Combining Approach 

Is not an 
experiment 

MESE_75 2008 ESEJ Exploiting the empirical 
characteristics of program 
dependences for improved 
forward computation of 
dynamic slices 

Is not an 
experiment 

MESE_76 2008 ESEM Combining Regression and 
Estimation by Analogy in a 
Semi-parametric Model for 
Software Cost Estimation 

Is not an 
experiment 

MESE_77 2008 ESEJ Tests for consistent 
measurement of external 
subjective software quality 
attributes 

Is not an 
experiment 

MESE_78 2007 ESEM A Constrained Regression 
Technique for COCOMO 
Calibration 

Is not an 
experiment 

MESE_80 2008 ESEM Comparative Studies of the 
Model Evaluation Criterions 
MMRE and PRED in Software 

Is not an 
experiment 
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Cost Estimation Research 
MESE_81 2008 EASE Adopting Curvilinear 

Component Analysis to 
Improve Software Cost 
Estimation Accuracy Model, 
Application Strategy, and an 
Experimental Verification 

Is not an 
experiment 

MESE_82 2008 ESEM Evaluation of Capture-
Recapture Models for 
Estimating the Abundance of 
Naturally-Occurring Defects 

Is not an 
experiment 

MESE_83 2009 EASE Preliminary Reporting 
Guidelines for Experience 
Papers 

Is not an 
experiment 

MESE_84 2009 ESEM What Do We Know About 
Perspective-Based Reading? 
An Approach for Quantitative 
Aggregation in Software 
Engineering 

Is not an 
experiment 

MESE_85 2009 ESEJ An empirical analysis of 
information retrieval based 
concept location techniques in 
software comprehension 

Is not an 
experiment 

MESE_93 2009 ESEM Using Differences among 
Replications of Software 
Engineering Experiments to 
Gain Knowledge 

Is not an 
experiment 

MESE_94 2011 ESEJ WCET analysis of modern 
processors using multi-criteria 
optimisation 

Is not an 
experiment 

MESE_96 2009 ESEJ A study of the non-linear 
adjustment for analogy based 
software cost estimation 

Is not an 
experiment 

MESE_98 2009 EASE Using systematic reviews and 
evidence-based software 
engineering with masters 
students 

Is not an 
experiment 

MESE_101 2009 ESEM An Analysis of CVSS Version 
2 Vulnerability Scoring 

Is not an 
experiment 

MESE_103 2009 ESEJ On guiding the augmentation 
of an automated test suite 
via mutation analysis 

Is not an 
experiment 

MESE_105 2009 ESEJ Testing peer-to-peer systems Is not an 
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experiment 
MESE_106 2010 ESEM Usability Evaluation of Multi-

Device/Platform User 
Interfaces Generated by 
Model-Driven Engineering 

Usability 
experiment 

MESE_107 2010 ESEM Investigating the Use of Tags 
in Collaborative Development 
Environments: A Replicated 
Study 

Is not an 
experiment 

MESE_108 2010 ESEM A Qualitative Study of 
Animation Programming in the 
Wild 

Is not an 
experiment 

MESE_110 2010 ESEJ Fault-prone module detection 
using large-scale text features 
based on spam filtering 

Is not an 
experiment 

MESE_112 2010 ESEM An Effective Fault Aware Test 
Case Prioritization by 
Incorporating a Fault 
Localization Technique 

Is not an 
experiment 

MESE_113 2010 EASE Investigating effort prediction 
of web-based applications 
using CBR on the ISBSG 
dataset 

Is not an 
experiment 

MESE_114 2010 ESEM Categorization of Real-Time 
Software Components for 
Code Size Estimation 

Is not an 
experiment 

MESE_116 2010 ESEJ LSEbA: least squares 
regression and estimation by 
analogy in a semi-parametric 
model for software 
cost estimation 

Is not an 
experiment 

MESE_117 2010 ESEM A machine learning approach 
for text categorization of 
fixing-issue commits on CVS 

Is not an 
experiment 

MESE_120 2010 EASE Experiences Conducting 
Systematic Reviews from 
Novices‟ Perspective 

Is not an 
experiment 

MESE_125 2010 ESEJ An adaptive QoS-aware fault 
tolerance strategy for web 
services 

Is not an 
experiment 

MESE_129 2011 EASE Comparative analysis of meta-
analysis methods: when to 
use which? 

