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For decades there has been research conducted on the characteristics of highly performing 
software engineers, but this research has mostly focused on programmers and analysts. 
There has been only limited research done on the characteristics of software testers. 
 
This thesis reports a case study conducted in three Finnish software product companies. 
The study aims to identify highly performing testers and the characteristics, that can be 
seen as important for highly performing testers. Additionally defect reporting rates on 
defect tracking system data from the case organizations is analyzed in order to see whether 
top defect reporters are seen as highly performing testers. 
 
In the study software development managers and software testers from the case 
organizations are interviewed. Characteristics of the highly performing testers are gathered 
from the interview data using qualitative research methods. These findings are compared 
to the characteristics represented on literature. 
 
Knowledge in the product’s application domain and experience with the use and 
development of the product are found to be important characteristics of highly performing 
testers. This knowledge is used to better understand the requirements and specifications of 
the product under test and to function as a test oracle while using explorative testing or 
undetailed test cases. In addition, good motivation and communication skills are seen as 
important characteristics. Personality traits identified in the study include thoroughness, 
persistency, accuracy, and creativeness. 
 
Defect reporting rate, meanwhile, is found to be poor proxy for identifying highly 
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Jo vuosikymmenien ajan on tutkittu erinomaisesti suoriutuvien ohjelmistoinsinöörien 
ominaisuuksia, mutta tutkimus on keskittynyt pääasiassa ohjelmoijiin ja suunnittelijoihin. 
Ohjelmistotestaajia ei juuri ole huomiotu tutkimuksissa. 
 
Tämä diplomityö esittää kolmessa suomalaisessa ohjelmistotuoteyrityksessä suoritetun 
tapaustutkimuksen, minkä tarkoituksena oli löytää organisaatioiden hyvin suoriutuvia 
testaajia ja luonnehtia näiden ominaisuuksia. Tutkimuksessa analysoitiin myös 
organisaatioiden virhetietokannoista saatua dataa siinä tarkoituksessa, että hyvin 
suoriutuvat testaajat voitaisiin tunnistaa tästä datasta. 
 
Tapaustutkimuksessa haastateltiin ohjelmistotuotannosta vastaavia päälliköitä ja 
ohjelmistojen testaajia tapausorganisaatioista. Hyvien testaajien ominaisuudet kerättiin  
haastattelumateriaalista laadullisen tutkimuksen menetelmillä ja niitä verrattiin 
kirjallisuudessa esitettyihin hyvien testaajien ominaisuuksiin. 
 
Tutkimuksen mukaan tuotteen käyttöalueen liiketoiminnan tuntemus ja kokemus tuotteen 
käytöstä ja kehittämisestä ovat hyvien suoriutuvien testaajan ominaisuuksia. Tietoa ja 
kokemusta tarvitaan tuotteen vaatimusten ja määritysten parempaan ymmärtämiseen sekä 
tuotteen oikean toiminnan määrittämiseen tehtäessä tutkivaa testausta tai testattaessa 
tuotetta yleisluontoisten testitapausten perusteella. Myös hyvä motivaatio ja 
kommunikaatiotaidot nähtiin merkittäviksi ominaisuuksiksi. Persoonallisuusominai-
suuksista esiin nousivat perinpohjaisuus, sinnikkyys, tarkkuus ja luovuus. 
 
Virheiden raportointimääriä ei voitu pitää käyttökelpoisena mittarina hyvin suoriutuville 
testaajille, koska niihin vaikuttaa mm. työtehtävien ja –ajan erilainen jakauma. 
Testaamisen rityisalojen osaajia pidettiin myös hyvin suoriutuvina raportointimääriin 
katsomatta. 
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1 Introduction 

1.1 Motivation and background 

The assignment of highly performing employees to each role in an organization can be 

easily seen as an important factor in the general performance of the organization. As 

in other domains, this is also true in software development (Acuna et al. 2006). It has 

been seen for decades that the performance of such employees, including software 

engineers, can be dependent upon different characteristics, traits and skills of the 

persons (Weinberg 1998) and several studies on the topic have been conducted over 

the years. These studies, however, have focused upon programmers and analysts or 

upon software engineers in general (see chapter 2.3). To our knowledge, similar 

studies on software testers have been limited. 

Testing is an important part of the quality assurance of software development. In a 

strict sense, testing can mean the execution of tests to validate the fulfillment of 

requirements and verify the correctness of the software. In a broader meaning, 

however, testing also covers many other tasks like designing test cases and managing 

the testing process (Black 2002; Burnstein 2003). This thesis uses the broader 

meaning of testing. Similarly, software tester – in the scope of this thesis – means any 

person in the software production organization who performs these tasks. They can be 

either specialized in testing or performing testing in addition to their main role. 

Software development best practices include tracking known defects. In most cases, 

tracking is carried out by using a special defect tracking system. When a defect is 

found, a defect report is written into the defect tracking system. The most important 

part of this report is the description of the defect, what is wrong, how it can be 

reproduced, etc. This information can be enhanced with other information about the 

severity, effect, cause, and status of the defect. The report and linked information are 

updated as the status of the defect changes during the development process. (Black 

2002; Pol et al. 2002) 

A defect tracking system is a communication medium and eases work allocation. It is 

also a data source for different kinds of status reports and graphs for project and 

product management (Black 2002). To ensure effective use of a defect tracking 

system, defect reports need set classifications for different types of information. 

Several classification systems have been presented with different mandatory and 
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optional categories (e.g., Basili and Selby 1987; Black 2002; IEEE 1993; Mäntylä and 

Lassenius 2009; Pol et al. 2002). With different classifications comes also the problem 

of comparing analyses between data sets that utilize different classification (Chillarege 

et al. 1992; Seaman et al. 2008). 

There have been a lot of research activities that have attempted to analyze the 

information in defect tracking databases in order to define the most common types of 

defects and to identify the most error-prone modules of the software at hand. There 

have also been studies conducted that aim to improve the quality of the software 

development processes by using defect tracking databases as a data source. Most of 

these studies try to model out defect detection in future projects or upcoming phases 

of a current software development project. There have been only a few studies 

however, that have sought to find out who reports the defects to the defect tracking 

systems and what affects the quality and efficiency of their reporting. (Jalote et al. 

2007) 

This thesis presents a study that aims to find out what kinds of testers are seen as 

highly performing testers; i.e., how can they be characterized. The study also tries to 

find out if these highly performing testers can be identified by analyzing the 

information stored into the defect tracking systems. 

1.2 Research problem 

The first goal of this study is to find out what kinds of persons are seen as highly 

performing testers in the case organizations. The subjective peer and management 

view of the identity and characteristics of the highly performing software testers is 

used because there is no well-known objective measure for overall software tester 

performance that would cover all the different aspects and tasks of software testing. 

The second goal of the study is to test the hypothesis that the defect tracking system 

data and more exactly the defect reporting rate per person can be used as a proxy for 

measuring the overall performance of the testers. 

These goals are broken down into the following five research questions: 

RQ1: What groups, based on the roles of employees, report defects in the 

organizations? This is an important part of identifying who acts as testers in the case 

organizations. In many small and medium-sized organizations, there are no 

specialized testers and testing is distributed to employees in other roles (Pol et al. 
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2002). It is also important to differentiate whether the defect reporters found the 

defects by themselves or are reporting defects found by someone else; for example 

customer support reporting defects found by end users. 

RQ2: How can one explain the differences in defect reporting rates in the 

organization? It is very likely that there are differences in defect reporting rates in an 

organization both among groups, based on the roles of employees, and among 

individuals. It is important to understand the reasons behind these differences. Some 

of the differences can be based on the organizational and process issues, but some of 

the differences can also be based on the performance of the testers. 

RQ3: What are seen as the characteristics of highly performing testers? What 

kinds of personality traits, skills, education, experience and other characteristics can 

be used to describe the highly performing testers? Are there different types of highly 

performing testers? Why are some persons seen as highly performing testers? 

RQ4: Who are seen as highly performing testers in the organization? This 

question acts as an auxiliary research question. The exact persons in the case 

organizations are not the primary target, but they have to be identified, nevertheless, in 

order to study the following question. 

RQ5: Can the highly performing testers be identified from the defect tracking 

data? This research question directly aims to answer the second goal of the study: to 

test if defect reporting rates can be used as a measure of tester performance. 

The research questions are linked. Some of them depend upon each other or support 

answering the other questions. The interdependencies are represented in Figure 1. 
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Figure 1 Interdependencies of the Research Questions 

1.3 Scope and definitions 

Testing as a task, and testers as performers of that task, can be defined in multiple 

ways. Some definitions limit the meaning of testing to the execution of test cases, 

while others cover also other tasks like test management and test case design (Black 

2002; Burnstein 2003). This study takes and uses the broader meaning of testing, 

including test management, test case design, test execution, etc. 

On the other hand, the study is limited to the testing done inside an organization; i.e., 

in the company by its employees. Testing done by customers and users is not within 

the scope of this study. Similarly, a tester, in this study, is any employee of the 

company who performs testing as part of his job in any form. Testers can be testing 

specialist, but they can also be software developers, customer support engineers, etc. 

There has been discussion in the literature as to what “defect” means (see, for 

instance, Mäntylä and Lassenius 2009). This study does not try limit the term to a 

single definition; instead, each case is analyzed using the definition used by the case 

organization. Because in some cases defect tracking systems may contain also other 
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kinds of issues like feature requests or requirements, these are excluded from the study 

as they normally are not found by software testers while testing the software. 

1.4 Methodology 

This study was conducted as an exploratory case study (Runeson and Höst 2009) in 

three Finnish software product companies. The case study is considered an embedded 

case study with three units of analysis, with each company as a unit of analysis. 

The research was conducted as follows: 

1. Initial analysis of the defect tracking database data 

2. Interviews of the product development managers 

3. Interviews of the testers 

4. Analysis of the interview data in each case 

5. Cross-case analysis of both the defect tracking database and interview data 

1.4.1 Initial analysis of the defect tracking database data 

The main goal of the initial analysis of the defect database data was to identify the 

most efficient testers in the case companies. This was done by counting the 

cumulative and average number of defects found over time per defect reporter in the 

data. The secondary goal was to obtain a general picture of the defect reporters, such 

as what kinds of roles they had in the company and how defect types were distributed 

among them, and also to get a general picture of the testing process in each of the 

companies. This initial analysis was conducted as an exploratory analysis using the 

SPSS statistical analysis software. 

1.4.2 Interviews of the product development managers 

In each case company a manager in charge of the product development or quality 

assurance was interviewed to get an overview of the testing processes used in the 

company. The objective was to understand what kind of defects would be left out of 

the company’s defect data base either because of their characteristics or because of the 

practices used. It was assumed that, for example, defects found by low-level unit tests 

would not be reported into the databases. 

The interviews were carried out using the general interview guide approach (Patton 

2002, p. 342). The first part of the interviews was common to all companies. The 
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second part of the interviews was unique for each case company and was based on the 

initial analysis of the defect database data that had been previously obtained from the 

company. The common interview section contained topics like company quality 

assurance process, usage of the defect database, different backgrounds of testers in the 

company, and so on. A detailed interview guide for the common section is attached as 

Appendix A. In the company-specific section, more detailed questions about the 

defect database data were asked. These questions tried to clarify any ambiguities 

found during the initial analysis of the defect database data. The manager was also 

inquired about his or her personal opinion as to who was the most efficient tester in 

the company. This information was used later when the interviewees for the second 

phase were selected. 

1.4.3 Interviews of the testers 

Three testers from each case company were selected for interviews. Selection in each 

case was made in co-operation with the interviewed manager after his or her 

respective interview. The basic idea was to obtain interviews with the most efficient 

tester from each type of testers in the company. Recent efficiency was given more 

weight in order to get information from people who had current testing experience in 

the case companies. The managers gave important extra information about the roles 

and availability of the testers for the interviews. Some of the most efficient testers 

were not available for the interviews as they were part-time employees, had left the 

company, or were too busy with current projects. 

Testers were interviewed by using the general interview guide approach (Patton 2002, 

p. 342). In Case C, although three testers were chosen in that case the manager was 

also interviewed on these same topics as the initial defect database analysis had 

revealed him to be one of the most efficient testers in that company. 

Interviews of the testers covered topics like the educational background and work 

experience of the interviewees, how their job is linked to testing, how they conduct 

testing, what kind of characteristics they see as important in a good tester, and so on. 

A detailed interview guide is attached as Appendix B. 

1.4.4 Analysis of the interview data 

All interviews were recorded. Interviews were carried out on the premises of the case 

companies in quiet meeting rooms. Each interviewee was interviewed individually by 
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the main researcher. In most interviews, there was another researcher present who 

made written notes about the interview as a backup to the recording. 

Interview recordings were transcribed in full by a third-party service. Transcripts were 

then revised by the main researcher by comparing them to the original recordings. 

Transcribed interviews were coded using both the topics of the interview guides as 

codes and codes that were grounded to the interview data. Codes were then analyzed 

and similar codes were combined into more general codes in order to get the number 

of codes utilized to a lower level. This unification of coding was done across all cases 

in order to ease the later cross-case analysis. Coded transcriptions were then analyzed. 

1.4.5 Cross-case analysis 

In cross-case analysis, findings from the cases were compared to each other in order to 

find similarities and differences. Furthermore, the backgrounds of the cases; i.e., the 

companies, products, and processes used, were compared. 

