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ABSTRACT 

Context: Test-driven development (TDD) is a software development technique studied empirically over the 
last few decades. There are several systematic literature reviews (SLRs) on TDD. The reliability of these stud-
ies should not be taken for granted because SLRs are highly dependent on the context and researcher decision-
making. 
Objective: This study determines, analyses, and synthesizes the limited overlap between SLRs on TDD and 
the influence of their conclusions and results on the code quality and developer productivity response variables.  
Method: A tertiary study was conducted to source SLRs on TDD from the scientific literature, and the primary 
studies referenced in each SLR were analysed. We compared SLRs with similar objectives, SLRs with similar 
response variables, and all SLRs. We analysed the differences between the selected primary studies and their 
impact on the conclusions and results. 
Results: The overlap between SLRs with similar response variables (54%) is greater than between SLRs with 
similar objectives (36%). Only three per cent of the primary studies are included in all eight analysed SLRs. 
Conclusions regarding external quality and productivity may vary across the SLRs on TDD. While we found 
that SLR results are similar, these results may differ when authors classify primary studies by experiments and 
case studies. 
Conclusion: SLRs with similar response variables tend to be more repeatable than SLRs with similar objec-
tives and SLRs addressing the same topic. The SLR authors’ criteria with respect to the consistency of evidence 
may influence the conclusions of SLRs on TDD. The results of SLRs where all primary studies count equally 
appear to be consistent. The SLR authors’ criteria for selecting primary studies may influence the results clas-
sified by case studies and experiments. 
 
Keywords: Reliability, Repeatability, Systematic Literature Review, Test-Driven Development. 
 

1. Introduction 

Evidence-based software engineering (EBSE) is a concept introduced by Kitchenham et al. [1] for the purpose 
of improving decision making with respect to software development and maintenance by integrating the best 
state-of-the-art evidence from research. Evidence can be sourced from laboratory experiments, industrial pro-
jects, observation studies, case studies, surveys and field experiments [2]. The EBSE concept led to evolution-
ary changes in research related to secondary studies in software engineering (SE). Secondary studies can be 
divided into systematic mapping studies (SMSs) and systematic literature reviews (SLRs). SMSs provide an 
overview of a specific topic of interest and identify the number and type of investigations and results available 
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on that topic [3]. According to Kitchenham and Charters, SLRs are a means of identifying, evaluating, and 
interpreting all the available research in response to specific research questions [3]. 
 
In this context, reliability refers to the situation where two studies on the same topic arrive at the same conclu-
sions [4]. Previous research has attempted to comprehend reliability and repeatability of secondary studies 
through the comparison of two SLRs. For instance, MacDonell et al. [5] evaluated the reliability of SLRs in 
SE. To conduct their study, they compared two SLRs. They observed differences between the activities per-
formed in the SLRs, which do not appear to have an effect on the conclusions. The study suggests that SLRs 
are a method that is robust to differences in people and processes. Kitchenham et al. [6] studied the property 
of SLR repeatability in SE. Six out of 32 primary studies used by the two SLRs are the same, that is, the overlap 
among the articles is rather small. They highlight that the missing primary studies may have a significant impact 
on the results of secondary studies. Wohlin et al. [4] conducted a study on the reliability of SMSs. To conduct 
the study, they used two SMSs in the software product line testing area. They concluded that the reliability of 
secondary studies should not be taken for granted, as secondary studies are highly dependent on the setting: 
study area, researchers conducting the study, search approach and data supplied about the primary study. 
 
The above studies on repeatability and reliability arrive at different conclusions. MacDonell et al. [5] state that 
SLRs are robust to different people and processes, whereas Kitchenham et al. [6] determine that differences 
could have a significant impact on results, and Wohlin et al. [4] claim that the reliability of secondary studies 
should not be taken for granted. Unlike the above studies that used two SLRs for the purpose of their research, 
this study also compares two SLRs and in one case compares eight SLRs on test-driven development (TDD). 
TDD is a technique used since the early days of software development [7], which grew in popularity as an 
eXtreme Programming (XP) practice [8]. TDD has been studied since the 2000s [9]. There are many primary 
studies on TDD that use a range of research methods such as experiments, surveys and case studies in industrial 
and academic settings. 
 
We identified eight SLRs studying the TDD technique: Kollanus [9], Sfetsos and Stamelos [10], Turhan et al. 
[11], Causevic et al. [12], Mäkinen and Münch [13], Munir et al. [14], Bissi et al. [15] and Abushama et al. 
[101]. What struck us most was that there are pronounced differences with respect to the primary studies in-
cluded in the SLRs. This led us to formulate the research question: How reliable are the results of SLRs on 
TDD, that is, how confident can we be that the results and conclusions are stable with respect to the primary 
studies included throughout the process? This article reports a tertiary study on the reliability of the results and 
conclusions considering the eight SLRs found in the literature. Additionally, we analyse SLRs with similar 
objectives and SLRs with similar responsible variables. The study response variables are (QLTY) and produc-
tivity (PROD). 
 
The remainder of the paper is structured as follows. Section 2 presents the related work. Section 3 describes 
the research method employed in the tertiary study. Section 4 analyses the differences and overlaps between 
the SLRs on TDD. Section 5 analyses the reliability of the conclusions and results of the SLRs with both similar 
objectives and similar response variables, also determining the effect of errors in SLRs on their results. Section 
6 reports the validity threats and future work.  
 
2. Related Work 

We identified 20 secondary studies in SE that dated back to before 2007. As of 2007, many of the studies 
adopted the guidelines for performing SLRs proposed by Kitchenham and Charters [3]. In 2009, it was found 
that SLR quality had increased, and the number of secondary studies published per year was constant [16]. 
SLR reliability and repeatability studies were carried out in SE as of 2010. The first, published by MacDonell 
et al. [5], indicates that SLRs are a robust research method as they produce stable findings (findings that are 
unchanged) with respect to different processes and people. Later, Kitchenham et al. [6] determined that any 
primary studies that were not included could have an impact on the results, and Wohlin et al. [4] claimed that 
the results of secondary studies are highly dependent on the setting, including study area, people, search ap-
proach and data available in the primary study. We have not found any other studies on SLR reliability or 
repeatability in SE since 2013. 
 
According to Zhang and Babar [17], SLR is a methodology that is relatively new to SE researchers, and its 
application has not been fully evaluated. Wohlin et al. [4] state that secondary study reliability can pose a 
challenge and, therefore, warrants further research. Although Munir et al. [14] do not focus on reliability, they 
do state that there are differences between SLRs on TDD with respect to the primary studies not included in 
existing SLRs whose causes are as follows: (i) studies published after the search date, which were not available 
when the study was conducted; or (ii) studies that do not meet the SLR inclusion criteria. As already noted, 
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SLRs on TDD have sizeable differences with respect to the selected primary studies. There are no studies in 
SE that focus on explaining such differences and analysing the reliability of the results and conclusions. Unlike 
previous studies that compared only two SLRs, the research reported here aims to analyse reliability using all 
the SLRs on TDD. 
 
3. Research Method 

The tertiary study reported here applies the same methodology as any SLR, following the guidelines proposed 
by Kitchenham and Charters [18]. Specifically, we perform the following tasks: define the research questions, 
determine the review protocol, specify the search string, define the inclusion/exclusion criteria, select the sec-
ondary studies that meet the criteria, and extract and synthesize data. 
 
3.1. Research questions 

The research questions (RQ) formulated in this research are listed below: (RQ-1) Which SLRs on TDD have 
been reported in the literature?; (RQ-2) How much overlap is there between the SLRs on TDD in terms of the 
selected primary studies?; (RQ-3) How do the criteria used by the authors to select the primary studies affect 
the results and conclusions of the SLRs on TDD? 
 
3.2. Review protocol 

The review protocol was defined by the four activities below: 
 
1. We gathered available information on the SLRs on TDD published in the scientific literature. We retrieved 

the articles referenced in each of the SLRs. 
2. We used the information on the SLRs and their associated primary studies to determine the overlap be-

tween SLRs. 
3. We analysed the reliability of the results and conclusions of the SLRs by comparing developer productivity 

and code quality. This activity was performed for SLRs with similar objectives, SLRs with similar re-
sponse variables and all the SLRs on TDD. 