Is not an 
experiment 
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MESE_135 2013 ESEJ Kernel methods for software 
effort estimation Effects of 
different kernel functions and 
bandwidths on estimation 
accuracy 

Is not an 
experiment 

MESE_136 2011 ESEM Mining Static Code Metrics for 
a Robust Prediction of 
Software Defect-Proneness 

Is not an 
experiment 

MESE_137 2011 ESEM How Humans merge UML-
Models 

Is not an 
experiment 

MESE_140 2011 ESEM Network versus Code Metrics 
to Predict Defects: A 
Replication Study 

Is not an 
experiment 

MESE_142 2011 EASE An Empirical Validation of 
FindBugs Issues Related to 
Defects 

Is not an 
experiment 

MESE_143 2012 ESEM Towards a Model to Support 
in silico Studies of Software 
Evolution 

Is not an 
experiment 

MESE_144 2011 ESEJ A replicated assessment and 
comparison of adaptation 
techniques for analogy-based 
effort estimation 

Is not an 
experiment 

MESE_145 2013 ESEJ On the impact of software 
evolution on software 
clustering 

Is not an 
experiment 

MESE_148 2012 EASE Evaluation of Traceability 
Recovery in Context: A 
Taxonomy for Information 
Retrieval Tools 

Is not an 
experiment 

MESE_151 2013 ESEJ How (and why) developers 
use the dynamic features of 
programming languages: the 
case of smalltalk 

Is not an 
experiment 

MESE_152 2012 ESEM Experimental Assessment of 
Software Metrics Using 
Automated Refactoring 

Is not an 
experiment 

MESE_153 2012 ESEJ Evaluating defect prediction 
approaches: a benchmark and 
an extensive comparison 

Is not an 
experiment 

MESE_154 2012 ESEJ Time variance and defect 
prediction in software projects 
Towards an exploitation of 

Is not an 
experiment 
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periods of stability and change 
as well as a notion of concept 
drift in software projects 

MESE_156 2012 EASE On Integrating Student 
Empirical Software 
Engineering Studies with 
Research and Teaching Goals 

Is not an 
experiment 

MESE_157 2012 ESEM Method-Level Bug Prediction Is not an 
experiment 

MESE_159 2012 ESEM Recommender Systems for 
Manual Testing 

Is not an 
experiment 

MESE_160 2013 ESEJ On the value of outlier 
elimination on software effort 
estimation research 

Is not an 
experiment 

MESE_163 2012 ESEM Predicting Defect Numbers 
Based on Defect State 
Transition Models 

Is not an 
experiment 

MESE_165 2013 ESEM Using Ensembles for Web 
Effort Estimation 

Is not an 
experiment 

MESE_169 2013 ESEM Learning from Open-Source 
Projects: An Empirical Study 
on Defect Prediction 

Is not an 
experiment 

MESE_173 2013 ESEM Benchmarking Usability and 
Performance of Multicore 
Languages 

Is not an 
experiment 

MESE_176 2013 ESEM How Significant Is the Effect of 
Fault Interactions on 
Coverage-based Fault 
Localizations? 

Is not an 
experiment 

MESE_177 2013 ESEJ GPGPU test suite 
minimisation: search based 
software engineering 
performance improvement 
using graphics cards 

Is not an 
experiment 

PS68 2003 EASE Using Game Theory to Study 
Bidding for Software Projects 

Is not an 
experiment 

PS70 2004 ESEM A Comparison of Cross-
company and Within-company 
Effort Estimation Models for 
Web Applications 

Is not an 
experiment 

PS77 2005 EASE Monitoring Fault Classification 
Agreement in an Industrial 
Context 

Is not an 
experiment 
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PS210 2003 ESEM An Empirical Analysis of Fault 
Persistence Through Software 
Releases 

Is not an 
experiment 

PS211 2003 ESEM An Empirical Comparison of 
Two Safe Regression Test 
Selection Techniques 