1.5 Structure of the thesis 

The structure of the thesis is as follows: This first chapter gives an overview about the 

research conducted and its motivation. It also defines the research questions and 

describes the methodology used in the research. The following chapter will describe 

the related research on defect tracking system data as well as the characteristics of 

highly performing testers based on the literature. The third chapter describes the cases 

studied and the findings of each. The fourth chapter will present the results of the 

cross-case analyses. The fifth and final chapter will gather the research together, 

answer the research questions, and provide ideas for future work. 
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2 Literature review 

2.1 Introduction 

This chapter reviews the earlier research that is related to the thesis. The first 

subchapter presents research on defect tracking data. The second subchapter presents 

research on the personality and characteristics of software engineers in general. The 

following two subchapters focus on literature about software testers; first, research on 

testers and then practitioners’ perspectives on the skills and characteristics of software 

testers are presented. The last subchapter summarizes the characteristics of highly 

performing software engineers and testers. 

2.2 Research on defect data 

Defect data from defect tracking systems has long been used to measure, model, and 

predict the quality and reliability of software systems (Jones 1978; Chillarege 

et al. 1991). Such studies have aimed to aid in software process improvement to give a 

picture of how much testing work should be done to achieve the quality level planned 

for the software. This chapter presents two studies where defect data was used to 

improve the software developing processes used in two large organizations. 

In their study, Jalote et al. (2007) analyzed defect tracking data of one Windows 

operating system project in order to improve the software development process used. 

The data included tens of thousands of defect reports. There were four dimensions in 

the analysis: time, component, defect reporter, and technique. The time analysis was 

done per release. Eight releases, from early beta to first service pack, were analyzed. 

The whole data set covered over 250 components of the software, but analysis was 

focused to components with over a thousand reported defects. There were over 50 

such components. Defect reporters were divided into six groups: testing teams of the 

component under test, other testing teams, compatibility testing teams, external 

customers, internal customers, and others. Techniques were divided into eight classes, 

which included broad standard classes like regular testing, reviews and inspections, 

and static code analysis tools, but there were also some classes that were particular to 

the organization. All defects reported by external and internal customers were 

confined to one technique class. 

Jalote et al. (2007) analyzed the data separately on each dimension and on other 

dimensions that correlated to the component dimensions. Most of the defects were 
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found in the early releases. In addition, components with high defect density in the 

early releases had high defect density in later releases. About one-third of the defects 

were reported by techniques classified into the group ‘others’. This group was 

described to include “a host of other minor home-grown methods of detecting defects” 

(Jalote et al. 2007, p. 587). Regular testing found bit over 20 percent of the defects; 

static code analysis tools, a bit over 10 percent; and both reviews and customers, a bit 

under 10 percent of the defects. 

The key contribution of Jalote et al.’s (2007) study, in the context of this study, was 

the idea of analyzing defect data across different dimensions to get information for 

software process improvement. They give high-level examples of their findings on 

one large project, but unfortunately do not describe them in detail. The “who” part of 

the analysis is limited to the types of testing teams and fails to describe the 

backgrounds of the individual testers or even teams. Moreover, a large portion of the 

defects are reported as having been found through techniques that are not detailed at 

all. 

2.3 Research on software engineers 

For several decades the importance of personal characteristics and skills of individual 

software engineers to their work performance has been acknowledged (Weinberg 

1998; Shneiderman 1980). Still, there has been very little research on the 

characteristics of programmers or software engineers, how they affect work 

performance, or which characteristics build a highly performing software engineer. 

This chapter presents some of that research. The first subchapter describes studies on 

personality typing of software engineers. The second subchapter presents a study on 

characteristics that could differentiate a highly performing software engineer from 

others. In the third subchapter, studies on the motivation of software engineers are 

presented. Finally, the last subchapter summarizes general ideas on software 

engineers’ performance. 

2.3.1 Personality types of software engineers 

Several kinds of personality models have been developed in psychology. These have 

been also used to analyze the personalities of software engineers. 

In the early 1980s several studies on the personality types of software engineers were 

published (Sitton and Chmelir 1984; Bush and Schkade 1984; Lyons 1985). Similar 
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studies were repeated a few years later (Smith 1989; Capretz 2003). These studies 

mainly described the personality types of software engineers and compared them to 

the general population, finding that software engineers were more homogenous than 

the population in general. 

More recently, the correlation between personality types and other characteristics of 

software engineers has been studied. Acuna et al. (2009) studied correlations between 

personalities, team dynamics, team satisfaction, and software quality in their quasi-

experiment, but there were no strong correlations. Meanwhile, Feldt et al. (2009) 

found some correlations between personality types and work preferences, but 

personality types were not seen as an important factor in predicting work 

performance. Similarly, in Hannay et al.’s (2009) experiment on pair programming 

efficiency, the other studied characteristics, such as expertise and task complixity, had 

more impact upon quality of work performed than did personality types. Also Karn 

and Cowling (2005, 2006) used personality typing in their ethnographic studies on 

student teams in software engineering projects with external customers, but found that 

intra-team communication had more impact on the performance of the teams than did 

personality types. 

In general, it seems that personality types have only very limited correlation to the 

work performance of software engineers. This is in line with Barrick et al.’s (2001) 

second-order meta-analysis of 15 meta-analyses, where the findings reported only 

limited correlation between personality traits and work performance of different 

occupation groups although they did not report software engineering as a separate 

group. 

2.3.2 Characteristics of highly performing software engineers 

Turley and Bieman (1995) performed a two-phase study in order to identify the 

competencies that separated exceptional, or highly performing, software engineers 

from others. The study was conducted in a large software company. In both phases of 

the study, managers were asked to identify the employees they considered 

exceptional. These exceptional employees were then compared to the non-exceptional 

employees under the same managers. The first phase had 20 subjects, who were all 

interviewed and their personalities typed; however there were no significant 

differences between exceptional and non-exceptional subjects, so personality typing 

was omitted in the second phase. From the interview data, competencies or attributes 



11 
 

that contributed to doing a specific job well were collected. In the second phase, 129 

subjects self-ranked 40 competencies they saw in their own work. This ranking was 

done using Q-sort, which depends on normality of data. There were some statistical 

differences between exceptional and non-exceptional software engineers, but any 

simple predictor for performance could not be identified. Exceptional software 

engineers were driven by a sense of mission, had a bias for action, exhibited and 

articulated strong convictions, had a proactive role with management, mastered skills 

and techniques, and helped others. Non-exceptional software engineers, on the other 

hand, were driven by desire to contribute, responded to schedule pressure by 

sacrificing, showed perseverance, sought help from others, and were willing to 

confront others. 

2.3.3 Motivation of software engineers 

Motivation has been seen as an important factor in work performance, in general as 

well as in software engineering. In their systematic literature review, Beecham et al. 

(2008) covered 92 papers on motivation in software engineering. Several of those 

studies showed that motivation is important for software engineers’ work performance 

and that there were several factors that affected motivation. Some of these factors 

were part of the personality or personal characteristics of the software engineer, while 

others were external, like organization, work environment, and culture. 

The most often-cited characteristics of software engineers were: growth orientation; 

i.e., eagerness to learn new skills and meet new challenges; need for independence; 

and low need for social interaction; i.e., introversion. These characteristics and how 

they affect an individual software engineer were seen to be controlled by issues like a 

person’s experience, career status, and overall context as well as the culture where that 

person works. These characteristics were seen to somehow differentiate software 

engineers as a group from the general population. 

The most common motivators cited were: identifying oneself with the task; i.e., 

having clear goals for and personal interest in tasks on hand; participation and 

working with others; and good management. Similarly, poor working environment, 

poor management, and uncompetitive pay were the most frequent demotivators. 

There were very few studies that tried to link motivation directly to productivity or 

quality increase. Those studies that did make the link, however, saw motivation as an 
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enabler of higher productivity. It was mentioned that it is hard to associate motivation 

with the actual output and that this could be reason for the limited research on the 

topic. In this light, the good motivation of software engineers and the characteristics 

that build it could be seen as the characteristics of a highly performing software 

engineer. 

2.3.4 Summary 

The literature shares a common idea that personal characteristics and skills of software 

engineers, as well as their motivation, have something to do with their work 

performance. On the other hand studies have not managed to show a clear correlation 

between personality types and work performance. Studies based on subjective 

opinions of management and software engineers’ personal assessments have identified 

some of the characteristics of a highly performing and motivated software engineers. 

These characteristics are: sense of mission, bias for action, exhibition and 

argumentation of strong convictions, proactive role with management, mastered skills 

and techniques, helping others, eagerness to learn new skills, eagerness to meet new 

challenges, need for independence, and low need for social interaction. 

2.4 Research on software testers 

It is widely accepted that experience helps with technical tasks like testing. Beer and 

Ramler (2008) studied the importance of experience in their multiple-case study, 

which covered three industrial software projects. They identified two kinds of 

experience: experience in testing and experience with the domain of the product. 

Experience in testing was used in general management of the testing and especially in 

automation of the testing. Domain knowledge and experience were used in test case 

design, regression test case selection, and to enhance incomplete requirements and 

specifications in order to test on their basis. 

Martin et al. (2007) did not specifically study testers, but rather testing performed, in 

their ethnographical study of a small start-up software product company. Their study 

focused on the integration and acceptance testing done in the company. The company 

used an applied version of extreme programming (XP) with the customer relationship 

manager in the role of the XP customer, along with automated unit testing and 

partially automated acceptance tests. As the company was still building its product 

and customer base, they had very volatile requirements for the product as features 
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needed by new or emerging customers were seen important to secure the deal. Over 

all, requirements management and acceptance testing were handled without any strict 

processes. Requirements were defined by the senior staff, especially those with more 

contact with the customers, and they were based on the understanding of the customer 

needs they had acquired. Requirements were not defined in detail and they, as well as 

the design and test cases, evolved during implementation. These unorganized work 

practices were not used because of ignorance, but because of the needs seen by the 

situation. The study did not evaluate the quality of the testing performed in detail; it 

found that it was acceptable for the product quality be demonstrated as ‘good enough’. 

Martin et al. (2007) showed that testers in contexts where requirements were 

extremely volatile needed understanding of and experience in the domain and 

techniques that were used to test the product, even to the level of ‘good enough’. High 

performance of the testers also required skills in test automation. 

2.5 Software testers’ skills and characteristics 

Testing literature by the practitioners (Black 2002; Pol et al. 2002) provides ideas 

about what kinds of skills and characteristics are needed for software testers. Usually, 

such works describe a large organization that features a specialized testing 

organization that contains several different roles and corresponding requirements. 

Pol et al. (2002) begin by describing quite common skills needed, like knowing the 

processes and practices used or having the basic ability to use information technology. 

Black (2002) does not mention these, but goes directly to more specific skills, such as 

the ability to interpret the meaning hidden in the documentation and other material at 

hand as well as the ability to write good defect reports. Pol et al. (2002) also mention 

these skill needs, but do not emphasize them as much. 

Both Black (2002) and Pol et al. (2002) express the need for software testers to have 

broad expertise. They must have knowledge of software development, as well as of 

the application domain the product is meant for, and possess testing skills. By testing 

skills, the authors, mean skills to plan testing, develop test cases and data, and execute 

tests efficiently. Knowledge of software development is also needed, both to 

understand where and what kinds of defects can be found, but also to be able to 

discuss the defects with the developers. 



14 
 

On more personal level, Pol et al. (2002) characterize software testers as creative, 

accurate, and strict in their methodical approach. They also say that a special testing 

attitude is essential. Software testers must be motivated in their work. Black (2002) 

describes this attitude in more detail by saying that good software testers are 

professional pessimists who must look for potential defects and have the curiosity to 

keep on finding them. On the other hand, Black says, a good software tester has to 

know what is important now for the overall project and not get carried away with a 

single detail. 

Both Black (2002) and Pol et al. (2002) emphasize the need for communication skills 

in software testers. They have to be able to express themselves clearly in the written 

defect reports. However, they also have to be able to tell the message as it is, and it is 

usually a bad message in the form of found defects. They have to able to defend their 

cause, yet maintain open communications with the developers. 

Pol et al. (2002) describe how, in many organizations, testing is done by non-

specialized software testers alongside their other activities. In these cases, the people 

performing the testing usually lack testing skills, experience, and training. In many 

cases, testing is seen as a job anyone can do. Black (2002), on the other hand, reminds 

us that, at different levels of testing, different kinds of specialists are needed. While 

for low-level unit testing, programming and software development skills are needed, 

high-level acceptance testing or beta testing is probably best done by personnel with 

the most complete picture of what the actual users do with the software. This can be 

customer support, sales, business analysts, or even the users. Black (2002) leaves 

functional testing, meanwhile, as the field of the specialized software testers. 

2.6 Summary 

The first part of this chapter presented some earlier studies on the software 

development process improvement using defect data. All these earlier studies had 

been conducted on a higher level of the general processes and team performance. 

There were not any details given on individual testers’ performance or characteristics. 

The second part of the chapter presented studies on software engineers and characters 

of highly performing software engineers on general. That was followed by a review of 

studies that focused on software testers, and the last subchapter presented ideas from 

practitioners about the important skills and characteristics of testers. Beer and 
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Ramler (2008) had studied the importance of experience in testing and domain 

knowledge on testing. Martin et al. (2007), meanwhile, had conducted an 

ethnographic study on testing processes and practices in a small software product 

start-up. 

This review gives us a picture how the characteristics of highly performing software 

engineers and testers are seen in the literature. This picture is represented as a list of 

traits, skills and other characteristics in Table 1. 