4. We obtained the conclusions of the study. 
 

3.3. Search strategy 

To create the search string, we used the most significant terms for our research, divided into three components, 
as well as similar or related terms. The first component is related to TDD. The second component is related to 
the response variables of interest. The third component accounts for SLRs. The defined string was: ("test driven 
development" OR "test-driven development" OR TDD) AND (quality OR "code quality" OR "quality improve-
ment" OR "internal quality" OR "external quality" OR productivity) AND ("systematic review" OR "systematic 
literature review" OR "systematic mapping" OR "systematic mapping study"). Searches were run on Web of 
Science and Scopus. The search field used in Web of Science and Scopus was the same (Title OR Abstract OR 
Keywords). In Scopus, we obtained 14 articles, while in Web of Science, we obtained 4. In total, the string 
obtained 18 articles. The defined inclusion criteria are as follows: (i) the study analyses the effects of TDD on 
different response variables (for example, internal/external quality, productivity, conformance, developer opin-
ions), or (ii) the study identifies aspects that limit TDD adoption in industry. On the other hand, the exclusion 
criteria are as follows: (i) the study does not study the effects of TDD on at least one response variable, (ii) the 
study is a multiple report, or (iii) the study is written in a language other than English. 
 
3.4. Selected secondary studies 

As mentioned above, we retrieved a total of 18 articles, of which four were excluded as duplicates, leaving 14 
articles. Then, we selected the SLRs on TDD that consider quality or productivity as response variables, leaving 
a total of eight secondary studies. 
 
4. SLRs on TDD  

4.1. Analysed SLRs 

The research was conducted based on SLRs on TDD, published from 2010 to 2021, analysing the effects of 
TDD on different response variables. 
 
• Sfetsos and Stamelos [10] study the impacts of TDD on quality. 
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• Turhan et al. [11] analyse the impacts of TDD on productivity, internal/external quality and test quality. 

• Kollanus [9] analyse the empirical evidence on the impacts of TDD on productivity and quality. 

• Causevic et al. [12] identify the aspects that limit TDD adoption in industry. 

• Mäkinen and Münch [13] study the effects of TDD on the following response variables: defects, code 
coverage, code complexity, coupling, cohesion, size, effort, external quality, productivity and maintaina-
bility. 

• Munir et al. [14] evaluate TDD considering the response variables: quality, productivity, conformance 
and developer opinion. 

• Bissi et al. [15] study the effect of TDD on the following response variables: internal quality, external 
quality and productivity. 

• Abushama et al. [101] study the effect of TDD on project success factors (that is, cost, time and customer 
satisfaction/external quality). 

 
Table 1 shows the SLRs on TDD. Column 4 lists the articles included in each SLR. Column 5 indicates the number 
of primary studies in the SLR. As we can see, the number of studies included in the publications varies enormously 
over similar time periods. 

Table 1: SLRs on TDD included in this research. 

Study 

Year 
of 

publi-
cation 

Period 
covered Primary studies included 

No. of 
primary 
studies 

Sfetsos and 

Stamelos [10] 
2010 Up until 

2009 

[19],[20],[21],[22],[23],[24],[25],[26],[27],[28],[29],[30],[31],[32], 
[33],[34],[35],[36] 18 

Turhan et al. 
[11] 2010 2002-2009 [24],[26],[27],[31],[32],[33],[35],[37],[38],[39],[40],[41],[42],[43],

[44],[45],[46],[47],[48],[49],[50],[51] 22 

Kollanus [9] 2010 2001-2010 
[19],[21],[37],[22],[23],[24],[25],[26],[27],[28],[29],[31],[32],[33],
[34],[35],[36],[38],[40],[44],[45],[46],[47],[48],[49],[51],[52],[53],
[54],[55],[56],[57],[58],[59],[60],[61],[62] 

37 

Causevic et al. 
[12] 2011 2002-2010 

[19],[20],[21],[24],[25],[26],[27],[28],[29],[31],[32],[34],[35],[37],
[38],[40],[45],[46],[47],[48],[49],[52],[55],[56],[58],[61],[63],[64],
[65],[66],[67],[68],[69],[70],[71],[72],[73],[74],[75],[76],[77],[78],
[79],[80],[81],[82],[83],[84] 

48 

Mäkinen and 
Münch [13] 2014 2003-2012 [19],[22],[26],[27],[28],[29],[32],[35],[37],[40],[46],[49],[54],[55],

[58],[80],[85],[86],[87] 19 

Munir et al. 
[14] 2014 2002-2012 

[19],[20],[22],[24],[25],[26],[27],[28],[29],[31],[32],[33],[34],[35],
[37],[38],[40],[44],[46],[47],[48],[49],[55],[58],[61],[67],[69],[85],
[86],[87],[88],[89],[90],[91],[92],[93],[94],[95],[96], [97],[98] 

41 

Bissi et al. [15] 2016 2003-2012 [19],[20],[23],[24],[25],[26],[28],[29],[32],[33],[34],[37],[40],[46],
[48],[49],[50],[54],[55],[56],[58],[61],[86],[88],[95],[99], [100] 27 

Abushama et 
al. [101] 2020 1999-2019 

[19],[24],[37],[47],[54],[57],[87],[95],[102],[103],[104],[105], 
[106],[107],[108],[109],[110],[111],[112],[113],[114],[115],[116], 
[117],[118],[119],[120],[121],[122],[123],[124] 

31 

 
The characteristics of the SLRs are reported in Table A1 of Appendix A (see https://encr.pw/Ctn2L). Table A1 lists 
the study objective, response variables, study type, scientific databases searched, search strings and date, date of 
publication, inclusion/exclusion criteria and quality criteria. The SLRs were published in 2010, 2011, 2014, 2016 
and 2020, respectively. As shown in Table 1, there is a substantial difference across SLRs with respect to the number 
of primary studies, and two of the most recent SLRs conducted in 2014 (Mäkinen and Münch) and 2016 (Bissi et 
al.) include fewer primary studies (around half) than the SLR conducted in 2011. 
 

https://encr.pw/Ctn2L
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4.2. Overlaps and differences between SLRs 

In total, we identified 105 primary studies on TDD. Each primary study was referenced at least once. Table 2 
lists the articles referenced by two or more SLRs (unshaded cells) and, on the diagonal (grey-shaded cells), 
articles referenced by only one SLR. 
 

Table 2: Primary studies common to SLRs on TDD. 

 

Sfetsos & 

Stamelos 

[10] 

Turhan 
et al. [11] 

Kollanus 
[9] 

Causevic 
et al. [12] 

Mäkinen 

& Münch 
[13] 

Munir et 

al. [14] 

Bissi et al. 
[15] 

Abushama 

et al. [101] 

Sfetsos & 

Stamelos 

[10] 

[30] 

[24],[26], 

[27],[31], 

[32],[33], 

[35] 

 

[19],[21], 

[22],[23], 

[24],[25], 

[26],[27], 

[28],[29], 

[31],[32], 

[33],[34], 

[35],[36] 

[19],[20], 

[21],[24], 

[25],[26], 

[27],[28], 

[29],[31], 

[32],[34], 

[35] 

[19],[22], 

[26],[27], 

[28],[29], 

[32],[35] 

 

[19],[20], 

[22],[24], 

[25],[26], 

[27],[28], 

[29],[31], 

[32],[33], 

[34],[35] 

[19],[20], 

[23],[24], 

[25],[26], 

[28],[29], 

[32],[33], 

[34] 

 

[19],[24] 

Turhan et 
al. [11]  

[39],[41], 

[42],[43] 

[24],[26], 

[27],[31], 

[32],[33], 

[35],[37], 

[38],[40], 

[44],[45], 

[46],[47], 

[48],[49], 

[51] 

[24],[26], 

[27],[31], 

[32],[35], 

[37],[38], 

[40],[45], 

[46],[47], 

[48],[49] 

[26],[27], 

[32],[35], 

[37],[40], 

[46],[49] 

[24],[26], 

[27],[31], 

[32],[33], 

[35],[37], 

[38],[40], 

[44],[46], 

[47],[48], 

[49] 

[24],[26], 

[32],[33], 

[37],[40], 

[46],[48], 

[49],[50] 

[24],[37], 

[47] 

Kollanus 
[9]   

[53],[57], 

[59],[60], 

[62] 

[19],[21], 

[24],[25], 

[26],[27], 

[28],[29], 

[31],[32], 

[34],[35], 

[37],[38], 

[40],[45], 

[46],[47], 

[48],[49], 

[52],[55], 

[56],[58], 

[61] 