Is not an 
experiment 

PS226 2003 ESEM Investigating the Accuracy of 
Defect Estimation Models for 
Individuals and Teams Based 
on Inspection Data 

Is not an 
experiment 

PS229 2003 ESEM Quantitative Studies in 
Software Release Planning 
under Risk and Resource 
Constraints 

Is not an 
experiment 

PS231 2003 ESEM The Application of Capture-
Recapture Log-Linear Models 
To Software Inspections Data 

Is not an 
experiment 

PS237 2004 ESEM An Empirical Study of 
eServices Product UML Sizing 
Metrics 

Is not an 
experiment 

PS243 2004 ESEM Comparing the Fault Detection 
Effectiveness of N-way and 
Random Test Suites 

Is not an 
experiment 

PS246 2004 ESEM Increasing the Accuracy and 
Reliability of Analogy-Based 
Cost Estimation with 
Extensive Project Feature 
Dimension Weighting 

Is not an 
experiment 

PS251 2004 ESEM The Influence of the Level of 
Abstraction on the Evolvability 
of Conceptual Models of 
Information Systems 

Duplicated 

PS252 2004 ESEM Tool-Supported Unobtrusive 
Evaluation of Software 
Engineering Process 
Conformance 

Is not an 
experiment 

PS254 2004 ESEM Understanding the Impact of 
Assumptions on Experimental 
Validity 

Is not an 
experiment 

PS255 2004 ESEM Using Empirical Testbeds to 
Accelerate Technology 
Maturity and Transition: The 
SCRover Experience 

Is not an 
experiment 
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PS256 2004 ESEM Using Students as Subjects in 
Requirements Prioritization 

Is not an 
experiment 

PS272 2005 ESEM Comparison of Various 
Methods for Handling 
Incomplete Data in Software 
Engineering Databases 

Is not an 
experiment 

PS285 2005 ESEM Genetic Algorithms to Support 
Software Engineering 
Experimentation 

Is not an 
experiment 

PS659 2003 ESEJ Fault-Threshold Prediction 
with Linear Programming 
Methodologies 

Is not an 
experiment 

PS663 2003 ESEJ Techniques of Successful 
Application of Factor Analysis 
in Software Measurement 

Is not an 
experiment 

PS679 2005 ESEJ An Empirical Approach to 
Characterizing Risky Software 
Projects Based on Logistic 
Regression Analysis 

Is not an 
experiment 

PS683 2005 ESEJ Collecting Feedback During 
Software Engineering 
Experiments 

Is not an 
experiment 

ICSE13_1 2013 ICSE Feedback-Directed Unit Test 
Generation for C/C++ 
using Concolic Execution 

Is not an 
experiment 

ICSE13_2 2013 ICSE A Learning-Based Method for 
Combining Testing 
Techniques 

Is not an 
experiment 

ICSE13_3 2013 ICSE Guided Test Generation for 
Web Applications 

Is not an 
experiment 

ICSE13_4 2013 ICSE Bridging the Gap between the 
Total and Additional Test-
Case Prioritization Strategies 

Is not an 
experiment 

ICSE13_5 2013 ICSE Segmented Symbolic Analysis Is not an 
experiment 

ICSE13_6 2013 ICSE What Good Are Strong 
Specifications? 

Is not an 
experiment 

ICSE13_7 2013 ICSE Partition-Based Regression 
Verification 

Is not an 
experiment 

ICSE13_8 2013 ICSE Transfer Defect Learning Is not an 
experiment 

ICSE13_9 2013 ICSE Boa: A Language and 
Infrastructure for Analyzing 

Is not an 
experiment 
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Ultra-Large-Scale Software 
Repositories 

ICSE13_10 2013 ICSE How, and Why, Process 
Metrics Are Better 

Is not an 
experiment 

ICSE13_11 2013 ICSE Not Going to Take This 
Anymore: Multi-objective 
Overtime Planning for 
Software Engineering Projects 

Is not an 
experiment 

ICSE13_13 2013 ICSE Automated Reliability 
Estimation over Partial 
Systematic Explorations 

Is not an 
experiment 

ICSE13_14 2013 ICSE Exploring the Impact of Inter-
smell Relations on Software 
Maintainability: An Empirical 
Study 

Is not an 
experiment 

ICSE13_15 2013 ICSE An Empirical Study on the 
Developers’ Perception of 
Software Coupling 

Is not an 
experiment 

ICSE12_1 2012 ICSE Recovering Traceability Links 
between an API and Its 
Learning Resources 

Is not an 
experiment 

ICSE12_2 2012 ICSE How Do Professional 
Developers Comprehend 
Software? 