Table 1 Characteristics of Highly Performing Software Engineers and Testers from the Literature Review 

Characteristic Software 

Engineers 

Testers 

in Research 

Literature 

Testers 

in Practitioners’ 

Literature 

Experience in technical skills I III, IV V, VI 

Experience in the domain  III, IV V, VI 

Has a sense of mission  I, II  V, VI 

Ability to express own opinion I  V, VI 

Keeping the big picture I  V 

Proactive role with management I, II   

Good communication skills   V, VI 

Reading hidden meanings from the documentation   V, VI 

Writes good defect reports   V, VI 

Creative   VI 

Accurate   VI 

Methodological approach   VI 

Helps others I   

I   = Turley and Bieman (1995) 

II  = Beecham et al. (2008) 

III = Beer and Ramler( 2008) 

IV = Martin et al. (2007) 

V  = Black (2002) 

VI = Pol et al. (2002) 
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3 Cases 

3.1 Overview of the cases 

The study was formed as an embedded case study with three units of analysis, which 

are called cases A, B and C. All the case companies are Finnish software product 

companies with both domestic and foreign customers. Customers of the products are 

companies in engineering and industry, and the products users are domain experts. 

Case selection was based on accessibility: there were ready contacts to these 

companies, and the companies were willing to take part to the study. 

In order to keep the research scope limited to a manageable amount of research work, 

some of the cases were limited to contain only part of the companies’ products or 

product lines. Case C, for example, covers only the products produced by one of two 

product line departments within the company, while Case B covers two products, with 

a shared defect tracking database, of one of the divisions of the larger company. 

Information about the case companies and the cases is summarized in Table 2. 

Table 2 Summary of the Case Companies and Cases 

Case Products covered Covered part 

of the company 

Employees 

covered 

Employees 

in the company 

Testing performed 

mainly by 

A all whole company over 110 over 110 testing team, 

project engineers 

B two of one division one division over 60 over 400 software developers, 

product management 

C one product line one product line 

department 

about 70 over 100 the product line 

department 

 

3.2 Case A 

3.2.1 Description of Case A 

The company in Case A has almost 20 years of experience with its main product, 

which is business support software for a specific industry. The product is integrated 

directly with the customers’ other business systems and has lots of customization 

opportunities, which have to be taken care of during installation. 

The company has over 110 employees. Software development organization in the 

company consists of several technology specialist teams and has a separate testing 

team. There are also several project engineers for customer support, installations, and 

customization. In addition, there are also marketing, sales, and administration 

functions and some consultants. 
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Organized testing takes place in two different forms. First, the testing team within the 

software development performs system and regression testing once a month for the 

main version of the product. Another form of testing takes place in the customer 

projects, which test the installation against the customer requirements. If there are new 

features developed in a customer project, the project team tests them as part of the 

acceptance testing during the project installation. These new features are later 

imported into the main product line. 

The organization’s current testing team has been in place for about two-and-a-half 

years. Most of the testing team members have been recruited during this period, but 

there are also a couple of members who have long – over ten years’ – experience in 

the company as either programmers, software analysts, or project engineers, but not as 

testers. There had been a testing organization several years earlier in the company, but 

that had broken apart when some of the testers left the company and others were 

transformed to project engineers. Programmers, software analysts, and testers 

typically have a degree in computer science. 

Project engineers in the company are mostly hired directly after graduation. Most of 

them have engineering degrees in the customers’ domain. Their work experience in 

the company varies greatly, as some have been just hired and some have been there 

since the founding of the company twenty years ago. 

The company in Case A changed their defect tracking system during the summer of 

2008. All non-closed defects from the earlier system were imported as a batch to the 

new system and, after that, the new system has been their only system for defect 

tracking. Because the company practices changed simultaneously with the system, the 

defect data analysis was limited to cover only about six months’ worth of data from 

the new system. 

3.2.2 Findings of the DDB analysis in Case A 

The defect database data from Case A consisted of 1718 defect reports over 6 months 

(see Table 3 and Figure 2). Out of these 443 were based on customer reports, most of 

which had come through an automated reporting system, and about one-fourth 

reported by the company’s own employees. All of the customer-based reports were 

omitted from the analysis as the defects were not discovered through in-house testing. 

It could be possible that some of the defects in the analysis are also based on customer 
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reports, but coded in the database so that an outside researcher could not detect them 

as such. All other issues in the tracking system data, such as feature requests, were 

omitted. It is also possible that some feature requests could have been erroneously 

reported as defects by some of the reporters. 

Table 3 Reported Defects in Case A by Reporter Groups 

Reporter Group Defects Reporters Average Std dev Median 

project engineers 429 22 19.5 20.9 15 

testing team 384 10 38.4 28.1 34 

software developers 134 22 6.1 6.8 3 

other & unknown 328 28 11.7 14.7 4 

Total Internal 1275 82 15.5 19.6 5 

customer reports 443 .. .. .. .. 

Total 1718 .. .. .. .. 

 Std dev = Standard deviation   

 

The 1275 defects reported by company employees were analyzed by their resolution 

status, reported criticality and by the job description of the reporter. Defect reporters 

were divided into four groups: testing team, project engineers, software developers, 

and others. The group ‘others’ includes sales, customer support, higher management, 

consultants, and those whose role was unknown. 

The data included, in total, 82 internal defect reporters, with a median of 5 reported 

defects per person (Table 3). While the top reporter had reported 80 defects, there 

were twelve who had reported only one defect. Eleven top reporters reported more 

than half of the defects. Out of those top eleven, five were part of the testing team, 

four were project engineers, and two were from the group of others; namely, a 

customer support engineer and a consultant. 
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Table 4 Reported Defect Severities and Statuses in Case A by Reporter Groups 

  

Defects Proportions by Priority Status 

Open 

Proportions of Non-Open Defects 

by Resolution 

Reporter 

Group 

Extra 

hot 

Hot Normal Fixed No fix Duplicate Cannot 

reproduce 

Project 

engineers 
429 16 % 38 % 46 % 16 % 86 % 10 % 0 % 4 % 

Testing team 384 4 % 25 % 71 % 23 % 78 % 14 % 3 % 5 % 

Software 

developers 
134 10 % 11 % 79 % 18 % 95 % 4 % 1 % 1 % 

Other or 

unknown 
328 7 % 36 % 57 % 18 % 85 % 5 % 2 % 8 % 

Total 1275 9 % 31 % 60 % 19 % 84 % 9 % 2 % 5 % 

 
 

 
Figure 2 Cumulative Numbers of Defects in Case A by Reporter Groups 

The testing team reported more defects during the summer than the other groups, but 

in the fall their reporting rate as a group diminished as some summer workers left the 

company or transitioned to part-time workers. The group ‘other’s’ defect reporting 

rate rose during the fall, especially in October. The project engineer group’s reporting 
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rate was quite steady from the start of August (Figure 2) until the end of the analyzed 

period. As a group project engineers, who work in close cooperation with the 

customers, used the higher priority values, ‘extra hot’ and ‘hot’, much more frequently 

than the other groups. Defects reported by the testing team were more frequently in 

open status without resolution, and it was also more common for their defects to have 

a resolution decision of ‘no-fix’ (Table 4). 

When examined on an individual level, the groups had quite a lot of variance within 

them. Some people reported much more and different kinds of defects than other 

people in the same group. 

Two top reporters among the testing team are both peculiar examples (see Table 5). 

Tester A had worked only a short time in the company during the summer, but 

managed to report in that time more defects than anyone else in the testing team. 

Meanwhile, Tester B has been working only part time and had been recruited in the 

beginning of the summer. Therefore, both testers had had only a short amount of 

experience with the company when the data gathering started. Additionally, they both 

utilized priority fields differently than the most of the testing team. Tester A utilized 

the default value, ‘normal’, almost exclusively, while Tester B utilized the priority 

value ‘hot’ more than anyone else in the testing team. When the resolutions of the 

reported defects were examined, it was noticed that Tester A had, first of all, reported 

a large amount of duplicates; but also, over one-quarter of the defects reported by him 

had been coded with a resolution value of ‘no-fix’, which means that the incidents 

were either not defects at all, or they had been thought as too insignificant to be fixed. 

Tester C also had 24% of his defects coded with a resolution value ‘no-fix’. Another 

employee, Tester H, was unique with a very high proportion, 53%, of his defects 

coded with the highest priority value of ‘extra hot’. Most of the defects reported by 

him had also been fixed, and only 6% were open. 
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Table 5 Reported Defect Severities and Statuses in Case A by the Testing Team 

  Defects Proportions by Priority Status 

Open 

Proportions of Non-Open Defects by Resolution 

Tester 

Extra 

hot 

Hot Normal Fixed No fix Duplicate Cannot 

reproduce 

A* 74 4 % 1 % 95 % 12 % 62 % 26 % 12 % 0 % 

B** 73 0 % 56 % 44 % 15 % 87 % 6 % 2 % 5 % 

C 70 0 % 29 % 71 % 36 % 71 % 24 % 0 % 4 % 

D 51 0 % 27 % 73 % 33 % 85 % 6 % 0 % 9 % 

E 50 2 % 16 % 82 % 30 % 89 % 9 % 0 % 3 % 

F 18 0 % 22 % 78 % 22 % 64 % 14 % 0 % 21 % 

G* 17 18 % 18 % 65 % 18 % 71 % 14 % 0 % 14 % 

H 17 53 % 18 % 29 % 6 % 94 % 0 % 0 % 6 % 

I 12 8 % 17 % 75 % 42 % 100 % 0 % 0 % 0 % 

J* 2 0 % 0 % 100 % 0 % 50 % 50 % 0 % 0 % 

Total 384 2 % 25 % 72 % 23 % 78 % 14 % 3 % 5 % 

* resigned, only partial time series 

** working part time 

 

Project engineers, as a group, were more uniform in what it comes to the distribution 

of priority and resolution fields values (Table 6). However, the number of defects 

reported varies a lot. Project engineer K had reported the greatest number of defects of 

all defect reporters in the company, 80 defects in total, while the median among the 

project engineers was 15 reported defects. The top two defect reporters among the 

project engineers vary from the group. Project engineer K used priority value ‘hot’ a 

lot more than was common, and Project engineer L did not use the priority value 

‘extra hot’ at all. Defects reported by Project engineer K were bit more likely to be 

fixed than generally, meanwhile, while defects reported by Project engineer L did not 

vary that much from the other project engineer reporters. 

Table 6 Reported Defect Severities and Statuses in Case A by the Project Engineers 

  Defects Proportions by Priority Status 

Open 

Proportions of Non-Open Defects by Resolution 

PE 

Extra 

hot 

Hot Normal Fixed No fix Duplicate Cannot 

reproduce 

K 80 21 % 59 % 20 % 13 % 90 % 7 % 0 % 3 % 

L 55 0 % 29 % 71 % 27 % 80 % 15 % 0 % 5 % 

M 48 13 % 21 % 67 % 19 % 97 % 3 % 0 % 0 % 

N 48 23 % 35 % 42 % 8 % 89 % 7 % 0 % 5 % 

others 198 17 % 38 % 45 % 15 % 82 % 13 % 1 % 5 % 

Total 429 16 % 38 % 46 % 16 % 86 % 10 % 0 % 4 % 
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3.2.3 Findings from the interviews 

Differences in reporting  

At first there were some differences in how individual users understood the new 

defect tracking system and how it should be used, but those problems and differences 

are now mostly resolved. Either people noticed and corrected their usage themselves, 

or they were told to follow company policy. Some information about defect reporters, 

etc., was lost in the migration from the old system. Any missing or incorrect 

information from the migration was corrected, when noticed, if needed. 

Problems in the configuration of the product in specific installations are not 

considered defects and are not supposed to be reported into the defect tracking system. 

In some cases it is difficult to tell if a fault is a configuration issue or a defect in the 

product. In those cases, testers or customer support consult software developers and 

the problem is resolved in cooperation. This may lead to different decisions on who 

will report the possible defect. In any case, the communication need has been solved, 

as the developer already knows about the issue and can solve it. On the other hand, he 

needs a report in the defect tracking system, because it is also used to report working 

time. In some cases, the configuration problems are also reported into the defect 

tracking system as defects so that the software developers can report the time they 

have devoted to solving them. 

Software developers do not usually report defects they find, because they are expected 

to fix them straight away, at least from their own code. There is no clear standard 

procedure regarding what to do if developers find a defect in another module or in an 

interface. In some cases they may report it as a defect, or they may ask assistance from 

the testing team or someone else. 

If there has been a feature request in the tracking system, and a defect is found during 

the verification of the feature implementation, there are different ways to report that 

defect. In some cases, the feature request is just reopened and reassigned to the 

appropriate developer. In other cases, the feature is closed, but a new defect type issue 

is opened in the tracking system. The latter option is more common if several defects 

are found during the feature verification. 

Customer contracts set up schedules for the projects, which commonly leads to 

resource and timing problems and competition between the projects. This has 
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previously led to over-estimates in the criticalities of the defects found in the projects 

in order to get more resources allocated for the project. Lately this has been 

monitored, and it is believed that the practice has decreased, although some 

interviewees told us that there could be same kind of over-estimation taking place 

with the work amount estimates of the defect reports or that some projects could 

report more minor defects than others in order to get more resources. 

The defect tracking system has default values for most fields, like severity and 

criticality. Those values seem to be overrepresented in the database. Some people 

were differentiated by their usage of values in these fields. It is not known why this 

was the case. 

In cases where the software developers and testers had worked long-term in the same 

project context, it was seen that it would not be as important to write highly detailed 

defect reports as in the usual cases. The shared context was seen as part of 

communication and, in this way, the defect reporting workload could be decreased. 