[19],[22], 

   [26],[27], 

[28],[29], 

[32],[35], 

[37],[40], 

[46],[49], 

[54],[55], 

[58] 

[19],[22], 

[24],[25], 

[26],[27], 

[28],[29], 

[31],[32], 

[33],[34], 

[35],[37], 

[38],[40], 

[44],[46], 

[47],[48], 

[49],[55], 

[58],[61] 

 

[19],[23], 

[24],[25], 

[37],[40], 

[26],[28], 

[29],[32], 

[33],[34], 

[46],[48], 

[49],[54], 

[55],[56], 

[58],[61] 

[19],[24], 

[37],[47], 

[54],[57] 
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Sfetsos & 

Stamelos 

[10] 

Turhan 
et al. [11] 

Kollanus 
[9] 

Causevic 
et al. [12] 

Mäkinen 

& Münch 
[13] 

Munir et 

al. [14] 

Bissi et al. 
[15] 

Abushama 

et al. [101] 

Causevic 
et al. [12]    

[63],[64], 

[65],[66], 

[68],[70], 

[71],[72], 

[73],[74], 

[75],[76], 

[77],[78], 

[79],[81], 

[82],[83], 

[84] 

[19],[26], 

[27],[28], 

[29],[32], 

[35],[37], 

[40],[46], 

[49],[55], 

[58],[80] 

[19],[20], 

[24],[25], 

[26],[27], 

[28],[29], 

[31],[32], 

[34],[35], 

[37],[38], 

[40],[46], 

[47],[48], 

[49],[55], 

[58],[61], 

[67],[69] 

[19],[20], 

[24],[25], 

[26],[28], 

[29],[32], 

[34],[37], 

[40],[46], 

[48],[49], 

[55],[56], 

[58],[61] 

[19],[24], 

[37],[47] 

Mäkinen 

& Münch 
[13] 

     

[19],[22], 

[26],[27], 

[28],[29], 

[32],[35], 

[37],[40], 

[46],[49], 

[55],[58], 

[85],[86], 

[87] 

[19],[26], 

[28],[29], 

[32],[37], 

[40],[46], 

[49],[54], 

[55],[58], 

[86] 

[19],[37], 

[47],[54], 

[87] 

Munir et  

al. [14] 
     

[89],[90], 

[91],[92], 

[93],[94], 

[96],[97], 

[98] 

[19],[20], 

[24],[25], 

[26],[28], 

[29],[32], 

[33],[34], 

[37],[40], 

[46],[48], 

[49],[55], 

[58],[61], 

[86],[88], 

[95] 

[19],[24], 

[37],[87], 

[95] 

Bissi et al. 
[15]       [99],[100] 

[19],[24], 

[37],[54], 
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Sfetsos & 

Stamelos 

[10] 

Turhan 
et al. [11] 

Kollanus 
[9] 

Causevic 
et al. [12] 

Mäkinen 

& Münch 
[13] 

Munir et 

al. [14] 

Bissi et al. 
[15] 

Abushama 

et al. [101] 

[95] 

Abushama 

et al. 
[101] 

       

[102],[103], 

[104],[105], 

[106],[107], 

[108],[109], 

[110],[111], 

[112],[113], 

[114],[115], 

[116],[117], 

[118],[119], 

[120],[121], 

[122],[123], 

[124] 

 
With respect to studies that appear in two or more SLRs, Kollanus [9] and Causevic et al. [12] share 25; Cau-
sevic et al. [12] and Munir et al. [14] share 24 studies, and Kollanus [9] and Munir et al. [14] also share 24 
studies. The overlap between SLRs is smaller in the case of Sfetsos and Stamelos [10] and Turhan et al. [11], 
which share only seven studies; Sfetsos and Stamelos [10] and Mäkinen and Münch [13], which share eight 
studies. There is very little intersection between the studies referenced by Abushama et al. [101] and other 
SLRs (fewer than seven matches in all cases). Strikingly, there is very little overlap between the primary studies 
included in the SLRs, which exhibit some sizeable differences. We have termed the primary studies that appear 
in only one SLR specific studies. Mäkinen and Münch [13] do not have any specific studies, all their primary 
studies overlap with other SLRs; Sfetsos and Stamelos [10] have one specific primary study, whereas Munir 
et al. [14] have nine, Causevic et al. [12] include 19 and Abushama et al. [101] reference 23 specific studies, 
respectively. 
 
Clearly, there are differences across the SLRs with respect to the studies that they include. These differences 
could influence the conclusions and results of the secondary studies. For the purpose of analysing the inclusion 
or exclusion of each of the primary studies in the SLRs, we built Table 3. Due to space restrictions, only an 
excerpt from Table 3 is included. The complete Table 3 can be found at https://acortar.link/JwvQxI. The SLRs 
are listed in the columns and the primary studies in the rows of Table 3. If the SLR includes the primary study, 
the reference number (or identifier, for example, S3) used in the SLR appears in the respective cell. In Turhan 
et al. [11], there is an X in place of the reference number, since the references are not numbered. We list the 
possible reasons why the primary study was not included in the SLR below: 
 
1. NEW: The primary study was published after the SLR. Some primary studies are not included in the SLRs 

because they were published after the SLR search date. 

2. OK: There is a proper reason for not including the article, which has nothing to do with the author of the 
SLR. Non-inclusion could be due one or more of the following reasons: (i) The primary study was not 
selected because it does not address the SLR response variable, for example, the SLR studies conformance 
and the primary study does not; (ii) Some primary studies are reported in more than one article, and SLRs 
generally do not include multiple reports; (iii) The primary study uses a research method that is not con-
sidered in the SLR, and it is, therefore, not included in the review. For example, the secondary study by 
Munir et al. [14] does not include experience reports; Turhan et al. [11] does not include questionnaires; 
Kollanus [9], Sfetsos and Stamelos [10], Causevic et al. [11] and Bissi et al. [15] do not include reviews; 
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only Bissi et al. [15] include simulations. None of the secondary studies include expert opinions. The 
exclusion of the article from the SLR is justified in all the above cases. 

3. SLR: The article is excluded on the grounds of the criteria used in the SLR. The author considered that 
the article does not comply with the inclusion criteria, for example, all the SLRs accept journal (JCR) or 
conference papers only, except Turhan et al. [11] who included technical reports and theses. 

4. NK: The grounds on which the authors did not include the primary study in their SLR are not known. 
 
As Table 3 shows, the letters EXP appear next to the reference to some of the studies included in the SLRs 
(these table cells are shaded grey). In our opinion, these studies should not have been included in the SLRs, 
because they do not focus on the TDD technique. For example, (i) they focus on TDD as technique for improv-
ing testing quality, (ii) they study how to improve agile development course teaching, or (iii) they examine the 
influence of TDD on the implementation of spreadsheets. Their inclusion appears to be the result of a wrong 
decision made by the SLR authors. We attempt to determine whether this affects their conclusions later. The 
last but one column of Table 3 states the grounds for article inclusion, and the far-right column notes on the 
reasons for article exclusion from the respective SLRs. Figure 1 is a bar graph that illustrates how many primary 
studies were included and the main reasons why the articles missing from SLRs were not included. We used 
the following nomenclature: 
 

1. REF: articles correctly referenced in the SLR. 
2. EXP: articles referenced by the SLR that do not, in our opinion, focus on TDD. 
3. SR: articles not included on grounds attributable to the SLR. 
4. OK: articles not included in the SLR on justified grounds. 
5. NK: articles not included for unknown reasons. 
6. NEW: articles not included because they were published after the SLR search date. 
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Table 3: Fragment of the studies included in the eight secondary studies. 

ID Author Research 
method Year [10] [11] [9] [12] [13] [14] [15] [101] Why was the article in-

cluded in the SLRs? 
Why was the article not included in 

the SLRs? 

[PS1] Abrahamsson et 
al. [63] 

Case 
study 2005 OK OK OK [8] OK OK OK OK 

The article conforms to Cau-
sevic et al. [12], which is the 
only SLR that contemplates 
measures of perception. 

The other SLRs do not include this 
study, as they do not accept perceptions 
on TDD. 

[PS2] Aniche & 
Gerosa [88] 

Question-
naire 2010 NEW NEW NEW NEW OK [72] [40] OK 

This article conforms to the 
SLRs by Munir et al. [14] and 
Bissi et al. [15], as they ac-
cept questionnaires. 