Is not an 
experiment 

ICSE11_2 2011 ICSE Refactoring Pipe-like Mashups 
for End-User Programmers 

Is not an 
experiment 

ICSE10_3 2010 ICSE A Search Engine For Finding 
Highly Relevant Applications 

Is not an 
experiment 

ICSE10_8 2010 ICSE Moving into a New Software 
Project Landscape 

Is not an 
experiment 

ICSE03_6 2003 ICSE Problems and Programmers: 
An Educational Software 
Engineering Card Game 

Short paper 

TSE13_1 2013 TSE How Programmers Debug, 
Revisited: An Information 
Foraging Theory Perspective 

Is not an 
experiment 

TSE13_3 2013 TSE A Machine Learning Approach 
to Software Requirements 
Prioritization 

Is not an 
experiment 

TSE13_6 2013 TSE Patterns of Knowledge in API 
Reference Documentation 

Is not an 
experiment 

TSE13_9 2013 TSE Supporting Domain Analysis 
through Mining and 

Is not an 
experiment 



	 106	

Recommending Features from 
Online Product Listings 

TSE12_6 2012 TSE Exemplar: A Source Code 
Search Engine for Finding 
Highly Relevant Applications 

Is not an 
experiment 

TSE11_7 2011 TSE A Dynamic Slicing Technique 
for UML Architectural Models 

Is not an 
experiment 

TSE04_5 2004 TSE How Effective Developers 
Investigate 
Source Code: An Exploratory 
Study 

Is not an 
experiment 

TSE03_5 2003 TSE Perceived Influences on 
Implementing Data 
Warehousing 

Is not an 
experiment 

JSS05_5 2005 JSS Genetic granular classifiers in 
modeling software quality 

Is not an 
experiment 

JSS06_2 2006 JSS Measuring the usability of 
software components 

Is not an 
experiment 

JSS07_2 2007 JSS Pounamu: A meta-tool for 
exploratory domain-specific 
visual language tool 
development 

Is not an 
experiment 

JSS07_4 2007 JSS Characteristics of software 
engineers with optimistic 
predictions 

Is not an 
experiment 

JSS08_1 2008 JSS Software Engineering Using 
RATionale 

Usability 
experiment 

JSS08_3 2008 JSS A Web services-based 
framework for building 
componentized digital libraries 

Usability 
experiment 

JSS08_6 2008 JSS Predictive accuracy 
comparison of fuzzy models 
for 
software development effort of 
small programs 

Is not an 
experiment 

JSS10_2 2010 JSS The effect of testing location 
on usability testing 
performance, participant 
stress levels, and subjective 
testing experience 

Usability 
experiment 

JSS10_3 2010 JSS A model checker for WS-CDL Is not an 
experiment 

JSS10_4 2010 JSS Measuring effectiveness of Usability 
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HCI integration in software 
development processes 

experiment 

JSS11_1 2011 JSS A model of job satisfaction for 
collaborative development 
processes 

Is not an 
experiment 

JSS11_2 2011 JSS Implementing multiplayer 
pervasive installations based 
on mobile sensing devices: 
Field experience and user 
evaluation from a public 
showcase 

Is not an 
experiment 

JSS12_3 2012 JSS Identification and application 
of Extract Class refactorings in 
object-oriented systems 

Is not an 
experiment 

JSS13_1 2013 JSS Failure prediction based on 
log files using Random 
Indexing and Support Vector 
Machines 

Is not an 
experiment 

JSS13_2 2013 JSS Empirical validation of a 
usability inspection method for 
model-driven Web 
development 