Characteristics of the highly performing testers 

All the interviewees from the Case A told the researchers that it is important to know 

the product well to be an efficient tester. This knowledge was seen in two ways; both 

as ability to use the product, but also as knowledge of what kind of defects and 

problems have occurred earlier. Product knowledge was also seen as an important tool 

to differentiate configuration problems from software defects. It was also seen that if, 

everyone in the testing team knows the product well, the testcases can be written in a 

less-detailed manner. 

Most interviewees thought that a highly performing tester should know the customer 

processes and use cases well, although one of the respondents said that the very best 

testers would test anything, even without good knowledge of customer processes and 

domain. Furthermore, knowledge of how the product was implemented was seen as 

important by most of the interviewees. 

Other characteristics of a highly performing tester mentioned were thoroughness, 

carefulness, and the ability to see beyond the details. Keeping to simple solutions and 

maintaining a positive attitude toward testing were also seen as important properties. 

It was also thought that highly performing testers find more fatal defects. One 

interviewee with project experience, however, did not believe that specialized testers 
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in the projects could be motivated and occupied enough in order to be able to work 

effectively. 

3.2.4 Comparison of the interview data and the defect database data 

Most of the interviewees emphasized the importance of knowledge of customer 

processes and experience with the product for effective testers. Still, some of the most 

active defect reporters had very limited work experience both in the domain field and 

with the product. There were differences in how and what kinds of defects they 

reported. However, there was an interviewee from the testing team who thought that a 

professional tester could test anything regardless of exact product or domain 

experience. 

The numbers of defects reported per person varied widely. The analysis lacked the 

information on working time used for testing per person. Within the testing team, this 

should not be a big issue, even as some of them do work part-time on individual 

projects; but, for project engineers and other personnel, this can be a very important 

issue. Because of this lack of data, analysis about efficiency could not be performed. 

There have been quite clear processes for testing established in the case company, but 

the actual practices between individuals vary somewhat. This can be more common 

among the project engineers, who seem to have less education, training, and 

experience in software testing than the members of the testing team. Individual 

experience, skills, and practices used may play an important role in the differences 

among the defect reporting rates of individual reporters. 

There were some mentions about the importance of personal attitude and motivation 

to the efficiency of testing. An interviewee from the project organization thought that 

a pure testing position within the project organization would not be interesting to 

anyone, as there sometimes would not be enough work to do and pure testing is not 

that appealing. On the other hand, the testing team was seen to be lagging behind the 

development schedule, as their tasks took too much time and they were also needed in 

the projects for testing purposes. 

3.2.5 Summary of the Case A 

There were differences in how the need for domain knowledge and experience was 

seen in the organization. Altough the defect tracking database data showed that 

experience was not necessary for finding and reporting defects, it probably did affect 
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how people interpreted the test case descriptions and other documentation, which then 

would influence the validity of the defect reports. 

Exact differences between individual working time distribution, experience, skills, 

motivation, and practices used – and their effect upon the defect reporting rate – could 

not be distinguished in this analysis. It seemed that all of the foregoing affected the 

number of defects reported by individual employees. In addition, the differences in the 

testing performed by the testing team and by the project engineers seemed to affect 

which kinds of defects they reported. It was reported that part of the difference had 

been because of the competition over resources among projects, but it was not clear 

whether that situation had already been resolved. It seemed that some defect reports 

were made to look more important than they would have been in an objective analysis. 

This problem had been noticed before; therefore, it is probable that the organization 

will be able to monitor for it in the future. 

3.3 Case B 

3.3.1 Description of Case B 

Case B is a division of a larger company with about 60 employees and two products 

for engineering in different fields. The products share a common technological core 

and software architecture. The company has decades of experience in producing 

software products for different fields of engineering, including these products’ 

domains. 

The division has three sections: the first is product management, which controls the 

requirements of the products. The second section is the software development. The 

third part, which is the largest, is customer support and consultation. Employees 

typically have long careers with the company. Most of the product management, 

customer support, and consultation personnel have engineering degrees in the domain 

of the customers. The software developers have degrees in computer science, software 

engineering, or in engineering in fields specific to the product domain. 

Beginning in 2006, the case company changed from one main release to two main 

releases per year. In addition to those main releases, there are several maintenance 

releases during the year. Every release is a separate project with a defined testing 

period at the end that is reserved for testing and bug fixing. Two kinds of testing are 

performed during the testing period: system testing and regression testing. 
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Test case-based system testing is meant to cover all the new or changed functionality 

produced during the project. System test cases are designed by the same software 

developers who design and implement the functionality during the project. System 

testing is arranged so that all the cases are run by different persons than those who 

designed them. The objective is to have as many test cases as possible to run by 

personnel who interface with the customer, either from customer support and 

consultation or from product management. However, they are usually too busy with 

other tasks to perform the testing, so most of the test cases wind up being run by the 

software developers. 

Product management is also expected to perform ad hoc regression testing during the 

testing period in order to ensure that all the old functionality remains intact after the 

development. The amount of work invested into this testing varies. Typically, product 

management starts regression and acceptance testing when they know which 

customers are affected and when they will put the new version into use. This can also 

take place after the testing period, which leads to problems with fixing the bugs found 

during the testing. 

Case B has used same defect tracking system for both its products for almost ten 

years. Initially, they had had different databases for both products, but in 2005 the 

databases were merged by importing the smaller product’s defect information into the 

database of the larger product. Before this, there had been some differences between 

the fields used in the two respective databases, but the fields were harmonized during 

the consolidation. The usage of the fields has been under constant improvement, both 

before and after this merge, as have also been all the testing and other practices in the 

company. The overall analysis of the defect data was performed on all the data 

available with a focus on the years 2006–2008, because during those years the 

database had been utilized in a similar manner, with two releases per year and 

including the date for both products. A separate analysis was focused on the latest full 

year – 2008 – of data. 

3.3.2 Findings of the DDB analysis of Case B 

The defect tracking database consists defect reports from both inside of the company 

and from the customers. Reports from the customers are screened by the company’s 

employees and marked in the database as customer reports. During prior years, this 

classification was not always used; but for the years 2006–2008, every defect has been 
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clearly marked either as internally found or as a customer report. Because the goal of 

this study was to find highly performing testers in the case companies, this analysis 

included only the internally found defects. 

During the years 2006–2008 there were, in total, 49 defect reporters, who had reported 

defects found internally. The most stable group was software development, which 

consisted of the same eleven persons every year. Product management was also very 

stable, with only two new persons during the last year in addition to the four who have 

reported defects every year. The customer support and consultation group had 18 

persons in total over the same period, with 11 to 14 of them reporting defects each 

year. Finally, the group ‘others’, which included personnel from the management, 

sales, and other divisions as well as a couple of employees whose exact role could not 

be determined, had some changes from year to year: there were 14 persons in total; 

out of them, eight or nine reported defects each year. 

The proportions of defects reported per reporting group during these three years had 

been consistently quite similar. The software developers reported almost half of the 

defects, while product management reported about one-fourth and customer support 

one-fifth of the defects (Figure 3). 

 

Figure 3 Numbers and Proportions of Defects by Reporter Group and Reporting Year in Case B 

The number of defects reported per person varies significantly between the groups. 

Both software development and product management had only a few people staffing 

them, and almost all of them have reported defects. Since these groups report most of 

the defects, that means, on average, the highest number of defects per person. Median 



28 
 

of defects reported per software developer varied from 28 to 42 during the years 

2006–2008 and median per product management person from 22.5 to 32.5, while the 

overall median was from 8 to 18 (Table 7). In 2008, the top eight reporters of the 

overall 39 reported over half of the all defects. It has to be noted that one person from 

the product management group has reported most of the defects by that group, almost 

78% in 2006 and approximately 51% in 2008 (Table 7 and Table 8). This same person 

had reported the greatest number of defects every year and is the author of a very 

important part of one of the products, takes part in the software development, and 

fixes most of the defects he finds himself. In 2008, the median of the defects reported 

per person in the group ‘others’ increased from very low numbers in 2006 and 2007 to 

nearly equal the median of all reporters (Table 7). There were two reasons for this 

increase: first, there were fewer reporters with only one or two defects; secondly, there 

were two new defect reporters who reported 18 and 15 defects each. 

Table 7 Reported Defects in Case B by Reporter Groups 

 2006 2007 2008 

Reporter Group Def 

(Rep) 

Avg Std 

dev 

Med Def 

(Rep) 

Avg Std 

dev 

Med Def 

(Rep) 

Avg Std 

dev 

Med 

Software 

  development 

402 

(11) 

36.5 28.9 28 472 

(11) 

42.9 26.1 42 430 

(11) 

39.1 24.9 39 

Product 

  management 

205 

(4) 

51.3 73.0 22.5 230 

(4) 

57.5 69.9 32.5 260 

(6) 

43.3 48.4 32 

PM other than 

   PM 1 

46 

(3) 

15.3 16.3 12 70 

(3) 

23.3 18.0 24 128 

(5) 

25.6 23.9 24 

Customer 

  support 

178 

(11) 

16.2 21.4 4 167 

(13) 

12.8 16.0 2 162 

(14) 

11.6 11.8 7 

Other 93 

(9) 

10.3 21.0 2 71 

(8) 

8.9 11.9 3.5 128 

(8) 

16.0 16.4 16 

Total 878 

(35) 

25.1 34.1 8 940 

(36) 

26.1 32.6 18 980 

(39) 

25.1 27.6 18 

 Def = number of defects Avg = average number of defects per reporter 

 Rep = number of reporters Std dev = standard deviation 

 PM = product management Med = median of defects per reporter 
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Figure 4 Cumulative Numbers of Defects Reported in Case B by Reporter Groups 

The two main releases per year can be seen very clearly in the time series graph in 

Figure 4. From the graph it can also be seen that the software developers reported 

most of the defects found during the testing phases of the release projects. Similar 

steps can also be seen in the group ‘others’, but in much smaller amounts. Customer 

support and consultation personnel reported defects much more frequenty. Product 

management’s participation during the release projects’ testing phases can clearly be 

seen in only a few releases (Figure 4). 

When examined at an individual level the defect tracking database data shows 

variances within the groups used in the analysis. Defect reporting rate varies widely 

within each group. The few top reporters reported a great number more defects than 

the others. Most of the top reporters reported a greater proportion of their defects 

during the system testing phase of the releases than the reporters in general. In 

particular, the top reporters within the software development group reported 78 to 96 
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percent of their defects during system testing, while the other software developers 

reported only 59% (Table 8). 

Defect priorities were not used for defects found and fixed during the system testing 

phase. For other defects, there was a classification system with seven categories. 

Because only one-third of the all defects are classified with this system, they were not 

analyzed in detail. Only the proportions of defects in the highest class, ‘fatal’, and the 

lowest class, ‘low’, were analyzed. These extreme classes were generally used only 

for a few defects. The product management person, who reported the second-most 

defects in the group (PM 2 in Table 8, below), was an exception. PM 2 reported over 

half of the defects outside of system testing; and, out of those, 14% were classified as 

‘fatal’. The ‘fatal’ defects reported by PM2 made up about one-third of all defects 

classified as ‘fatal’ during the year 2008. 

There is some variation in how large a proportion of the defects were in the ‘open’ 

status as of the data extraction date. The data extraction took place in early January 

2009, so there is a bias and those who have reported more defects in December 2008 a 

have larger proportion of defects in the ‘open’ status. 

Overall, only 6 percent of the defects reported during the year 2008, and which were 

in closed status, were closed with value ‘not a bug’; i.e., were considered to be 

erroneously reported as defects. There were few individuals among those who 

reported a larger amount of defects, whose defects got this classification. It is notable 

that product management personnel, who reported fewer defects (row “PM other” in 

Table 8), had 21 percent of their closed defect reports considered as erroneously 

reported. The defect reporters from the group customer support and consultation, 

meanwhile, had smallest proportion of their closed defect reports classified as ‘not a 

bug’; i.e., only 2% (Table 8). 
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Table 8 Proportions of Reported Defect Priorities and Statuses in Case B by Top Third of Reporters, 2008 

ID Defects Found in 

System 

Testing 

Priority of Defects Not Found 

in System Testing 

Status 

Open 

Closed: Not 

a Bug 

Fatal other Low 

PM 1 132 70 % 0 % 100 % 0 % 14 % 2 % 

SWD 1 83 81 % 6 % 88 % 6 % 10 % 3 % 

SWD 2 68 96 % 33 % 67 % 0 % 19 % 6 % 

SWD 3 61 82 % 0 % 55 % 45 % 30 % 17 % 

PM 2 58 47 % 16 % 84 % 0 % 34 % 5 % 

SWD 4 51 92 % 0 % 100 % 0 % 14 % 5 % 

OTH 1 50 66 % 6 % 88 % 6 % 42 % 7 % 

SWD 5 45 78 % 0 % 100 % 0 % 0 % 0 % 

PM 3 40 0 % 0 % 100 % 0 % 25 % 10 % 

SWD 6 39 82 % 14 % 71 % 14 % 18 % 3 % 

CUST 1 32 56 % 0 % 100 % 0 % 9 % 0 % 

CUST 2 32 25 % 0 % 100 % 0 % 34 % 5 % 

CUST 3 29 0 % 0 % 100 % 0 % 10 % 4 % 

SWD other 83 59 % 0 % 94 % 6 % 8 % 3 % 

PM other 30 73 % 0 % 100 % 0 % 30 % 21 % 

CUST other 69 33 % 7 % 91 % 2 % 19 % 2 % 

OTH other 78 65 % 7 % 85 % 7 % 23 % 15 % 

SWD total 430 80 % 4 % 86 % 11 % 14 % 5 % 

PM total 260 54 % 4 % 96 % 0 % 22 % 7 % 

CUST total 162 30 % 3 % 96 % 1 % 19 % 2 % 

OTH total 128 66 % 7 % 86 % 7 % 30 % 12 % 

Total 980 63 % 4 % 93 % 4 % 19 % 6 % 

SWD = Software development CUST = Customer support 

PM = Product management OTH = the group others 

 

3.3.3 Findings from the interviews 

Differences in reporting  

Before the current defect tracking database, there was not any established method for 

defect tracking in use within the company. Defects were tracked with different kinds 

of spreadsheet applications and files. Adoption of the use of the defect tracking system 

and harmonizing its usage has been a long process that has taken years. For several 

years, there were different kinds of practices utilized that reported defects and change 

requests directly to the developers, thus bypassing the system. Nowadays these 

practices are no longer in use; it is now common practice among the developers to 

turn such requests down and tell the requester to use the defect tracking system. 