This article does not conform to 
Mäkinen and Münch [13] or Abushama 
et al. [101], as these secondary studies 
do not include questionnaires. 

[PS3] Aniche & 
Gerosa [99] 

Qualita-
tive study 2012 NEW NEW NEW NEW OK OK [38] OK 

Bissi et al. [15] include this 
article even though it is writ-
ten in a language other than 
English (Portuguese). 

This article does not conform to any 
SLR, as it is a study written in a lan-
guage other than English (Portuguese). 

[PS4] Bannerman & 
Martin [89] 

Case 
study 2011 NEW NEW NEW NEW OK [60] 

EXP OK OK 

Munir et al. [14] included this 
article, even though it does 
not focus on the TDD tech-
nique.  

This article does not conform to any 
SLR as it studies TWD (Test with De-
velopment), a technique that is based on 
but, strictly speaking, not TDD. 

[PS7] Bhat & Nagap-
pan [19] 

Case 
study 2006 [16] 

S3 OK [9] [9] [12] [64] [33] [44] 
The article conforms to most 
of the SLRs and is included in 
7 out of the 8 SLRs. 

Turhan et al.’s SLR [11] does not in-
clude this article but references another 
article that reports this study [PS81]. 

[PS8] Canfora et al. 
[37] 

Controlled 
experi-
ment 

2006 NK X [37] [11] [13] [43] [32] [7] The article conforms to 7 out 
of the 8 SLRs. 

It is not known why Sfetsos and Sta-
melos [10] did not include this article. 

[PS9] Canfora et al. 
[52] 

Experi-
ment 2006 OK OK [36] [10] OK OK OK OK 

Kollanus [9] and Causevic et 
al. [12] cite this duplicated 
reference. [PS8] and [PS9] re-
port the same study. 

The study was already reported in [PS8]. 

[PS10] Cao & Ramesh 
[64] 

Case 
study 2008 OK OK OK [12] 

EXP OK OK OK OK Causevic et al. [12] included 
this article that does not 

The study focuses on requirements ra-
ther than the TDD technique. 
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ID Author Research 
method Year [10] [11] [9] [12] [13] [14] [15] [101] Why was the article in-

cluded in the SLRs? 
Why was the article not included in 

the SLRs? 

appear to focus on the TDD 
technique.  

[PS14] Chien et al. [65] Experi-
ment 2008 OK OK OK [13] 

EXP 
OK OK OK OK 

Causevic et al. [12] included 
this article that does not ap-
pear to focus on the TDD 
technique. 

The study reported in this article evalu-
ates a TDD-based training method. 

[PS15] Crispin [90] Expert 
opinion 2006 OK OK OK OK OK [65] 

EXP OK OK 

Munir et al. [14] includes this 
article that does not appear to 
conform to the secondary 
studies. 

This study is not considered by the other 
SLRs, as it does not report results, it is 
an expert opinion. 
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As Figure 1 shows, 22, 20, 12, 12 and 32 primary studies were excluded on unknown grounds (NK) from the 
SLRs by Mäkinen and Münch [13], Bissi et al. [15], Sfetsos and Stamelos [10], Turhan et al. [11], and 
Abushama et al. [101], respectively. On the other hand, 26, 29, 24 and 24 primary studies were excluded on 
the grounds that they were published after the SLR search date (NEW) from SLRs by Sfetsos and Stamelos 
[10], Turhan et al. [11], Kollanus [9] and Causevic et al. [12], respectively. The SLRs by Causevic et al. [12] 
and Munir et al. [14] included eight and seven studies, respectively, that we believe should not have been 
included (EXP). The conditions of the SLR conducted by Causevic et al. [12] led to the exclusion of nine 
articles. The differences between the SLRs on TDD have different causes, where most are unknown (NK), and 
others depend on the SLR criteria.  
 

 

Figure 1: Number of primary studies included in or missing from the SLRs. 

 

5. Influence of the Differences on the Conclusions and Results of the SLRs 

For the purpose of analysing the stability of the conclusions and results with respect to the external quality and 
productivity response variables, we compared the following SLRs: (i) SLRs with similar objectives, (ii) SLRs 
with similar response variables, and (iii) all SLRs on TDD. 

 

5.1. Stability analysis of the conclusions and results of the SLRs with similar objectives 

According to the characteristics of the SLRs on TDD (Table A1 of Appendix A), the objectives of the SLRs 
differ. According to Sfetsos and Stamelos [10], their SLR aims to evaluate the empirical results with respect to 
the quality of agile practices. Turhan et al. [11] and Mäkinen and Münch [13] claim that their objective is to 
offer an updated overview of evidence on the impacts of TDD. Kollanus [9] specifies that his objective is to 
analyse current empirical evidence on the effects of TDD, whereas Bissi et al. [15] aim to analyse the conclu-
sions of articles addressing the effects of TDD. Munir et al. [14] investigate what changes rigour and relevance 
bring about in SLR conclusions. Causevic et al. [12] claim that they set out to identify the factors limiting the 
adoption of TDD. Abushama et al. [101] define their objective as determining the impact of the use of TDD 
and BDD on project success factors. The SLRs by Turhan et al. [11] and Mäkinen and Münch [13] have com-
mon objectives, namely, both offer a full overview of the evidence of the effects of TDD, in both studies this 
objective has been written explicitly and coincidentally. In this study, we analyse the stability of the results and 
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conclusions considering that the secondary studies have similar objectives and differences with respect to the 
primary studies that they include. 
 
5.1.1. Comparison of SLRs with similar objectives 
Table 4 shows the characteristics of the SLRs by Turhan et al. [11] and Mäkinen and Münch [13], and the last 
column specifies their differences. Although the objectives are similar, we find that the SLRs differ in terms 
of the type of studies included. For instance, Turhan et al. [11] include technical reports and theses, whereas 
Mäkinen and Münch [13] do not. Each SLR has particular inclusion criteria and neither details the exclusion 
criteria. Finally, there are differences with regard to the response variables (Table 4, column 4). 
 
For the purpose of this comparison, we considered that the primary studies [PS8] and [PS9] report the same 
study. Therefore, only one of the two was taken into account. The same applies to [PS16] and [PS17]; [PS23] 
and [PS24]; [PS35], [PS36] and [PS37]; [PS38] and [PS39]. With regard to the publication dates of the SLRs, 
there is a difference of four years. On this ground, primary studies included in Mäkinen and Münch’s SLR [13] 
that were published later than March 2009 were excluded from the comparison. These are: (i) the experiments 
by Desai et al. [22], Madeyski [58], and Pancur and Ciglaric [86]; (ii) the case study by Dogša and Batić [85]; 
and (iii) the quasi experiment by Wilkerson et al. [87]. 
 

Table 4: Characteristics of the SLRs with similar objectives. 

 Turhan et al. [11] Mäkinen & Münch [13] Turhan et al. [11] vs. 
Mäkinen & Münch [13] 

Objective Provide an overview of the current 
evidence on TDD impacts. 

Gain an overview of the observed 
effects of TDD. They are similar. 

Response 
variables 

Internal software quality (complex-
ity, reuse, coupling, cohesion), ex-
ternal quality and productivity, test 
quality (test coverage, test density, 
test productivity, test effort). 

Defects, code coverage, code 
complexity, coupling, cohesion, 
size, effort, external quality, 
productivity, maintainability. 

Mäkinen & Münch [13] 
include size, effort and 
maintainability. Turhan et 
al. [11] include reuse, test 
density, test productivity 
and test effort. 

Study types Controlled experiments, pilot study, 
commercial projects in industry. Experiments, case studies. They are similar. 

Digital  

libraries 

ACM, IEEE, Elsevier and grey lit-
erature (technical reports, thesis). IEEE, ACM, Springer, Elsevier. 

Turhan et al. [11] include 
technical reports and the-
ses. 

Search 
strings 

Unspecified, but they do state that 
they include official variants of 
TDD like: ATDD (acceptance-test- 
driven development), BDD and 
STDD (story-test-driven develop-
ment). 

Test driven development, test 
driven, test first programming 
and test first. 

They are not specified by 
Turhan et al. [11]. 

Search date First quarter of 2009 2012 

Studies published later 
than the first quarter of 
2009 included in 
Mäkinen & Münch [13] 
were not taken into ac-
count in this study. 

Date of 
publication 2010 2014 

Mäkinen & Münch [13] 
published 4 years after 
Turhan et al. [11]. 