Usability 
experiment 

JSS13_5 2013 JSS Setting the best view of a 
virtual teacher in a mixed 
reality physical-task learning 
support system 

Is not an 
experiment 

JSS13_6 2013 JSS Metamodel-driven definition of 
a visual modeling language for 
specifying interactive 
groupware applications: An 
empirical study 

Usability 
experiment 

JSS13_9 2013 JSS Modeling users on the World 
Wide Web based on cognitive 
factors, navigation behavior 
and clustering techniques 

Is not an 
experiment 

JSS13_10 2013 JSS Detecting Web requirements 
conflicts and inconsistencies 
under a model-based 
perspective 

Is not an 
experiment 
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APPENDIX C: SYSTEMATIC MAPPING STUDY PROTOCOL – PHASE 1 
 
 
1. Background 

Experimentation is a type of empirical study that allows knowledge to be 

generated in a systematic, disciplined, quantifiable, and controlled way, especially in 

areas where human interaction is a dominant factor [1]. However, characteristics like 

human behavior and their interactions can make experiments difficult to plan and 

evaluate, because it is not possible to generate accurate models as in Mathematics 

[2].  

Software engineering (SE) researchers perform an impressively diverse number 

of evaluations, including observations of tools, surveys with developers who use tools 

in practice, and controlled experiments of tools effects on human performance. 

However, controlled (quantitative) experiments with human participants are still quite 

seldom, mainly human participants using tools [3]. 

In 2005, Sjoberg et al. [4] reported a survey that quantitatively characterized 

controlled experiments in software engineering published in nine journals and three 

conference proceedings in the decade from 1993 to 2002. This work motivated us to 

investigate and analyze how the experiments in software engineering were executed 

and reported one decade ahead. 

 
2. Research Goal 

The main goal of this work is to qualitatively and quantitatively characterize and 

analyze experiments in software engineering published in two conferences 

proceedings and one journal from 2003 to 2013. This research does not include 

specific data on experiment replication because Magalhães, Silva, Santos and 

Suassuna have already done it. However, this research includes data on the extent 

to which internal, external, conclusion and construct validity. 

3. Research Questions 
The main research question is: 

RQ: How has the SE community been reporting software engineering 

controlled experiments in the 2003-2013 decade? 

 
4. Search Strategy 
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 No automatic search was necessary because the search process only 

involved manual searches in EASE, ESEM and ESEJ proceedings from 2003 to 

2013.  

 
5. Selection Strategy 
 

The inclusion criteria are all the full papers published in ICSE, JSS and TSE 

proceedings from 2003 to 2013. The following exclusion criteria were adopted: (1) 

short papers, (2) non-technical papers, (3) duplicate papers, (4) papers that do not fit 

in the controlled experiment definition, (5) usability experiments. Usability 

experiments are not included because, similarly to Sjoberg et al., we consider them 

as part of Human-Computer Interaction area.  

The definition of controlled experiment used in this work is the same used by 

Sjoberg et al., so the experiments reported in the papers should fit in this definition:  

 Controlled experiment in software engineering (operational definition): A randomized 
experiment or a quasi-experiment in which individuals or teams (the experimental units) 
conduct one or more software engineering tasks for the sake of comparing different 
populations, processes, methods, techniques, languages, or tools (the treatments). 

In this phase the authors used the papers selected by Borges et al. (2015) in the 

years of 2003 to 2010. 

 
6. Data Extraction 
 The data extraction involved five researchers, who worked in pairs to analyze 

the papers. Before the extraction an instructional video was made, showing how the 

extraction should be made. A pilot study, in which each researcher had to review one 

paper, will be conducted. The extraction spreadsheet also had commented 

instructions. Researchers involved: 

• Alex Nery; 

• Waldemar Ferreira; 

• Vilmar Nepomuceno; 

• Larissa Falcão. 

A spreadsheet was used to make data extraction, where the first column 

represents the topic and the second represents the information that had to be 

extracted from the studies, as detailed in Table I. 
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Category Question 

About the experiment Is it an experiment, what are 
the keywords? 

About the 
participants 

How many, categories, 
rewards, population, 
techniques were used to 
collect the sample? 

Task 
What were the task category, 
variables, evaluation 
questionnaire, training, time? 