Developers only fix defects that are entered into the system. 
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During the main release projects, the developers commonly fix any defects they find 

themselves without reporting them. Even if they pass them to another developer for 

fixing the defects are commonly not reported into the defect tracking system. On the 

other hand, during maintenance release projects it is more common to report the 

defects found without fixing them immediately and leave them for the future with a 

priority classification. 

The common finding in the company has been that new employees do not generally 

know the products well and cannot, every time, correctly decide whether some issue 

they have found is a defect or a feature that is working as designed. New employees 

are encouraged to report every issue they think may be a defect, and then learn from 

the feedback. This will naturally lead to over-reporting, but will save the company 

from unreported real defects. 

Contradictory to the usage pattern promoted for the new employees, some of the 

interviewed developers told the researchers that it is better not to report small 

irrelevant defects, which will probably ever get to be fixed. They thought that the 

extra issues in the system encumbered its effectiveness, making it harder to find 

duplicates and earlier reports of the same defect. Still other interviewees told the 

researchers that small defects caused by careless development are reportable. Also, 

usability problems are commonly not reported, if they do not prevent the use of the 

feature. Generally, it seemed that the definition of “negligible defect” is not standard 

across all defect reporters. 

Some of the more complicated reports from the customers were reported by different 

persons depending on the case. In some cases it was the customer support or helpdesk 

representative who made the report. In some cases it was the developer, whose 

specialist opinion of whether the issue was a defect or not was asked, who reported the 

defect. In any case, all of these are marked as “customer reported issues” by a simple, 

specific field, so that they can be separated from the issues found during testing within 

the company. 

Characteristics of the highly performing testers 

All interviewees thought that in order to be a highly performing tester, one should 

know the customers’ processes and how the product is used by actual users. It was 

seen that the employees in customer service and product management should have the 
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best knowledge of this because of their contact with the customers. It was also seen 

that these persons tended to find different kinds of defects than the software 

developers, who now carried out most of the testing during the projects. On the other 

hand, it was thought that the developers had important knowledge about the actual 

implementation and could use that effectively in testing by employing suitable limit 

values and incorrect input values. Most of the interviewees also noted that it is 

important to know the product well and that it is not worthwhile to assign new 

employees to perform acceptance testing. 

On more personal level, all of the interviewees reported that a highly performing tester 

had to be thorough, persistent, and motivated to test. Testing, as such, was generally 

seen as a boring, uncreative activity that had to be done.Nevertheless, a highly 

performing tester was believed to have a positive attitude towards testing and, 

therefore, able to handle testing well and find defects better than others. 

Other important characteristics mentioned were rigorousness, ability to see the 

product as whole, courage to admit when there were better testers available for a 

feature, and courage to give one’s own opinion. Persons who had more experience 

with the customer contact also emphasized the awareness of the impact of a defect 

upon the customer’s operation. 

It was seen as a problem that there was not enough time reserved for the acceptance 

testing. Those persons who were seen as best qualified to do that are very busy with 

other tasks. It looked like most of the acceptance testing is done in a cursory fashion 

during the testing period. Product management and customer support personnel were 

thought to find more defects when they finally started to prepare training material, 

etc., which could have taken place after the release of the product version. 

3.3.4 Comparison of the interview data and the defect database data 

It is clear from both the interviews and the defect tracking database data that the 

software developers perform the lion’s share of the testing in Case B. They design as 

well as run the test cases used in the system testing, and report a greater number of 

defects during system testing. The proportion of defects reported by other employees 

is smaller even though software developers commonly do not report defects that they 

have found during development and have fixed immediately. The customer support 

and consultation group reported only 30% of their defects during system testing and 
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their defect reporting rate had been a quite linear, which is quite clear indication that 

they do not take part in the system testing as much as the product management or 

especially the software developer, but instead use or test the product more 

continuously, which leads to continuous reporting of defects. 

Interviewees emphasized the importance of knowledge about customer processes and 

how the actual users utilize the products. It was commonly seen that the persons 

working with the customer interface, namely customer support personnel and 

consultants, would be the best testers because of their knowledge of customer 

processes and use cases. It can be seen from the defect tracking database data that the 

personnel in the group customer support and consultation reported only about one-

fifth of all defects. It was also reported by the interviewees that customer support, 

consultants, and product management have insufficient time assigned to the testing of 

the product, which naturally would lead to an inaccurately small number of defects 

reported. This analysis lacked information as to how much time was used for the 

testing; therefore, the actual effectiveness of the groups’ testing cannot be compared. 

It was not believed that new employees could be effective in testing soon after joining 

the company; at minimum, they should have demonstrated their competence in using 

the product before being assigned any testing tasks. As most of the personnel in the 

company, especially in the software development, have long careers in the company 

and extensive experience with the product, it was not possible to reflect this against 

the defect tracking database data. 

3.3.5 Summary of Case B 

There is a contradiction between the actual distribution of testing workload and the 

presumed testing abilities of personnel groups in Case B. It was presumed that the 

personnel who had the most contact with the customer would be the best testers as 

they are most familiar with the customer processes and use cases. In actuality, most of 

the testing is performed by the software developers, who both implement and test new 

features based on the specifications and requirement documentation. 

In addition to the customer side knowledge, implementation experience was also seen 

as an important part of testing. With knowledge about the limit values, data types and 

other implementation details, it is easier to test the product’s limits and test its 

performance in exceptional situations. 
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There were differences between the numbers of defects reported by individuals in 

seemingly similar positions within all of the employee groups used in the analysis. 

Those differences could be because of variation in skills, knowledge, motivation, or 

personalities among the people testing the system, as well as in the actual workload 

they are carrying and in how much time they can allocate for testing. 

3.4 Case C 

3.4.1 Description of Case C 

The company in Case C has a little over 100 employees, including five small branch 

offices abroad for customer support and marketing. The company has two main 

product lines for engineering design. There are two separate departments for each 

product line’s development, customer support and sales, with about 25 to 30 

employees in each department. These departments develop and test the products’ user 

interface components. In addition to these departments there is a third department that 

develops and tests the core software technology that is common to all of the 

company’s products. 

The company has decades of experience in its products’ domain. Most of the 

personnel of the product line departments have degrees and work experience in the 

domain. The software developers in the core technology department have more 

education in computer science and similar fields. 

The case study focuses on one of the engineering product line departments, with a 

staff of about 25 persons. They have two releases of the main product per year. The 

first release is a main release with new functionality; the other is a maintenance 

release that focuses more on bug fixes. The customers are aware of the general 

schedule of two releases per year, but the exact release dates are not revealed until 

very close to the finish. This is because the releases have had a tendency to drag on 

and the company wants to keep promises they have made to the customers. 

There are two kinds of testing of the product performed by the product line 

department: testing of new or changed functionality and regression-type acceptance 

testing. The product developers also test the interfaces of the core technology modules 

while developing the functionalities that use them. The core technology department 

has its own testing practices for unit and functionality testing of the core technology 

modules. 
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The product line department has a quality manager who is responsible for the overall 

quality of the product and managing the testing of the new or fixed functionality per 

release. Although there are no specialized testers, the quality manager has permission 

to use any of the department’s personnel, including himself, as testers as needed 

according to their experience and knowledge. During previous years, this testing of 

the new features has been done at the very end of the releases, but starting in the 

summer of 2008 the process was changed so that the features are tested as soon as 

possible after they have been completed. Test cases for the testing of the new 

functionality are based on the requirements and implementation specifications. The 

test cases do not have detailed execution steps. Instead, they focus more on what kind 

of task the user would be performing and the actual implementation is left to the 

actual tester. The product has a user interface that quite open, which provides different 

ways to perform the same tasks. For an important function there can be several test 

cases, which are given to different persons to run in order to have different kinds of 

workflows tested. 

Regression testing responsibility of the product is divided among all department 

personnel. Product and account managers have larger parts or sub-products under their 

responsibility, while the product developers have smaller portions of the functionality. 

By the end of the release, everyone should have covered the part of the product that is 

under his or her responsibility and tested it to ensure that everything works as planned. 

Part of each employee’s responsibility also includes building test scripts for automated 

regression testing of their part of the software. These so called standard tests are run 

by the quality manager at least once per release. Since September 2008, these standard 

tests have been run approximately twice per month. 

The company in Case C has used same defect tracking system for all of their products 

for more than five years. All data concerning the case department’s product was 

analyzed in the overall analysis. More focus was given to the last whole year of data; 

i.e., 2008. This selection was made because of the changes made to the testing 

processes during that year and because the most recent data was considered more 

relevant as the processes and practices change over the years, and also because people 

change positions and new employees arrive while others leave the company.  
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3.4.2 Findings of the DDB analysis 

The defect tracking data in Case C consisted of 5491 defect reports and covered five 

full calendar years and two months. During that time, 67 persons had reported defects. 

For this analysis, the reporters were divided into four groups: product developers, 

product management, the core technology department, and others. The group ‘others’ 

includes persons from sales, marketing, foreign branches, and other product 

departments as well as persons whose exact position could not be specified. Product 

developers reported the greatest number of defects, both as an absolute number and 

per person (see Table 9). The median defects reported per person were 30 defects, 

while all product developers who had reported any defects had reported at least 70 

defects and their median was 230 defects. The product management personnel also 

reported lots of defects per person, with a median of 112 defects. However, there were 

also persons in product management who reported very few defects. In 2008 the top 8 

reporters reported over half of the defects reported. The group ‘others’ used the 

severity classes ‘Fatal’ and ‘High’ more than the other groups. Personnel in the core 

technology department used severity ‘Medium’ more that the other groups (Figure 5, 

below). 

Table 9 Reported Defects in Case C by Reporter Groups 

Reporter 

Group 

All data Year 2008 

Def Rep Avg Std 

dev 

Median Avg 

/ y 

Def Rep Avg Std 

dev 

Median 

Product 

developer 
2192 9 243.6 151.0 230 47.1 843 9 93.7 52.4 106 

Product 

management 
1226 8 153.3 123.2 111.5 29.7 552 8 69.0 49.9 77.5 

Core 

technology 
757 15 50.5 90.3 26 9.8 168 11 15.3 11.6 13 

Other & 

unknown 
1316 35 37.6 52.7 21 7.3 346 22 15.7 19.1 7.5 

Total 5491 67 82.0 113.9 30 15.9 1909 50 38.2 45.3 17 

 
Def = number of defects Rep = number of reporters 

 

Avg = average Avg / y = average per year 

 

Std dev = standard deviation Med = median 
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Figure 5 Numbers and Proportions of Defect Severities in Case C by Reporter Groups 

During 2008, the testing process was changed, which can be clearly seen from the 

defect tracking database data as presented in Figure 6. First of all, there were many 

more defects found. Moreover, during fall 2008 it can be seen that continuous testing 

has started and the cumulative count of the reported defects has more linear shape than 

before. Because of these changes, the more detailed analysis covers only the year 

2008. 
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Figure 6 Cumulative Numbers of Reported Defects in Case C by Reporting Groups 

The changes in testing happened after the testing phase of the 2008 spring release, 

which took place between April and June. This testing phase can be clearly seen from 

the cumulative timeline graph of this year in Figure 7. It can also be seen from the 

graph how testing, and therefore reporting of found defects, started immediately after 

the summer vacations in August, when the next release project started. The testing 

was not delayed until the end of the release. 
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Figure 7 Cumulative Numbers of Reported Defects in Case C by Reporting Groups, 2008 

When the data were analyzed on an individual level, the differences inside the groups 

were seen. Product developers reported most of the defects, but there were differences 

between them. The second most effective defect reporter, coded as DEV 2, worked 

only about three months after returning from a leave in the end of August and still 

reported almost as many defects as the most effective reporter, DEV 1. Otherwise, the 

most effective product developers and product management personnel reported quite 

similar amounts of defects during the year (see Figure 8). Most of the difference was 

made during the spring, when the top performing developers reported much more 

defects than the product management. 

Another interesting observation arose from the group ‘others’, where the persons who 

reported the first- and third-most defects worked for only a short period during the 

testing phase of the spring release. The more efficient of them is presented in Figure 8. 

Otherwise, the group ‘others’ is very mixed and the numbers of defects reported vary 

a great deal. There were 23 reporters in this group during the year and their median of 
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reported defects was only 7.5, while the overall median during the year 2008 was 17 

defects (see Table 9). 

Analysis of the severity of defects reported does not show a lot of differences between 

the groups. People in the group ‘others’ used both severities, “high” and “low”, more 

often than people in the other groups, while personnel in the core technologies 

department used the default value of “medium” more often. Defects reported by 

persons in the group ‘others’ were more commonly in the open states of open or new 

when the analysis was done, but a lot of those defects were also reported during the 

last months of the year (Table 10). 

Different individuals utilized the severity values quite differently. The highest value, 

“Fatal”, is used very little, but there are significant differences among the usage of the 

other values (Table 10). 