Inclusion 
criteria 

We infer that they consider study 
quality, including design, setting, 
participants, treatments, controls 
and results. 

The main criterion was whether 
the publication included the em-
pirical results of test-based devel-
opment and reported industrial or 
academic results. 

They each use their own 
inclusion criteria. 
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 Turhan et al. [11] Mäkinen & Münch [13] Turhan et al. [11] vs. 
Mäkinen & Münch [13] 

Exclusion 
criteria 

Multiply reported articles. They of-
fer no further information on the 
exclusion criteria. 

They used publication quality and 
overall relevance as exclusion 
criteria in some cases. 

Exclusion criteria are not 
detailed in either case. 

 
We find that Turhan et al. [11] select 21 articles, whereas Mäkinen and Münch [13] include 13 articles. Only 
nine of the articles in the two SLRs are the same, whereas Turhan et al. [11] have 12 and Mäkinen and Münch 
[13] have four specific articles, respectively. Only nine articles (36%) included in the two SLRs are the same, 
and the remaining 64% articles are specific to each of the SLRs. Although the SLRs have similar objectives, 
the overlap is 36% (which we consider to be a poor overlap). 
 
Table 5 shows the differences with regard to the selected primary studies. The last two columns specify why 
the articles were not included in each of SLRs. Looking at the last column of Table 5, we find that the main 
difference is that Mäkinen and Münch’s SLR [13] did not include seven experiments and two case studies that 
were selected by Turhan et al. [11]. 
 

Table 5: Differences between the SLRs with similar objectives with respect to the included studies. 

ID Author Turhan et 
al. [11] 

Mäkinen & 
Münch [13] 

Studies not included 
in [11] 

Studies not included in 
[13] 

[PS8] Canfora et al. [37] X [13]   

[PS25] Erdogmus et al. [24] X NK  

It is not known why this ex-
periment on quality and 
productivity was not in-
cluded. 

[PS29] Flohr & Schneider 
[38] X NK  

It is not known why this ex-
periment on productivity 
was not included. 

[PS35] 
/ 

[PS36] 

[39] 

/ 

[54] 

X 

---  

/ 

 [15] 

  

[PS38] 

/ 

[PS39] 

Geras et al. [40] 

/ 

Geras [41] 

X  

/  

X 

[16]  

/ 

 --- 

  

[PS40] Gupta & Jalote [26] X [24]   

[PS44] Huand & Holcombe 
[27] X [25]   

[PS46] Janzen & Saiedian 
[55] NK [26] 

It is not known why 
this experiment on 
productivity was not 
included. 

 

[PS48] Janzen [42] X OK  

The decision not to include 
this PhD thesis appears to 
be correct as it is not a re-
search paper. 

[PS52] Janzen & Saiedian 
[28] NK [20] 

It is not known why 
this case study on the 
impact of TDD on 
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ID Author Turhan et 
al. [11] 

Mäkinen & 
Münch [13] 

Studies not included 
in [11] 

Studies not included in 
[13] 

internal quality was 
not included. 

[PS55] Kaufmann & Janzen 
[43] 

X  

EXP 
NK  

The decision not to include 
this case study that evalu-
ates internal quality and 
productivity appears to be 
correct as it is a 2-page arti-
cle. 

[PS66] Madeyski [44] X NK  

It is not known why this ex-
periment that evaluates ex-
ternal quality was not in-
cluded. 

[PS67] Madeyski [45] X NK  

It is not known why this ex-
periment that evaluates ob-
ject-oriented design was not 
included. 

[PS69] Madeyski & Szala 
[46] X [21]   

[PS73] Maximilien & Wil-
liams [29] NK [17] 

It is not known why 
this case study that 
evaluates external 
quality was not in-
cluded. 

 

[PS78] Müller & Hagner 
[31] X NK  

It is not known why this ex-
periment that evaluates test 
case reliability was not in-
cluded. 

[PS79] Müller & Höfer [80] NK [22] 

It is not known why 
this quasi experiment 
that evaluates test 
quality was not in-
cluded. 

 

[PS7] 

/ 
[PS81] 

Nagappan et al. [32] 

/ 

Bhat & Nagappan 
[19] 

X  

/  

X 

[18]  

/  

[12] 

  

[PS82] Pancur et al. [33] X NK  

It is not known why this ex-
periment that evaluates ex-
ternal quality was not in-
cluded. 

[PS94] Siniaalto & Abra-
hamsson [47] X NK  

It is not known why this 
case study that evaluates in-
ternal quality was not in-
cluded. 

[PS95] Slyngstad et al. [48] X NK  

It is not known why this 
case study that evaluates 
TDD on framework devel-
opment was not included. 
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ID Author Turhan et 
al. [11] 

Mäkinen & 
Münch [13] 

Studies not included 
in [11] 

Studies not included in 
[13] 

[PS98] Vu et al. [49] X [29]   

[PS101] Williams et al. [35] X [19]   

[PS103] Yenduri & Perkins 
[50] X NK  

It is not known why this 
case study that evaluates in-
ternal quality and produc-
tivity was not included. 

[PS105] Zhang et al. [51] X NK  

It is not known why this ex-
periment that studies sev-
eral response variables was 
not included, possibly be-
cause it is a 2-page report. 

 
5.1.2. Stability of the conclusions and results of SLRs with similar objectives  
Having identified the differences between the SLRs, we analysed the differences in the conclusions and results. 
Table 6 shows the differences with respect to the quality (QLTY) and productivity (PROD) response variables. 
Turhan et al.’s conclusions [11] suggest that the evidence is not consistent with respect to either of the 
measures. Mäkinen and Münch [13] claim that TDD may reduce the number of defects, although development 
time may be longer. The conclusions of the SLRs with respect to quality and productivity appear to be different. 
The conclusions of the SLRs with similar objectives may be influenced by the authors’ opinion with respect to 
the resulting evidence. Looking at Table 6, we find that Turhan et al. [11] state that 13 out of the 22 studies 
(59%) report an improvement in external quality, whereas the percentage calculated by Mäkinen and Münch 
[13] is 66%. The results for external quality are similar, and they both claim that TDD use improves external 
quality. As regards the effect of TDD on productivity, the results of the SLRs are again consistent: both suggest 
that the results are inconclusive. Although there are sizeable differences between the SLRs with similar objec-
tives, we find that the results of the secondary studies on TDD are stable. 
 

Table 6: Comparison of the conclusions and results of SLRs with similar objectives. 

 Turhan et al. [11] Mäkinen & Münch [13] up 
until 2009 

Turhan et al. [11] vs. 
Mäkinen & Münch [13] up 

until 2009 

QLTY 

CONCLU-
SION 

There are many question marks sur-
rounding the impacts of TDD. The 
evidence with respect to the impacts 
of TDD is not consistent for any of 
the measures. 

TDD may reduce the number of 
defects. 

There are differences. 
Turhan et al. [11] state that 
the evidence is not consistent 
with respect to any of the 
measures. Mäkinen & Münch 
[13] state that TDD can re-
duce the number of defects. 

PROD 

CONCLU-
SION 

There are still many question marks 
surrounding the impacts of TDD. 
The evidence with respect to the 
impacts of TDD is not consistent 
for any of the measures. 

While code maintenance may 
be faster, development time 
may be longer. 

There are differences. 
Turhan et al. [11] state that 
the evidence is not consistent. 
Mäkinen & Münch [13] state 
that development may take 
longer. 

QLTY 

RESULTS 

In 13 out of 22 studies, TDD im-
proves external quality (59%). In 3 
studies, TDD reduces external qual-
ity. The results are inconclusive or 
no different in 6 studies. 

The SLR evaluates the effect of 
TDD on defect reduction. We 
find that TDD reduces defects 
in 4 studies (66%), whereas 2 
are inconclusive. 

Results are similar with re-
spect to quality improvement 
in several studies and the 
presence of inconclusive re-
sults. 

QLTY 

RESULTS - 
Case Studies 

The author indicates that pilot and 
industry studies suggest that TDD 
produces better external quality. 

The author indicates that sev-
eral industrial cases studies 
show a relatively large reduc-
tion in defects (It is noted that 

Similar results, TDD im-
proves external quality. 
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 Turhan et al. [11] Mäkinen & Münch [13] up 
until 2009 

Turhan et al. [11] vs. 
Mäkinen & Münch [13] up 

until 2009 

all 4 case studies suggest that 
TDD reduces defects). 