Environment 
Where was the experiment 
carried out? Which tools and 
method were used? 

Replication Is it a replication? 

Data Analysis 
Does it apply hypothesis 
testing? What is the statistical 
test used?  

Threats to validity 
Does it explicitly mention 
internal, external, conclusion, 
and construct validity? 

Area for General 
Comments 

Is there any general comment 
about the paper and/or 
suggestions? 
Table I 

 
During the extraction process, all the researchers should review the 

papers considering title, abstract, keywords, introduction, methodology, results, and 

conclusion. In some cases, a meticulous reading of the paper will be necessary. 

 

7. Project timetable 
 
Date Duration Activity 
01/12/2014 One week Data Extraction  
08/12/2014 One week Data Extraction  
15/12/2014 One week Data Extraction  
22/12/2014 One week Data Extraction  
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[3] A. J. Ko, T. D. Latoza, M. M. Burnett, “A practical guide to controlled experiments 
of software engineering tools with human participants”. Empirical Software 
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APPENDIX D: SYSTEMATIC MAPPING STUDY PROTOCOL - PHASE 2 
 
 
1. Background 

Experimentation is a type of empirical study that allows knowledge to be 

generated in a systematic, disciplined, quantifiable, and controlled way, especially in 

areas where human interaction is a dominant factor [1]. However, characteristics like 

human behavior and their interactions can make experiments difficult to plan and 

evaluate, because it is not possible to generate accurate models as in Mathematics 

[2].  

Software engineering (SE) researchers perform an impressively diverse number 

of evaluations, including observations of tools, surveys with developers who use tools 

in practice, and controlled experiments of tools effects on human performance. 

However, controlled (quantitative) experiments with human participants are still quite 

seldom, mainly human participants using tools [3]. 

In 2005, Sjoberg et al. [4] reported a survey that quantitatively characterized 

controlled experiments in software engineering published in nine journals and three 

conference proceedings in the decade from 1993 to 2002. This work motivated us to 

investigate and analyze how the experiments in software engineering were executed 

and reported one decade ahead. 

 
2. Research Goal 

The main goal of this work is to qualitatively and quantitatively characterize and 

analyze experiments in software engineering published in two journals and one 

conference proceedings from 2003 to 2013. This research does not include specific 

data on experiment replication because Magalhães, Silva, Santos and Suassuna [5] 

have already done it. However, this research includes data on the extent to which 

internal, external, conclusion and construct validity. 

3. Research Questions 
The main research question is: 

RQ: How has the SE community been reporting software engineering 

controlled experiments in the 2003-2013 decade? 

 
4. Search Strategy 
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 No automatic search was necessary because the search process only 

involved manual searches in ICSE, JSS and TSE proceedings from 2003 to 2013.  

 
5. Selection Strategy 
 

The inclusion criteria are all the full papers published in ICSE, JSS and TSE 

proceedings from 2003 to 2013. The following exclusion criteria were adopted: (1) 

short papers, (2) non-technical papers, (3) duplicate papers, (4) papers that do not fit 

in the controlled experiment definition, (5) usability experiments. Usability 

experiments are not included because, similarly to Sjoberg et al. [4], we consider 

them as part of Human-Computer Interaction area.  

The definition of controlled experiment used in this work is the same used by 

Sjoberg et al. [4], so the experiments reported in the papers should fit in this 

definition:  

 Controlled experiment in software engineering (operational definition): A randomized 
experiment or a quasi-experiment in which individuals or teams (the experimental units) 
conduct one or more software engineering tasks for the sake of comparing different 
populations, processes, methods, techniques, languages, or tools (the treatments). 

In this phase the authors used the papers selected by Siegmund and Schumann 

[6] in the years of 2003 to 2010 that are in ICSE and TSE proceedings, applying our 

exclusion criteria after. JSS proceedings from 2003 to 2013 and ICSE, TSE 

proceedings from 2011 to 2013 were reviewed considering title, abstract, keywords 

and conclusion. In some cases, we search for the words “experiment” or 

“experimental study” to be sure that it was not an experiment. 