 
Figure 8 Cumulative Numbers of Defects in Case C by Selected Top Reporters, 2008 
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Table 10 Reported Defect Severities and Statuses in Case C by Selected Top Reporters, 2008 

ID Defects Proportions by Severity Status 

Open 

Non-valid 

Non-

Open 
Fatal High Medium Low 

DEV 1 155 0 % 21 % 61 % 18 % 11 % 21 % 

DEV 2 153 0 % 7 % 92 % 2 % 26 % 25 % 

PM 1 138 3 % 24 % 73 % 0 % 47 % 25 % 

DEV 3 132 2 % 7 % 86 % 6 % 18 % 29 % 

DEV 4 130 3 % 23 % 52 % 22 % 26 % 25 % 

PM 2 125 1 % 10 % 68 % 22 % 27 % 14 % 

DEV 5 106 1 % 13 % 82 % 4 % 38 % 18 % 

PM 3 89 0 % 8 % 84 % 8 % 20 % 24 % 

PM 4 81 0 % 2 % 98 % 0 % 17 % 21 % 

DEV other 167 0 % 7 % 67 % 26 % 29 % 36 % 

PM other 119 1 % 8 % 61 % 31 % 24 % 21 % 

DEV total 843 1 % 13 % 73 % 14 % 24 % 26 % 

PM total 552 1 % 11 % 75 % 13 % 29 % 21 % 

core tech 168 2 % 9 % 80 % 10 % 23 % 18 % 

others 346 2 % 18 % 64 % 16 % 35 % 22 % 

Total 1909 1 % 13 % 72 % 13 % 27 % 23 % 

 

DEV = product developers 

 

PM = product management 

 

core tech = core technology department 

 

3.4.3 Findings from the interviews 

Differences in reporting  

The company policy is that everyone should report any defects they find in the 

products, irrespective of the activity they were performing while finding it. Even non-

critical usability problems with little impact should be reported to the system. There is 

an ongoing practice in place where the company tries to gather these reported defects 

to be solved as part of some new feature in development. However, the ongoing 

monitoring of the defect tracking database had made it clear that more defects were 

found than were fixed or solved. There had been discussions about having special “kill 

weeks” dedicated to only solving defects and other change requests in the database. 

During those weeks, as many issues as possible should be either scoped to be solved 

or closed as non-relevant. 

It was known that some people from the customer interface, especially in sales, had 

the habit of sending change requests and defect reports directly to the developers they 

knew could solve them. Some developers would input the requests into the defect 
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tracking database first before handling them, while others would not report them, even 

if they handled the issue. In either case, this practice will affect the data as the issues 

would be reported by different persons than those who found them or even left 

unreported. One developer told us that this practice was more common some time ago, 

but had decreased recently. 

There were differences about reporting issues in documentation and other parts of the 

product, which are not part of the actual computer program. Also, some of the 

developers reported defects they would soon fix themselves, but it was believed that 

some other developers would not report similar issues. This kind of reporting was seen 

as kind of personal “to do” –list in the defect tracking database. It was justified both 

by remembering to fix them and as a necessity to get the fixes verified later. 

In the case department, it was common that the defect fixes would be verified by the 

person responsible for the testing of the faulty part of the product and not by the 

reporter of the defect. The reasoning behind this is that, if the person reporting the 

defect were responsible to verify the fix, he would be tempted to not report the defect 

in order to avoid the verification work. This practice also led to the need for clearer 

reproduction steps and description of the defect as it would need to be understood by 

two different people in addition to the defect reporter. Another reason for verification 

according to responsibility for the product part was so that those responsible would 

properly communicate of changes, defects, and fixes in their part of the product. It 

was also interesting to hear that the other product line department had solved this 

information need differently: There, all or most defect reports into the defect tracking 

database were done by the product manager based on e-mails or other messages sent 

to him by the actual defect finders. It was not clear how this difference had affected 

those who were working on both main product lines; specifically, the software 

developers of the core technology unit. 

Because of department-wide monitoring, it was known that people invested different 

amounts of time in testing. Some were more available for testing the new 

functionalities than others. However, it was also seen during regression testing that 

some people used more time for it than others, and it was not clear whether this 

correlated with the complexity or size of the product for which they were responsible. 

Similarly, not everyone had provided automation scripts for the standard tests that 

applied to their part. 
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Characteristics of highly performing testers 

All the interviewees thought that highly performing testers should be thorough, 

careful, and should know the product and its usage as well as possible. Other 

characteristics mentioned were rigorousness and the ability to criticize issues. Most 

persons interviewed thought that it would be important that the testers know the 

practices and processes utilized by the users of the product on the customer side. 

Additionally, knowledge about official regulations of the product domain was seen as 

an important skill for the tester as well as the ability to check the calculations made by 

the software long-hand. 

Other characteristics mentioned by the interviewees were the ability to manage large 

and complex units and the product as a whole and the ability to find defects. Those 

who had more work experience in customer care or quality management thought that 

understanding the significance of the individual defect to the user or customer was an 

important motivator to test the product well in order to prevent uncomfortable 

situations with the customers. The quality manager thought also that reporting of all 

defects found, motivation and positive attitude towards the testing, and understanding 

of the implementation techniques were all important characteristics of a highly 

performing tester. 

3.4.4 Comparison of the interview data and the defect database data 

When compared, both the defect tracking database data and the interviews led to the 

same interpretation: the personnel of the product department report most of the defects 

found in the product. Reports from other departments are a minority. The interviews 

gave a picture that everyone takes part in testing, and that there are at least a few 

defects reported by almost everyone from the department. However, in the database 

data, there is quite a lot of variation among individuals. Information about how 

exactly the testing work had been divided was not available for this analysis. It was 

reported in the interviews that there are differences and that uniform distribution is not 

even the target. This seems to be the situation; however, it also leads to the outcome 

that real efficiency per tester cannot be analyzed. There is no information as to 

whether the defects were found during testing or other activities. 

The interviewees were actively using the defect tracking system and were among the 

top defect reporters. Some of the top reporters are part of the overall quality assurance 
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function of the department. This means that they do spend more time upon testing 

activities than other personnel of the department. It probably also means that they are 

more interested in testing and quality assurance and have a more positive attitude 

towards, it and defect reporting, than do personnel in general. However, there is no 

actual data to support this. 

There was an obvious increase in defect tracking during 2008. The reason for this 

increase were twofold. There is a sprint in the spring, near the end of the main release. 

Part of this sprint is due to late testing during that release, which is sort of carryover 

from the previous year. The second part of the increase is the fall part of the year, 

where the changed, more continuous, kind of testing is happening. 

The personnel of the product department have very little education in the field of 

software engineering and almost no software testing training. The testing approach 

and methods used vary from person to person. Individual experience in the domain 

field and in the product plays an important role, as does the knowledge of and 

familiarity with the customer processes and actual use cases. This experience 

compensates for the generalities of the test cases used. 

3.4.5 Summary of Case C 

Knowledge about customer and user processes and practices and domain regulations 

are needed to run the test cases used in the company featured in Case C, because of 

the level of detail used in them. The same applies to the regression testing, which 

relies purely on the knowledge and skills of the testers. There are no widely used 

common testing methods, most of the employees do not have education or training in 

software testing, and experience levels vary among them. 

There are also reporting differences observed and this analysis did not contain 

information about work amounts used for testing on a general or individual level, 

which makes it impossible to assess the exact nature of differences in testing 

efficiency. Nevertheless, from the data available it is clear that there are large 

differences in the number of defects found and reported among all employees 

performing testing in Case C. It is possible that this can lead to quality risks on some 

parts of the software. Another issue affecting this is the nature of the product’s user 

interface, which has several different ways to perform the same tasks; which, in turn, 
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means that it is impossible to test all the ways to use it. Coverage of these different 

methods of use is neither controlled nor monitored by the process. 

There are differences in the defect reporting rates among employees. This analysis 

cannot determine to what degree personality, experience, skills, motivation, time use 

and position, or role account for these differences. 
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4 Cross-case analysis 

This chapter gathers the findings from the three cases and forms common results 

based upon them. The first subchapter gives summaries of the cases. Then, subchapter 

4.2 covers the analysis of the defect tracking database data while subchapter 4.3 

discusses the results of the interviews. The final subchapter summarizes the results. 

4.1 Summary of the cases 

All the case companies can be described as software product companies and their 

products are similar in that they are intended for the use of domain experts in different 

engineering fields. However, their development processes differ from each other. The 

company featured in Case A develops its product through customer projects, and new 

features developed in those are imported into the product main line at a later date. 

Meanwhile, the companies studied in Case B and Case C develop their products 

through release and maintenance release projects. Customization of the product in 

customer projects, in those cases, is not that common. 

In all cases, there is a regression testing practice in place. In Case A regression tests 

are done upon the product main line, about once a month, by the testing team with 

preplanned test cases. It was mentioned in the interviews that these test cases lag 

behind the development of new features. In Case B and Case C, regression testing is 

performed at the end of the release projects by product management and personnel 

who interface with the customers. In Case C, the product developers also take part in 

the regression testing. 

Testing of the newly developed features is conducted differently in all cases. In 

Case A, the project engineers assigned to the customer projects test the new customer 

installations, as well as any new features, and base their testing upon summary feature 

lists. In Case B, the software developers design test cases for the new features. Test 

cases are based on the same documentation as the implementation. Most of these test 

cases are executed by the software developers, as the time and resources of product 

management or customer support are usually not available for it. In Case C, there is a 

quality manager who is responsible for the testing of new features and overall quality 

of the products. The quality manager uses the department’s employees, based upon 

their availability, to design and execute the test cases. Most of the test cases in Case C 
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are designed by a couple of persons and executed by a few more, as resources for 

testing are scarce. 

4.2 Cross-case analysis of the defect tracking system data 

Case C and Case B included several years’ worth of data from their defect tracking 

systems. The company in Case A had just changed its processes, usage of its defect 

tracking system, and the actual system about half a year before the study started. 

Because processes, practices, people, and their roles changed in the companies over 

the years, only the latest whole year of Case C’s and Case B’s data was analyzed in 

detail as well as half a year’s data from the new system in Case A. 

The data was first analyzed at the reporter group level, where the defect reporters in 

each case were divided into separate groups according to the organization and 

processes of the case. In all the cases, analysis at reporter group levels reflected the 

process in place; i.e., the groups that perform more testing reported more defects, as 

would be expected. Defect reporters in groups that had closer contact with the 

customers tended to use more severe or acute classifications for the defects they 

reported. 

When the analysis was done on an individual level, both overall in the cases and 

within the reporter groups, a great deal of variance was observed. The few top 

reporters in each case reported the greatest share of the defects. In Case A, the top 11 

out of 82 defect reporters reported over half of all defects reported. In 2008, in 

Case B, the top eight out of 39; and, in Case C, the top eight out of 50 reported over 

half of all defects reported during that year. In each case firm, there were several 

employees who reported only one or two defects during the whole period analyzed; 

and, when compared to the overall employee numbers, there were also employees who 

did not report any defects, although they were assigned to roles in which they could 

have found some. 

In Case A, the most variance in the experience of the personnel performing the 

software testing was seen out of all the cases. The very top defect reporters in Case A 

consisted of both experienced and new employees. There were some differences in 

how the new employees classified the defects they had reported and also in how a 

large portion of the defects reported by them were considered non-defects, when 

compared to the more experienced employees and also with other new employees. 
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However, these differences do not make the new employees as a group, different from 

the rest of the testing team. 

4.3 Cross-case analysis of the interviews 

4.3.1 Differences in reporting  

There were several kinds of reasons given by the interviewees for the differences in 

the defect reporting rates of individual defect reporters. In all cases, it was an official 

rule that everyone should report all defects they found to the defect tracking system. 

There were different practices in how the defects were assigned to or chosen by 

developers for fixing. The interviewees reported that, in reality, there are different 

situations in which the defect founder does not report a defect, but it is instead 

reported by someone else or not at all. These situations can almost always be 

associated with communication about the defect. If the person responsible to fix the 

defect learns about it from another source, such as finding it himself, it is possible that 

the defect is never reported to the system. In Case B this was indeed a rule during the 

main release development. In all cases there was a verification process for defect fixes 

that required them to be reported to the system; at least, by some of the interviewees, 

this was seen as an important reason to report even those defects that were already 

fixed. In Case B and Case C, there were also some individuals who reported great 

numbers of defects that they would fix themselves, sometimes almost immediately. 

This was seen as some kind of personal “to-do list” that was utilized in order to 

remember all the defects, even small ones. 

In Case A, where the defect tracking system was also used to report hours worked, 

there were some differences of opinion among interviewees as to whether 

configuration problems should be reported, even though they were not considered 

defects. Interviewees told the researchers about different practices regarding who 

reports these and if they should be reported or not. This type of issue was not 

mentioned in the other cases. 

Interviewees in all the cases reported a belief that the persons with the closest 

customer contact would be the best testers as they would know the customer processes 

and how the actual users use the products. In Case B and Case C, the interviewees 

reported that those same people with the closest customer contact do not have enough 

time available to test the product. In Case B in particular, it was reported that part of 
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the testing is done after the actual testing period, which caused problems with the 

schedules for fixing those defects. In Case A, where the testing performed by those 

with close customer contact was done as part of customer projects, this kind of 

problem was not reported. 

While experience and knowledge in the customer domain and with the product itself 

were seen as important attributes of a highly performing tester in the interviews 

conducted in all cases, the database data analysis did not give a lot of support for that. 

Out of the three cases, only Case A had a couple of inexperienced testers, who could 

be identified from the data, and who reported a great number of defects. 