QLTY 

RESULTS - 
Experiments 

The authors state that the results of 
the controlled experiments are in-
conclusive. Out of 6 experiments, 3 
are inconclusive, TDD improves 
quality in 1, and quality drops in 2. 

The authors state that, in the ex-
periments reported in the SLR, 
TDD did not produce better re-
sults than other development 
methods (there are no differ-
ences between the effects of 
TDD in 2 experiments). 

Mäkinen and Münch [13] ref-
erence only 2 experiments 
compared to the 6 experi-
ments referenced by Turhan 
et al. [11]. The results are 
similar. 

PROD 

RESULTS 

TDD does not have a consistent im-
pact on productivity. 

The results are found not to be 
inconclusive. TDD reduces 
productivity in 2 studies, and 
the other 8 are inconclusive. 

Results are similar. 

PROD 

RESULTS - 
Case Studies 

The pilot studies return mixed evi-
dence. The industrial studies sug-
gest that TDD leads to lower 
productivity. 

No case studies were taken into 
account. 

Mäkinen & Münch [13] do 
not have case studies for com-
parison. 

PROD 

RESULTS -  
Experiments 

The authors state that the evidence 
from the controlled experiments 
suggests that TDD use improves 
productivity. Of the referenced con-
trolled experiments, 3 suggest that 
productivity increases with TDD 
use, whereas there is no difference 
in 1 experiment. 

They find that the results are in-
conclusive. TDD reduces 
productivity in 2 experiments, 
and the results are inconclusive 
in 6 experiments. 

Contradictory results. 
Turhan et al. [11] suggest an 
improvement in productivity, 
whereas Mäkinen & Münch 
[13] state that the results are 
inconclusive. 

 
Most of the SLRs report results classified by research method, that is, they describe the results of the observed 
effect in experiments on the one hand and the effect observed by case studies on the other. This applies to 
Sfetsos and Stamelos [10], Turhan et al. [11], Kollanus [9] and Bissi et al. [15]. We analyse the stability of the 
results classified by research method (case studies and experiments) below. With regard to the results classified 
by case studies, both of the above SLRs agree, according to Table 6, that TDD improves external quality, that 
is, the results are stable. With regard to productivity, Mäkinen and Münch [13] do not describe any case studies 
on productivity, and, therefore, the results are not comparable. With regard to the results classified by experi-
ments, both SLRs with similar objectives agree that TDD improves external quality, that is, the results are 
stable (see Table 6). With respect to productivity, Turhan et al. [11] state that TDD improves productivity, 
whereas Mäkinen and Münch [13] report inconclusive results with respect to the effects of TDD on productiv-
ity. The results of the SLRs with similar objectives classified by experiments report differences with regard to 
productivity. The results appear to be influenced by the inclusion criteria used by authors of SLRs. 
 
5.2. Analysis of the stability of the conclusions and results of the SLRs with similar response variables 

The SLRs on TDD study the effects on different response variables. Sfetsos and Stamelos [10] investigate the 
effect of TDD on quality. Turhan et al. [11] analyse the impacts of TDD on internal/external quality, produc-
tivity and test quality. Kollanus [9] and Bissi et al. [15] study the impacts of TDD on productivity and exter-
nal/internal quality. Munir et al. [14] analyse the impact of TDD on quality, developer opinion, conformance, 
size, robustness and productivity. Causevic et al. [12] consider the development time, experience/knowledge, 
design, refactoring, test skills, adherence, code quality, cost, code coverage, complexity, feedback time, domain 
and specific tools, code size, perceptions, communication and (customer) collaboration, legacy code, defect 
reproduction and documentation response variables. Abushama et al. [101] analyse the impacts of TDD on 
time, cost, customer satisfaction and external quality. For the purpose of analysing the stability of the conclu-
sions and SLRs with similar response variables, we used the studies by Kollanus [9] and Bissi et al. [15]. Both 
SLRs analyse the impact of TDD on the response variables: productivity and internal/external quality. We 
focus on the stability of the conclusions with respect to external quality and productivity. 
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5.2.1. Comparison between SLRs with similar response variables 
Table 7 shows a comparison of the general characteristics of the SLRs by Kollanus [9] and Bissi et al. [15]. 
There are several differences which are described in the last column of Table 7. The publication year of the 
SLR by Bissi et al. [15] is 2014, whereas Kollanus [9] published in 2010. For the purposes of comparison, we 
did not include the following articles referenced by Bissi et al. [15], which were published after the date of 
Kollanus' search [9]: (i) the survey by Aniche and Gerosa [88], which analyses external quality; (ii) the quali-
tative study by Aniche and Gerosa [99], which analyses internal quality; and (iii) the experiment by Pancur 
and Ciglaric [86], which studies quality and productivity. With respect to the primary studies reported in more 
than one article: the primary study by Bhat and Nagappan [PS7] referenced by Kollanus [9] is also reported in 
Nagappan et al. [PS81]. The primary study by Geras et al. [40] is also reported in Geras et al. [PS38] and the 
thesis by Geras [PS39]. Canfora et al. [PS9] cited by Kollanus [9] is part of Canfora et al. [PS8]. Edwards 
[PS24] reports the same study as Edwards [PS23], as do George and Williams [PS36] and George and Williams 
[PS37]. Damm and Lundberg [PS16] and Damm and Lundberg [PS17] also report the same study. For the 
purposes of this comparison, we consider only one of each of these reports. 
 

Table 7: Characteristics of the SLRs with similar response variables. 

 Kollanus [9] Bissi et al. [15] Kollanus [9] vs. Bissi et 
al. [15] 

Objective Analyse current empirical evidence 
on TDD. 

Analyse the conclusions of arti-
cles about the effects of TDD. 

The objectives are re-
lated. 

Response 
variables 

Productivity, internal quality, exter-
nal quality 

Internal/external software quality 
and productivity. Similar. 

Study types Experiments, case studies and sur-
veys. 

Experiments, case studies, sur-
veys and simulations. 

Bissi et al. [15] include 
simulations. 

Digital  

libraries 
ACM, IEEE, Springer. ACM, IEEE, CiteSeerx, Science 

Direct and Wiley. Similar. 

Search 
strings 

“TDD” and “test-driven develop-
ment”. 

Software Engineers, Software 
Developers, Programmers — 
Test Driven Development, Test-
Driven Development, TDD, Test 
First Development. — Code 
Quality, Quality Improvement, 
Design Improvement, Improved 
Software Development, Internal 
Quality, External Quality, 
Productivity. 

Bissi et al. [15] include 
more synonyms. 

Search date Not specified. 

IEEE Xplore 18/12/2014 Sci-
enceDirect 18/12/2014 

ACM Digital Library 19/12/2014 

CiteSeerx 20/12/2014 

Wiley Online Library 20/12/2014 

Kollanus [9] does not 
specify the search date 
but includes articles pub-
lished up until 2009. 

Date of 
publication 

September 2010 (paper submitted 
11 April 2010). 

Accepted: 15 February 2016. 
Available online: 24 February 
2016. 

Bissi et al. [15] published 
6 years after Kollanus 
[9]. 

Inclusion 
criteria 

Articles that include any sort of 
empirical evidence on TDD. In an 
optimal situation, high quality stud-
ies should be selected, but the 

The full text of the articles must 
accessible, and the articles should 
have been published in scientific 
format (journals or conference 
proceedings). The articles must 

Bissi et al. [15] specify 
more inclusion criteria 
than Kollanus [9]. 
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 Kollanus [9] Bissi et al. [15] Kollanus [9] vs. Bissi et 
al. [15] 

research reports offer limited infor-
mation in this case. 

report results on TDD practice in 
software development. They must 
properly describe the setting in 
which the research was con-
ducted. The results must be based 
on a clear measurement criterion. 

Exclusion 
criteria 

Articles that do not study TDD. Ar-
ticles that address ATDD or related 
concepts. Articles on XP that do 
not address TDD. Publications that 
are not research articles. Confer-
ence proceedings were regarded as 
research articles, but IEEE Soft-
ware short papers were excluded. 

Multiple reports. Articles not re-
lated to TDD practice in software 
development. SLRs on TDD 
practice. Articles not written in 
English. Articles not published in 
academic format. Articles whose 
full text is not accessible. 

Bissi et al. [15] provide 
more specific exclusion 
criteria. 