 
6. Data Extraction 
 The data extraction involved five researchers, who worked in pairs to analyze 

the papers. Before the extraction an instructional video was made, showing how the 

extraction should be made. A pilot study, in which each researcher had to review one 

paper, will be conducted. The extraction spreadsheet also had commented 

instructions. Researchers involved: 

• Samuel Romeiro 

• Eudis Teixeira 

• Liliane Fonseca 

• Diogo Silva 

• Larissa Falcão 
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• Waldemar Ferreira 

 A spreadsheet was used to make data extraction, where the first column 

represents the topic and the second represents the information that had to be 

extracted from the studies, as detailed in Table I. 

Category Question 

About the experiment Is it an experiment, what are 
the keywords? 

About the 
participants 

How many, categories, 
rewards, population, 
techniques were used to 
collect the sample? 

Task 
What were the task category, 
variables, evaluation 
questionnaire, training, time? 

Environment 
Where was the experiment 
carried out? Which tools and 
method were used? 

Replication Is it a replication? 

Data Analysis 
Does it apply hypothesis 
testing? What is the statistical 
test used?  

Threats to validity 
Does it explicitly mention 
internal, external, conclusion, 
and construct validity? 

Area for General 
Comments 

Is there any general comment 
about the paper and/or 
suggestions? 
Table I 

 
During the extraction process, all the researchers should review the papers 

considering title, abstract, keywords, introduction, methodology, results, and 

conclusion. In some cases, a meticulous reading of the paper will be necessary. This 

process will be performed in cycles in order to avoid errors. Each cycle will last one 

week, in which each pair is responsible for data extraction from a total of forty papers 

(ten papers per cycle). 

 
7. Project timetable 
 
Date Duration Activity 
03/08/2015 1 week Search of the studies 

10/08/2015 5 weeks Selection of the studies 

23/09/2015 One day Pilot study 
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24/09/2015 One week Data Extraction  
01/10/2015 One week Data Extraction  
08/10/2015 One week Data Extraction  
15/10/2015 One week Data Extraction  
 
 
8. References 
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(ESEM), 2011 International Symposium on , vol., no., pp.107,116, 22-23 Sept. 2011. 
[3] A. J. Ko, T. D. Latoza, M. M. Burnett, “A practical guide to controlled experiments 
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	 116	

APPENDIX E: RESEARCHER’S CHARACTERISTICS 
	
	

1. Alex Nery Borges Junior 
 

PhD student in Computer Science in the Informatics Center of the Federal 

University of Pernambuco (CIn/UFPE), in the field of Software Engineering. 

Experience of 2 years (2010/2012) as a researcher and developer in Kurier project, 

funded by CNPq and in partnership with the company Login Capital, affiliated with 

the Porto Digital - PE. Five years of experience in higher education in Computer 

Science, with emphasis on Software Engineering, Programming Language, Data 

Structure and Database. Experience as an academic researcher in themes: 

Experimental Software Engineering, Agile Methodologies, Database, Distributed 

Software Development and Ontologies. 

 
2. Diogo Vinícius de Sousa Silva 

 
A master's degree in Computer Science at UFPE, graduated in 

Information Systems Technology from the Federal Center of Technological Education 

of Piaui (2006). It works with technologies in the Java platform since 2006 developing 

systems for WEB. It has been leading project development and technology manager. 

In 2012, together with colleagues founded the Hinterland Games studio to develop 

digital games. His main topics of interest are: Web Programming, Software Testing, 

Cloud Computing, Software Engineering, Project Management, Agile Methods and 

Digital Games Development. Currently is professor at the Federal Institute of 

Education, Science and Technology of Maranhão (IFMA). 

 
3. Eudis Oliveira Teixeira 

 
PhD student in Computer Science at the Informatics Centre (CIn) of the 

Federal University of Pernambuco - UFPE. Master in Computer Science from the 

informatics Centre (CIn) UFPE (2014). Graduated in Computer Science from the 

Faculty of Applied and Social Sciences of Petrolina - FACAPE (2006) and 

specialization in Software Engineering from FACAPE / DSC - Pernambuco University 

(2008). He has experience in Computer Science, with emphasis on Evidence-Based 

Software Engineering, Web and Distance Education Mediated by Computer. 