There were some reports about competition over the sharing of development resources 

among the customer projects in Case A. In the past, this had caused over-prioritization 

of defect reports by the project engineers, who had thought they could get more 

resources for their projects by doing so. This had led to some inaccurate differences in 

the priorities of defects reported. It is a possibility that there would be similar 

differences in the numbers of defects reported or the work time estimates given for 

fixing them. The other cases did not exhibit this kind of noticed problem, but there 

were differences among individuals on how they prioritized the defects they reported. 

4.3.2 Characteristics of the highly performing testers 

Almost all interviewees, in all cases, reported that highly performing testers should 

know the product under testing well, especially how it is supposed to be used, but also 

how it is implemented. Similarly, knowledge of customer processes and usage of the 

product was thought to be important. In most cases, there were limited amounts of 

documents available for the personnel performing the testing, or the available 

documentation could not always be trusted to be correct. In Case B, production of 

customer training material was reported to be an effective testing situation. 

Knowledge and experience in the implementation of the product was seen as useful 

during the testing to test limit values, incorrect input data types, etc. (Table 11). 

There were also several kinds of other special abilities and areas of knowledge that 

were considered important, in addition to the domain knowledge. Several interviewees 

mentioned the designing and implementation of test automation as an important skill 

for a highly performing tester. Linked to this was the characteristic of positive 
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laziness. Highly performing testers would not perform the same testing task several 

times, at least not manually. 

The most common personal characteristics of highly performing testers, as mentioned 

in the interviews, were thoroughness, carefulness, conscientiousness, patience, and 

persistency. It was noted that they should be precise and keen for details. In addition, 

several interviewees commented on a highly performing tester’s ability to see the big 

picture and put the details in the correct context. Other characteristics mentioned were 

imagination, criticality in thinking, and autonomy. It was believed that a good tester 

uses simple solutions, finds a lot of defects, and reports all of them truthfully (sic). 

Several interviewees told the researchers about the importance of motivation to test. 

Testers need to be motivated and have the correct attitude towards testing in order to 

be a good or highly performing tester. One of the interviwees said that a highly 

performing tester “likes to find bugs.” Several interviewees thought of testing as a 

tedious task that has to be done. It was not seen as creative. Some interviewees 

reported that, as the motivation varied, the efficiency of the testing also varied. 

Interviewees with closer customer contact reported that part of the motivation 

originates in fear of embarrassment if the product should fail while they were 

demonstrating it to customers or training users and from knowing how important it is 

to the customers that the product works well and how much it could cost the 

customers if it fails. It was believed that motivated people probably found more time 

for testing and, in addition to actually performing the testing better, tested more 

copiously. 

A couple of interviewees with more experience in testing and software development 

but less in the customer domains, reported their opinion that there is a difference in 

mindset, self-image, and skills between a good tester and a good software developer, 

and that a software developer cannot adequately test code he has been developing 

himself. 
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Table 11 Characteristics of Highly Performing Testers in the Cases 

Characteristic Case 

A B C 

Experience with the product X X X 

Experience in the domain  X X X 

Experience in programming X X X 

Experience in specific testing techniques X X X 

Thoroughness, conscientiousness, patience or persistency X X X 

Motivated in testing X X X 

Writes good defect reports X X X 

Accurate  X X 

Keeping the big picture X X X 

Understands the effects of defects in production environment  X X 

Finds defects X  X 

Reports all the defects found  X X 

Criticizes the product and process   X 

Independent and knows own skills and limits  X  

Creative   X 

Simple solutions in test design X   

 

4.4 Summary 

The development and testing processes used in the cases varied. Case A used 

customer projects and product main line testing. In Case B, the software development 

and testing was heavily done by software developers who had more computer science 

and software engineering backgrounds than domain experience, but who had long 

careers with the company. Finally, in Case C, there was a separate department for 

development of the core technology, and the development and testing of the products’ 

user interface parts was performed by domain specialists. 

Despite these differences in the processes, the findings from the interviews were 

similar. Domain knowledge and experience with the product under test were seen as 

important. Also, the personal characteristics of a highly performing tester mentioned 

were the same, or similar, across all cases. Furthermore, motivation and attitude was 

seen important in all cases, especially by managers. 
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5 Discussion 

We begin this chapter by answering the research question of the study based on the 

findings and relate the findings to the literature. In the second subchapter, the study is 

evaluated and we discuss its limitations. Finally, in the third subchapter, we present 

ideas for future work on the subject. 

5.1 Answering the research questions 

The study had five research questions. In this chapter those are revisited and answered 

one by one based on the findings of the study and literature. 

5.1.1 RQ1: What groups, based on the roles of employees, report 
defects in the organizations? 

This research question was approached both from the actual data obtained from the 

defect tracking systems as well from the interviews. The interviewees were asked 

about both the intended practice in the organization and how they saw the practices 

were actually used. 

The main rule in all the cases was that anyone in the organization who finds defects 

from the products must report them, themselves, into the defect tracking system. All 

cases also had practices by which customer support and other employees who had 

contact with the customers and end users should report defects found by customers. 

The actual testing role was distributed differently in each of the cases. In Case A there 

was a specialized testing team for systems testing and project engineers were 

responsible for testing during customer projects. In Case B, system testing was carried 

out primarily by the software developers, although product management was expected 

to test more often than they actually did. In Case C, testing responsibilities were 

distributed to everyone in the product department. 

In all cases, all expected groups of employees did report defects. There were also 

some defect reports by employees in roles that were not related to the groups with 

testing responsibilities. Over-all the main reporter groups were those which, in the 

interviews, were supposed to have testing responsibilities. 

Answers to this research question were used as the basis for the following research 

question. 
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5.1.2 RQ2: How can one explain the differences in defect reporting 
rates in the organization? 

As was expected, the defect reporting rates in the case organizations varied both 

across groups of employees and among individual employees with similar roles. 

There were several kinds of issues that explained the variances. Naturally, different 

roles in the organizations include different amounts of testing, even in organizations 

like Case C, where testing is part of everyone’s job. Also, testing performed by 

employees in different roles is different, which affects the defect reporting rates. For 

example, in most cases, software developers do not report defects they will soon solve 

themselves, but similar defects get reported if found by someone else. Therefore, the 

defects reported by employees in different role-based groups may vary more than the 

defects they find. 

On an individual level, the amount of time reserved or usable for testing varies, which 

affects the defect reporting rates. It is probable that employees who test more also find 

and report more defects. There were also reports on how the processes and practices 

were used differently in a variety of situations and among different individuals. For 

example, test cases and check lists were used differently. In addition, some developers 

seemed to use the defect tracking system as personal to-do lists, while others did not 

report defects they would solve themselves. Also, in Case B, where most of the 

functional testing was done by the software developers, the testing work per person 

varied based on how much defect fixing they had to perform during the system testing 

period. 

The literature did not report similar studies on defect reporting rates. Jalote et 

al. (2007) had analyzed defects reported by different role-based teams per software 

component and had observed differences; most notably that testing teams found more 

defects in components that shared interfaces with the components under test than in 

the components under test. Their analysis did not cover individual tester level, but was 

limited to team type level. 

5.1.3 RQ3: What are seen as the characteristics of highly performing 
testers? 

Characteristics of highly performing testers were gathered both from the interviews in 

the cases and from the literature review. There were five main themes found in the 

characteristics; these themes, as well as the characteristics, are presented in Table 12. 
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Table 12 Characteristics of Highly Performing Testers 

Cases SWEng Testers

A, B, C

A, B, C

A, B, C

A, B, C

A, B, C

B, C

A, B, C I V

V, VI

C I V, VI

B I, II

I

A, B, C V, VI

V, VI

A, B, C VI

B, C VI

C VI

A

A, C

B, C

I, II V, VI

Motivated in testing

Understands the effects of defects in 

production environment

I

Has a sense of mission 

III, IV, V, 

VI

III, IV, V, 

VI

Characteristics from the 

Literature

Experience in the domain

Experience in technical skills

Ability to express own opinion

Proactive role with management

Helps others

Writing good defect reports

Characteristics from the Cases

Experience in the domain 

Experience in programming

Experience in specific testing techniques

Writing good defect reports

VI = Pol et al. (2002)
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SWEng = Software Engineers

Perf. = Performance

Experience with the product

Accurate

Creative

Keeping the big picture

IV = Martin et al. (2007)

Good communication skills

Keeping the big picture

Criticizes the product and process

Independent and knows own skills and 

limits

III = Beer and Ramler( 2008)

Thoroughness, patience, persistency and 

conscientiousness

Accurate

Creative

Simple solutions in test design

Finds defects

Methodological approach

V = Black (2002)

Reports all the defects found

I = Turley and Bieman (1995)

II = Beecham et al. (2008)

Reading hidden meanings from the 

documentation

 

The five themes found in the characteristics are experience, motivation, 

communication, personality, and performance. The theme of performance is a bit 

repetitive as the goal was to find out characteristics of highly performing testers; 

however, the interviewees in the study emphasized the aspect. In particular, they 

emphasized how important it is to report all defects found; not only those that the 

finder deems important, but also those that are not seen as likely to be resolved in the 

near future. 

The interviewees emphasized that highly performing testers need domain knowledge 

and experience in the product under test. This knowledge and experience was seen as 
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necessary to understand requirements and to act as a test oracle. Moreover, different 

kinds of special skills were asked for, like skills for setting up test automation, testing 

of distributed systems, or performance testing; for instance, a highly performing tester 

could also be a specialist in a needed topic. More traditional testing skills in test case 

design and test planning were not asked for that often, other than the ability to write 

clear descriptions. These findings are very similar to the results of Beer and 

Ramler’s (2008) study on the need for experience in software testing, the difference 

being that Beer and Ramler reported more need for experience in traditional testing 

skills. In addition, Turley and Bieman’s study (1995) reported experience as an 

important competency for software engineers. Software testing practitioners 

emphasize traditional testing skills and experience more than domain knowledge 

(Black 2002; Pol et al. 2002). 

Interviewees in this study held motivation and positive attitude towards testing as 

important characteristics of the highly performing testers. One interviewee 

commented: “Top testers love to find bugs.” There have been several studies on 

motivation in software engineering, but whether this really results in top performance 

is not that clear (Beecham et al. 2008). Also related is Acuna et al.’s (2009) study on 

correlation of team satisfaction with software quality. Satisfaction is clearly a 

motivator (Beecham et al. 2008), but Acuna et al. (2009) did not find a correlation 

between satisfaction and software quality. Turley and Bieman (1995) found sense of 

mission to be a differentiating factor between exceptional and non-exceptional 

software engineers. This sense of mission can be seen as similar to the positive 

attitude towards testing reported by interviewees of this study, several of whom saw 

software testing as a boring and tedious, but important, task. 

Keeping the big picture in mind was seen as an important characteristic, both by the 

interviewees and by Black (2002) and Pol et al. (2002). In addition, Turley and 

Bieman’s study (1995) reported this as an important competency of exceptional 

software engineers. We linked this to motivation as it is somewhat similar to the 

motivation building aspect of understanding the effects of defects and importance of 

quality for the users of the product, that was reported by the interviewees. 

Good communication skills were seen as characteristics of highly performing testers, 

both by the interviewees and by the practitioner literature. There were two distinct 

aspects to this theme: first of all, overall communication, including the ability to 
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express one’s opinion about the issues and even to criticize the product; and, secondly, 

the ability to write good and clear defect reports. The first aspect has something in 

common with the proactive role with management reported by Turley and 

Bieman (1995), as well as the motivational aspect reported by Beecham et al. (2008). 

Good communication is also needed to help others and when seeking help once the 

limits of one’s skills are reached. Turley and Bieman (1995) found out that 

exceptional software engineers help others. On the other hand, however, interviewees 

in this case study reported that highly performing testers proactively seek out others’ 

help, when they notice that they do not know something or their own skills are not 

enough to carry out the tasks at hand. 

The second aspect of the communication theme is quite natural and was reported both 

by the interviewees and by the literature (Black 2002; Pol et al. 2002). Good and clear 

defect reports, with all the needed information like reproduction steps, are essential in 

order to adequately communicate about defects. 

The last theme of characteristics of highly performing testers is personality. The 

interviewees reported several personality traits like thoroughness, patience, 

persistency, and conscientiousness. These can be seen as slightly similar to the strict 

use of a methodological approach that was requested by Pol et al. (2002); at least, 

such traits can be seen as facilitating such an approach. The other personality 

characteristics reported by the interviewees – accuracy and creativity – are identical to 

those asked for by Pol et al. (2002). In a slight contrast to creativity some interviewees 

reported that simple solutions in test case design is a characteristic of highly 

performing testers. The idea here is that creativity is needed to find out different ways 

to use the product and, consequently, needed test cases, but then the actual test cases 

have to be simple in design so that they are easy to execute every time. 

At a glance, personality as theme seems to be inconsistent with the results of Barrick 

et al.’s (2001) meta-analysis, where the researchers found only very limited 

correlation between personality types and work performance. But that is not really the 

case. First of all, Barrick et al. (2001) found some correlations. Secondly, the studies 

they analyzed were done using personality types, which are very high-level concepts 

covering many specific personality traits. The characteristics identified in this study, 

meanwhile, are all quite detailed traits and are expressed by lay-men using everyday 
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language. There may yet be a correlation between these traits and one’s performance 

as a software tester that this study can not represent in more detail. 

Overall the characteristics reported by interviewees of this study are similar to those 

reported by earlier studies and opinions of practitioners. The only difference could be 

the emphasis on the importance of knowledge in the product application domain. 