 
Kollanus [9] selects 34 articles, whereas Bissi et al. [15] include 23 articles in their SLR. These SLRs have 20 
articles in common, Kollanus [9] has 14 specific articles and Bissi et al. [15] has only 3 specific articles. There 
is a 54% overlap, which is equivalent to the articles reviewed by both SLRs, and the remaining 46% are articles 
that are specific to one or other of the SLRs. The SLRs with similar response variables have more articles in 
common (54%) (that is, there is a bigger overlap) than the SLRs with similar objectives (36%). The SLRs with 
similar response variables are more repeatable than the SLRs with similar objectives. Table 8 shows the dif-
ferences between the SLRs by Kollanus [9] and Bissi et al. [15] with respect to the selected studies. The last 
two columns list the reasons why each of the articles were not included in each SLR. The major differences 
between the two SLRs are: (i) five experiments and three case studies that appear in Kollanus [9] are missing 
in Bissi et al. [15], and (ii) Kollanus [9] includes six primary studies 
([PS65][PS67][PS84][PS85][PS94][PS105]), which, in our opinion, do not focus on the TDD technique. 
 

Table 8: Differences between the SLRs with similar response variables with respect to the selected studies. 

ID Author Kollanus 
[9] 

Bissi et al. 
[15] 

Studies not included 
in [9] Studies not included in [15] 

[PS7] Bhat & Nagappan 
[19] [9] [33]   

[PS8] 

Canfora et al. [37]  

/ 

Canfora [52] 

[37]  

/  

[36] 

[32]   

[PS16] / 
[PS17] 

Damm & Lundberg 
[20]  

/ 

Damm & Lundberg 
[21] 

--- 

/  

[28] 

[41]  

/ 

--- 

  

[PS19] Desai et al. [22] [34] NK  
It is not known why this ex-
periment on QLTY and 
PROD was not included. 

[PS23] / 
[PS24] 

Edwards [23]  

/ 

Edwards [53] 

[32]  

/  

[7] 

[30]  

/ 

--- 

  

[PS25] Erdogmus et al. [24] [5] [36]   
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ID Author Kollanus 
[9] 

Bissi et al. 
[15] 

Studies not included 
in [9] Studies not included in [15] 

[PS29] Flohr & Schneider 
[38] [40] NK  

It is not known why this ex-
periment on PROD was not 
included. 

[PS37] / 
[PS36] 

George & Williams 
[25]  

/ 

George [54] 

18]  

/ 

[47] 

22]  

/  

[24] 

  

[PS38] Geras et al. [40] [44] [21]   

[PS40] Gupta & Jalote [26] [19] [23]   

[PS44] Huang & Holcombe 
[27] [20] NK  

It is not known why this ex-
periment on QLTY and 
PROD was not included. 

[PS46] Janzen & Saiedian 
[55] [6] [35]   

[PS49] Janzen et al. [56] [45] [29]   

[PS51] Janzen & Saiedian 
[95] NK [31] 

It is not known why 
this experiment on 
PROD was not in-
cluded. 

 

[PS52] Janzen & Saiedian 
[28] [10] [26]   

[PS65] Lui & Chan [57] 
[30]  

EXP 
OK  

The authors appear to be right 
not to include this 4-page ar-
ticle reporting a case study 
that studies the effect of TDD 
on team performance. 

[PS66] Madeyski [44] [23] NK  

It is not known why this ex-
periment that focuses on both 
TDD and pair programming 
was not included, as it reports 
quality-related results. 

[PS67] Madeyski [45] [38] OK  

The authors appear to be right 
not to include this experiment 
focused on the effect of TDD 
on software design. Bissi et 
al. [15] do not study this re-
sponse variable. 

[PS69] Madeyski & Szala 
[46] [31] [43]   

[PS71] Madeyski [58] [39] [42]   

[PS73] Maximilien & Wil-
liams [29] [24] [25]   

[PS78] Müller & Hagner [31] [22] NK  

It is not known why this ex-
periment that studies the im-
pact of TDD on productivity 
and quality was not included. 

[PS81] Nagappan et al. [32] [8] [44]   
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ID Author Kollanus 
[9] 

Bissi et al. 
[15] 

Studies not included 
in [9] Studies not included in [15] 

[PS82] Pancur et al. [33] [21] [28]   

[PS84] Rahman [59] 
[33]  

EXP 
OK  

The authors appear to be right 
not to include this 2-page ar-
ticle that reports a case study 
because it focuses on TBC (a 
method based on TDD) and 
not on TDD. 

[PS85] Rendell [60] [41] OK  
The authors appear to be right 
not to include this experience 
report. 

[PS89] Sanchez et al. [34] [26] [37]   

[PS93] Siniaalto & Abra-
hamsson [61] [42] [20]   

[PS94] Siniaalto & Abra-
hamsson [47] [43] OK  

The authors appear to be right 
not to include this case study 
on the effect of TDD on de-
sign. Bissi et al. [15] do not 
study this response variable. 

[PS95] Slyngstad et al. [48] [25] [39]   

[PS97] Turnu et al. [100] OK [34] Kollanus [9] does not 
include simulations.  

[PS98] Vu et al. [49] [46] [27]   

[PS101] Williams et al. [35] [27] NK  

It is not known why this case 
study that studies the impact 
of TDD on external quality 
was not included. 

[PS102] Xu & Li [62] [35] NK  

It is not known why this case 
study that studies the impact 
of TDD on productivity and 
external quality was not in-
cluded. 

[PS103] Yenduri & Perkins 
[50] NK [45] 

It is not known why 
this case study that 
studies the impact of 
TDD on internal and 
external quality and 
productivity was not 
included. 

 

[PS104] Ynchausti [36] [29] NK  
It is not known why this case 
study on quality and produc-
tivity was not included. 

[PS105] Zhang et al. [51] [48] OK  

The authors appear to be right 
not to include this 2-page ar-
ticle that reports an experi-
ment. The experiment fo-
cuses on several response 
variables, including produc-
tivity. 

 
5.2.2. Stability of the conclusions and results of SLRs with similar response variables 
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Having identified the differences between the SLRs with similar response variables, we analysed the stability 
of the conclusions and results with respect to quality and productivity. As Table 9 shows, the conclusions on 
productivity are similar for the two SLRs. With regard to the quality study, Kollanus [9] and Bissi et al. [15] 
also concluded that TDD has a positive impact. The conclusions suggest that TDD may improve external qual-
ity, and there is moderate evidence of decreased productivity. The conclusions of the SLRs with similar re-
sponse variables are stable. 
 

Table 9: Comparison of the conclusions and results of SLRs with similar response variables. 

 Kollanus [9] Bissi et al. [15] up until 2009 
Kollanus [9] vs. Bissi 

et al. [15] up until 
2009 

QLTY 

CONCLU-
SION 

TDD might improve external qual-
ity. However, it is questionable 
whether TDD is the factor that re-
ally explains the results. 

Most of the studies suggest an 
increase in external quality. 

Conclusions are simi-
lar. 

PROD 

CONCLU-
SION 

There is moderate evidence of de-
creased productivity with TDD. 

Of the studies, 44% suggest a 
decrease in productivity using 
TDD. 

Conclusions are simi-
lar. 

QLTY 

RESULTS 

The author states that TDD might 
improve external quality. A total of 
16 out of the 22 studies (i.e., 72%) 
suggest that TDD improves exter-
nal quality. 

According to the article and 
considering studies up until 
2009, 75% of the studies iden-
tify a significant increase in ex-
ternal quality. 

Results are similar. 

QLTY 

RESULTS - 
Case Studies 

The author states that most of the 
case studies quite consistently re-
port better external quality after the 
implementation of TDD (13 fa-
vourable to TDD, 1 no difference). 

Based on the report in the arti-
cle, all the case studies, 5 in to-
tal, suggest that TDD increases 
external quality. 

Results are similar. 

QLTY 

RESULTS - 
Experiments 

The author states that there is no 
difference in most of the controlled 
experiments. TDD increases quality 
in 2 experiments, there is no differ-
ence in 4 experiments, and TDD re-
duces quality in 1 experiment. 

TDD increases external quality 
in 6 experiments, there is no dif-
ference in 1 experiment, and 
TDD decreases quality in 1 ex-
periment. 

Results are similar. 

PROD 

RESULTS 

The author indicates that, on the 
whole, the studies suggest that 
TDD either increases the required 
development effort (11) or there is 
not difference in the effect (7). 
(TDD is found to increase produc-
tivity in 5 studies). 