Currently is effective professor of Federal Institute of Education, Science and 
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Technology of Sertão Pernambucano, Campus Petrolina, teaching courses in the 

area of Graphics Applications, Human Machine Interface, Virtual Learning 

Environments and Introduction to Distance Education. 

 
4. Larissa Catão Tenório Falcão 

 
Currently she is student of the Master Course in Computer Science from 

the Federal University of Pernambuco. Part of the Software Productivity Group and 

Microsoft Academic Program, Microsoft Student Partners. Graduate Degree in 

Computing from the University of Pernambuco. Technical Informatics (Software 

Development) by the State Technical School Professor Agamemnon Magalhães - 

ETEPAM. Microsoft Certified Technology Associate (MTA): Software Development 

Fundamentals Exam 98-361 and certified Cambridge English: Preliminary. Works 

mainly in the area of Software Engineering, Empirical Software Engineering, Object-

oriented Software Development and Computer Education. 

 
5. Liliane Sheyla da Silva Fonseca 

PhD student at Informatics Center of the Federal University of 

Pernambuco with emphasis on Empirical Studies. Holds a Master degree in 

Computer Science from the Information Center at UFPE in the risk management area 

and Bachelor degree in Computer Engineering from the University of Pernambuco. It 

has experience in computer science, with emphasis on Software Engineering. 

 

6. Samuel Carlos Romeiro Azevedo Souto 
Master student at CIn/UFPE and Bachelor of Computer Science from the 

Academic Unit of Garanhuns (UAG/UFRPE). Developed research work and 

experimentation of robotic automation and control systems and object tracking using 

radio frequency identification systems. Currently he is working at the Experimental 

Software Engineering Group CIn/UFPE (ESEG). He has good knowledge of the 

programming languages Java and C/C++ and knowledge of English as a second 

language. 

 
7. Vilmar Santos Nepomuceno 

PhD student at Informatics Center of the Federal University of 

Pernambuco with emphasis on Empirical Studies. Graduated in Computer Science 
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from the Federal University of Pernambuco and a Masters in Computer Science from 

the Federal University of Pernambuco. He is currently Professor of EBTT IFPE-

Campus Garanhuns. By 2012 he was a senior systems engineer at Advanced 

Studies and Systems Center of Recife, and professor at the Faculty of Philosophy 

and Letters Cauaru. It has experience in computer science, with emphasis on 

Computational Intelligence. 

 
8. Waldemar Pires Ferreira Neto 

Graduated in Computer Science from the Federal University of Campina 

Grande (2006) and master's degree in Computer Science from the Federal University 

of Campina Grande (2009). It has experience in computer science, with emphasis on 

Software Engineering. He is currently PhD student at the Federal University of 

Pernambuco in the area of Empirical Studies in Software Engineering. 
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APPENDIX F: CHECKLIST FOR EXPERIMENTS REPORTS 
	

1. Goal 
 Motivation 

 Context 

 Objective 

 
2. Design 

 Source of the observed variables 

 Dependent variables 

 Independent variables 

 Parameters 

 Blocks 

 Randomization 

 
3. Subjects 

 Number of people who participated (sample) 

 Category (undergraduate students, graduate students, professionals) 

 Number of drop outs 

 Characteristics (background, age, gender, work experience, experience specific 

to the tasks, nationality) that can affect the experiment 

 Population 

 Technique used to recruit the sample 

 

4. Tasks 
 Application areas 

 Tasks description 

 Experimental units 

 Evaluation questionnaire 

 Training duration 

 Training description 

 Tasks duration 

 Experiment total duration 

 Type of material used 
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Origin of the material used 

 

5. Environment 
 Local where the experiment was realized 

 Tools description 

 Tools type (PC, pen and paper, combination) 

 

6. Replication 
 If the experiment is a replication or not 

 If it is a replication, explain the main experiment 

 

7. Data Analysis 
 Hypothesis 

 Hypothesis test applied 

 Results 

 Conclusions 

 

8. Treats to Validity 
 Internal validity 

 External validity 

 Conclusion validity 

 Construct validity 