Whereas Pol et al. (2002) warn about the use of part-time domain experts as testers as 

their testing expertise can be insufficient, Black (2002) sees that there are different 

needs on different levels of testing, from programmers at unit test level to support, 

sales and business analyst personnel, to users at the system test level and software 

testers who specialize in functional testing. 

5.1.4 RQ4: Who are seen as highly performing testers in the 
organization? 

This research question was needed in order to be able to answer the following 

question and the exact answers were only used for that purpose. Only a few 

interviewees pointed out distinct individuals when asked to nominate highly 

performing testers in their organizations. The question was not weighted and 

interviewees were not pressed to answer. 

5.1.5 RQ5: Can the highly performing testers be identified from the 
defect tracking data? 

As only a few interviewees nominated distinct individuals as highly performing testers 

this question could not be answered only by comparing those answers to the defect 

tracking system data. As the last part of their interviews, managers were asked to 

describe the top reporters identified by the initial analysis of the defect tracking data. 

Those descriptions were then compared to the characteristics gathered from the 

interviews done in each case. These two data sources were then used to answer this 

research question. 

In all cases, those individuals who were nominated as highly performing testers by the 

interviewees were among the top reporters in the defect tracking data, but not always 

the most active reporters. There were several defect reporters, who had reported more 

defects than the nominated highly performing testers of their organization, and also 

who did not fit well with the description given of the characteristics of a highly 

performing tester. This can be, in part, because the analysis is based solely on the 

defect reporting rate and because there are several issues that affect that rate and 
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which could not be controlled in this study (see Chapter 5.1.2 above). Some of these 

issues, like different subjective opinions on what a defect is or how a defect should be 

classified, cannot be fully controlled in any situation. Additionally, the data 

classification during the defect reporting and in the subsequent phases of the defects’ 

resolution was aimed at the task at hand, not for later analysis. These issues make the 

defect tracking data hard to analyze for this kind of study. 

Some of the nominated highly performing testers were specialists in a specific aspect 

of testing, like test automation or testing of a distinct, important, part of the system. 

Additionally, some of the nominated highly performing testers had an important role 

in the testing process of the organization that affected their image as tester. Some 

testing tasks; e.g., regression testing or automated testing, do not directly lead to 

discovery of new defects or do so very seldom. These tasks could still be seen very 

important and their execution was usually given to those individuals who were seen as 

highly performing testers. On the other hand, some testing tasks, which were seen 

easy and usually given to the least experienced employees, could easily produce 

several defect findings and subsequent reports. 

All this leads us to the conclusion that it is not easy or straight-forward, if possible at 

all, to identify highly performing testers from defect tracking data. The data may give 

some guidance, but the opinions and perceptions of the organization and its employees 

are based on many other issues that cannot be traced back to the defect data. 

5.2 Evaluation of the research 

This chapter discusses the limitation of the study presented and evaluates it based on 

five areas given by Miles and Huberman (1994): conformability, dependability, 

internal validity/credibility, external validity/transferability, and application. 

5.2.1 Conformability 

Conformability examines whether the study can be replicated by others. It has to be 

confirmed that the results are not dependable on the researcher (Miles and 

Huberman 1994). 

In this thesis we have described the study performed, and the interview guides are 

presented as appendixes. Additionally, all the recording of the interviews done, the 

respective transcriptions, and the defect tracking system data are available for re-

analysis. This study has been done by a single researcher, so all the analysis depends 
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on one person’s interpretation, which could be different if done by a researcher with 

different background and experience. 

5.2.2 Dependability 

Dependability examines the research process used in the study and how consistently it 

has been followed (Miles and Huberman 1994). 

One researcher designed and performed all the interviews. Interview guides were 

reviewed by senior researchers. This should ensure comparable interview data. 

Interviews were open and did not always follow the same issue order, if the 

interviewee started to tell about issues elsewhere in the guide. Moreover, the way the 

interviewer represented the questions evolved during the research, based on the 

information the organization gained during the study and also based on the new 

experience on interviewing gained during the study. This change may have affected 

the responses of the interviewees, but it is also seen as a benefit as richer information 

was received. 

All the interviews and the data analysis were done in Finnish, as it was the most 

comfortable language to be used by both the interviewer and the interviewees. The 

terms were translated into English for this thesis. The translation may present some 

interpretation issues on the part of the researcher. 

Defect tracking system data were obtained as direct extracts from the respective 

systems. Analysis of the defect tracking system data was done, as much as possible, 

on an as-is principle and recoded as little as possible. Some recoding and 

interpretation was necessary because of the analysis tools used in the study. Data 

analysis was hindered by similar problems as reported by Seaman et al. (2008): the 

usage of classifications had changed during the years, and in some categories, there 

were a lot of omitted values or defects coded as class “other”. This problem was 

mostly solved by focusing upon the latest full year of data and omitting categories 

with lots of nulls and others from the analysis if possible. The researcher’s 

interpretations were reviewed with the product development manager of each case 

company after their interviews and the data analysis was redone as needed. 

5.2.3 Internal validity and credibility 

Internal validity and credibility assesses the internal coherency of the findings of a 

study and whether they seem convincing (Miles and Huberman 1994). 
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Triangulation by sources (Patton 2002; Runeson and Höst 2009) was used in this 

study on two levels. First of all, there were three cases from three different companies 

and there were four interviewees per case. The case companies were selected based on 

accessibility, but formed a good combined case in their similarity. Findings from all 

cases were similar and can, therefore, be seen as internally consistent. The fact that all 

testers interviewed were among the top reporters and also seen as highly performing 

testers in their companies may present some bias in their responses. There were also 

only a limited number of interviewees and the study would have strengthened its case 

with more interviewees. The case descriptions were reviewed by representatives of the 

case companies, at least by the product development managers who were interviewed 

and also by others as possible, to check the interpretations made by the researcher. 

5.2.4 External validity and transferability 

By assessing external validity and transferability of the study we try to understand in 

which context the study was performed and how transferable its results are to other 

contexts, as well as whether and how far they can be generalized (Miles and 

Huberman 1994). 

The study consisted of three cases in three companies. All the companies were Finnish 

software product companies, with over ten-year histories, and had products developed 

for professional engineering use. Only one of the cases used a specialized testing team 

and also, in that case, project engineers had an important role in testing; however, 

testing education and training of the testing team was limited. The study was done in a 

limited context. In all cases the customers, while in the engineering industry, were not 

in the computer or software industry, and the application domain experts played a 

great role in the product development and somewhat, also, in testing. This makes it 

possible to predict that the results could probably be generalized to other contexts that 

feature products for professional users. The findings probably cannot be transferred 

that well, however, to contexts, in which the development organization is different, 

testing is arranged differently, or there are more professional testers available. 

5.2.5 Application 

Application of the findings examines how the study may have affected different 

parties linked to it: researchers, research subjects, and those who utilize the results. It 

is also important to consider whether the study can have harmed someone (Miles and 

Huberman 1994). 
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Findings of this study will be distributed to the case companies; both from each case 

separately in detail and in a common presentation on a general level. Findings from 

the initial defect tracking system data analysis in each case were presented to the 

product development managers after their interviews. In all cases, at least some new 

ideas and finding for the process development were presented. It is hoped that this 

study can serve as the basis for a continuation of more detailed research on software 

testers’ characteristics and to help in research concerning the skills and knowledge 

needed for effective software testing. 

Findings from the defect tracking system data analysis were presented on an 

individual level in each case company. This could affect how individual defect 

reporters are seen in their organizations, but all that data was available in the defect 

tracking systems even without this study. All the interviews have been reported as 

anonymously as possible and the names of the companies are omitted from the public 

reports. It is believed that this study cannot harm the research subjects. 

5.3 Future work 

In order to enhance the generalizability of the results presented in this study, similar 

studies in other organizations should be conducted. The organizations in this study did 

not have many specialized or specially educated or trained software testers. It would 

be interesting to compare the results presented here to organizations with a greater 

number of professional testers or larger testing organizations. Also, organizations with 

different kinds of testing processes and techniques in use should be compared. 

Characteristics of highly performing testers should be analyzed in comparison to other 

testers and also in comparison to other software engineers. In this study, the domain 

knowledge of the product’s user field was seen as important. Future studies focusing 

on knowledge transfer between domain specialists and software engineers in all areas 

– analysis, implementation, and testing – should be conducted. 

In this study, data from three different defect tracking systems were analyzed. The 

analysis was partly hindered because of the different usage of similar terms. The 

systems also had several fields that were in limited use or not used at all. Interviewees 

reported that these unnecessary fields can hinder defect reporting. It could be useful to 

study the usage of defect tracking systems in industry and compare this state of 
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practice to the standards and literature in order to determine which information and 

data fields are seen as important and why. 
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Appendix A. Interview guide for managers 

This appendix presents the interview guide used in the interviews of the product 

development managers in each case. The interviews were conducted in Finnish 

although the guide was prepared in English. 

Questions: General issues 

• Check information about the company before the interview: 

o Data from the survey made in another research project 

o Background: size, products 

• Defect tracking system data 

o Coverage: time, products, projects 

o Products 

� Type of the product: customers, delivery, etc. 

o Projects 

o Persons / teams 

o ”The data we got from you was about…?” 

• Where the changes during the period? 

o Premises from the data 

o Phases of the product 

o Phases of the projects 

o “There was change in the data at… Why would that be?” 

o “Did you change your process or organization during this time?” 

o Special events during the period? 

• Organization of testing in the company 

o System testing team? 

o Integrated to development? 

o Customer support? 

o Consults? 

o ”Could you tell about your process?” 

o “Who reports defects to your defect tracking system? How?” 

Questions: Process 

• What is the defect tracking system used for? 

• Defect tracking systems processes 

o States of the defects 

o Fields used and their meaning 
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o Who does what with it 

� Verification 

� Assigning 

� Closing 

• “Describe bugs lifetime in your defect tracking system? What states there are? 
Who changes the states? 

• Which practices or processes produce issues to the defect database? 

o Defects / Features / Other issues 

� Only defects belong to this study 

• How the defects are found? 

o What kinds of practices are used? 

o What kind of documentation is used? 

� How testers know how the product should work? 

� What documentation is used in testing? 

• Input: Specifications? 

• Test: Test cases? 

• Results: Defect reports, Test reports, Tracking? 

o How are practices used? 

� Only in some of the projects 

� Who use them? 

• By everyone / By some people 

• Process documented vs. Process used? 

• Which kind of projects you have? 

o How do they differ? 

• Are there practices which find defects which are not reported to the defect tracking 
system? 

o Unit testing 

o Special cases of the sales manager 

o “Do you have defects which are not tracked with the tracking system? 
What kinds of? How are they found? What happens to them?” 

Questions: Testers 

� Specialists or side jobs 

o “Who test the product? How about in the projects?” 

o Are they full time? 

� What other tasks they have? 

� How much other tasks they have? 
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o How many testers you have? 

� Backgrounds and experience 

o Domain experience 

� General 

� Product 

� Company 

� “How your testers know the domain of the product? Where have 
they gotten their experience?” 

o Testing experience 

� Formal training 

� Experience by doing 

� “What kind of testing knowledge your testers have?” 

o “What kinds of backgrounds your testers have?” 

� Description of a top tester 

o “How would you describe a top tester?” 

o Characteristics 

o Knowledge / Skills / Training 

� “Who are top testers in your company?” 

o One or more? 

o ”Why them?” 

Questions: Company specific issues rising from the data 

� Why there is a "downtime" here 

� What happened here? 

Goals of the interview: 

1. Understand how the defect tracking system is used 

2. Understand what kinds of testers the company has 

3. Get opinion about top testers in the company 

4. Get opinion about top testers’ characteristics 

5. Get a better understanding about the data obtained from the company 

6. Give feedback about the initial defect tracking data analysis 
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Appendix B. Interview guide for testers 

This appendix presents the interview guide used in the interviews of the software 

testers in each case. The interviews were conducted in Finnish although the guide was 

prepared in English. 

Questions: Background 

� Position in the company 

o System testing team? 

o Integrated to development? 

o Project Engineer? 

o Customer support? 

o Consults? 

o Full time 

� As tester? 

� In the company? 

� How much time used for testing? 

o “This interview aims to understand working as software tester in your 
company. Could you describe your work here? … How does testing take 
part in this?” 

� Work experience 

o In this company 

� As software tester 

� With the product 

o In other companies 

� As software tester? 

� Which domains? 

� Education and training? 

o What kind of education? 

o Software engineering or Computer science? 

o Testing? 

Questions: Process 

• How is the defect tracking system used? 

o What kinds of defects are reported? 

• How do you find defects from the product? 

o What kinds of practices do you use? 

o In which context? 
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� Project phase? 

o Testing strategies? 

o Techniques? 

o Tools? 

o Documentation? 

� What kind of documentation you use? 

� What kind of documentation you produce? 

� Does it help? 

o Test planning? 

• Does your work differ from what others do? What they do differently? 

Questions: Tester 

• ”How would you describe a top tester?” 

o Experience 

� What kind of work experience? 

� What kind of other experience helps? 

o Skills 

o Background 

o Personal characteristics 

� Personality 

� Attitude 

� Motivation 

• “Are you a top tester?” 

o “Why?” 

• How do you relate yourself to other testers in the company? 

• “Who are (other) top testers in the company?” 

Goals of the interview: 

1. Understand what kind is a top tester 

2. Understand why interviewee thinks he is a top tester… if he thinks so. 

3. Understand the background of the interviewee 

4. Understand the practices used by the interviewee 

5. Get a peer review about other testers 

6. Get a better understanding how the company tracks defects 