Based on the article, considering 
all the studies up until 2009, 
47% of the studies suggest that 
productivity is lower using TDD 
than TLD (test last develop-
ment). 

Results are similar. 

PROD  

RESULTS –  

Case Studies 

The author states that case study re-
sults are more consistent. Of all the 
case studies, 8 report decreased 
productivity and 2 do not find any 
difference. 

Based on the classification of 
experiments and case studies in 
the article, we calculated that 
TDD improves productivity in 2 
studies, there is no difference in 
1, and TDD decreases produc-
tivity in 3 studies. 

Results are different. 

PROD  

RESULTS - 
Experiments 

The author states that most of the 
controlled experiments output dif-
ferent results. 

The experiments output contra-
dictory results. TDD improves 
to productivity in 2 experiments, 
there is no difference in 4 exper-
iments, and productivity drops 
in 4 experiments. 

Results are similar. 
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As regards the results for external quality, 72% of the primary studies included by Kollanus [9] result in im-
proved quality, whereas 75% of the studies referenced by Bissi et al. [15] indicate increased quality. The results 
of both SLRs suggest that TDD improves external quality. With respect to productivity, Kollanus [9] states 
that TDD might increase the required development effort, whereas Bissi et al. [15] estimate that productivity 
drops with TDD use in 47% of the studies. The results of both SLRs are similar. Although there are differences 
regarding the articles included in the SLRs with similar response variables, we observe that the results are 
stable with respect to quality and productivity. The SLRs by Kollanus [9] and Bissi et al. [15] classify the 
studies by research method. Kollanus [9] reports results by experiments and case studies. In the following, we 
analyse the stability of the results classified by research method: experiments and case studies. With respect to 
case studies, external quality improves with the use of TDD in both SLRs. Considering case studies alone, the 
results are similar for SLRs with similar response variables. The case studies referenced in Kollanus [9] suggest 
that TDD reduces productivity, whereas the case studies referenced in Bissi et al. [15] output contradictory 
results (TDD improves productivity in two cases studies, there is no difference in another, and quality drops 
with the use of TDD in the other three studies). Taking into account case studies only, the results of the SLRs 
with similar response variables with regard to productivity differ.  
 
Looking at the results for experiments, Kollanus [9] states that most of the controlled experiments suggest that 
there is no difference in the results for quality, whereas the experiments considered in Bissi et al. [15] suggest 
that TDD improves quality. Considering experiments only, the results of the SLRs with similar response vari-
ables differ with regard to external quality. In the SLRs by Kollanus [9] and Bissi et al. [15], we find that the 
results of the experiments with respect to the effects of TDD on productivity are contradictory. With respect to 
productivity, the results for experiments reported in the SLRs with similar response variables are similar. An-
alysing the stability of the results classified by research method —case studies and experiments—, the results 
may differ. These results depend on the inclusion criteria used by the authors to select experiments and case 
studies for their SLRs. 
 
5.3. Stability analysis of the conclusions and results with respect to all the SLRs that study TDD 

This analysis took into account all eight SLRs on TDD. We carried out a comparison to identify their overlaps 
and differences. We then analysed the stability of the conclusions and results. 
 
5.3.1. Comparison of SLRs 
As specified in Section 4.1, the SLRs have different dates of publication ranging from 2010 to 2020. The first 
SLRs on TDD were conducted by Sfetsos and Stamelos [10] and Turhan et al. [11], which included primary 
studies published up until the year 2009. The other five publications [12][13][14][15][101] appeared later, and, 
for the sake of comparability, we consider only the primary studies published up until 2009. Figure 2 shows 
the number of primary studies by SLR. The primary studies published up until 2009 (primary studies consid-
ered in the analysis) are shaded blue and the studies published later than 2009 are shaded red. As Figure 2 
shows, even though the analysis only accounts for contemporary primary studies, there are still substantial 
differences with respect to the number of articles included in the SLRs. 
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Figure 2: Number of primary studies published up until 2009 by SLR. 

 
In order to highlight the studies that the SLRs have in common, we built Table 10. The SLRs with the biggest 
overlap in terms of studies are Causevic et al. [12] and Kollanus [9], which share 24 articles, Causevic et al. 
[12] and Munir et al. [14], which share 23 studies, and Kollanus [9] and Munir et al. [14], which share 23 
studies. The SLRs with the smallest overlap in terms of studies are: Sfetsos and Stamelos [10] and Turhan et 
al. [11], which share seven articles, Sfetsos and Stamelos [10] and Mäkinen and Münch [13], which share eight 
studies, like Turhan et al. [11] and Mäkinen and Münch [13]. Abushama et al. [101] has the least number of 
studies in common with the other SLRs. Table 10 shows the specific studies that appear in only one SLR 
(shaded grey). At one end of the scale, Mäkinen and Münch [13] have no specific studies, and all their articles 
are shared with other SLRs, and Sfetsos and Stamelos [10] have one specific study. At the other end of the 
scale, Causevic et al. [12] have 17 and Munir et al. [14] have 6 specific studies, respectively, which suggests 
that the authors used different inclusion criteria to select the primary studies. Figure 3 shows the percentage of 
primary studies specific to each SLR and the number of primary studies shared by more than one SLR (2, 3, 4, 
5, 6, 7 and 8 SLRs). Of the primary studies, 51% are referenced in only one SLR (Figure 3), whereas 49% are 
shared by two or more SLRs. None of the primary studies were included in all eight SLRs. 
 

Table 10: Primary studies (up until 2009) shared by the SLRs on TDD. 

 

Sfetsos & 

Stamelos 

[10] 

Turhan 
et al. [11] 

Kollanus 
[9] 

Causevic 
et al. [12] 

Mäkinen 

& Münch 
[13] 

Munir et 

al. [14] 

Bissi et al. 
[15] 

Abushama 

et al. [101] 

Sfetsos & 

Stamelos 

[10] 

[30] 

[24],[26], 

[27],[31], 

[32],[33], 

[35] 

 

[19],[21], 

[22],[23], 

[24],[25], 

[26],[27], 

[28],[29], 

[31],[32], 

[33],[34], 

[35],[36] 

[19],[20], 

[21],[24], 

[25],[26], 

[27],[28], 

[29],[31], 

[32],[34], 

[35] 

[19],[22], 

[26],[27], 

[28],[29], 

[32],[35] 

 

[19],[20], 

[22],[24], 

[25],[26], 

[27],[28], 

[29],[31], 

[32],[33], 

[34],[35] 

[19],[20], 

[23],[24], 

[25],[26], 

[28],[29], 

[32],[33], 

[34] 

 

[19],[24] 

Turhan et 
al. [11]  

[39],[41], 

[42],[43] 

[24],[26], 

[27],[31], 

[32],[33], 

[35],[37], 

[38],[40], 

[44],[45], 

[46],[47], 

[48],[49], 

[51] 

[24],[26] 

[27],[31] 

[32],[35] 

[37],[38], 

[40],[45], 

[46],[47], 

[48],[49] 

[26],[27], 

[32],[35], 

[37],[40], 

[46],[49] 

[24],[26], 

[27],[31], 

[32],[33], 

[35],[37], 

[38],[40], 

[44],[46], 

[47],[48], 

[49] 

[24],[26], 

[32],[33], 

[37],[40], 

[46],[48], 

[49],[50] 

[24],[37], 

[47] 

Kollanus 
[9]   

[53],[57], 

[59],[60] 

[19],[21], 

[24],[25], 

[26],[27], 

[28],[29], 

[31],[32], 

[19],[22], 

[26],[27], 

[28],[29], 

[32],[35], 

[37],[40], 

[19],[22], 

[24],[25], 

[26],[27], 

[28],[29], 

[31],[32], 

[19],[23], 

[24],[25], 

[37],[40], 

[26],[28], 

[29],[32], 

[19],[24], 

[37],[47], 

[54],[57] 
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Sfetsos & 

Stamelos 

[10] 

Turhan 
et al. [11] 

Kollanus 
[9] 

Causevic 
et al. [12] 

Mäkinen 

& Münch 
[13] 

Munir et 

al. [14] 

Bissi et al. 
[15] 

Abushama 

et al. [101] 

[34],[35], 

[37],[38], 

[40],[45], 

[46],[47], 

[48],[49], 

[52],[55], 

[56],[61] 

[46],[49], 

[54],[55] 

[33],[34], 

[35],[37], 

[38],[40], 

[44],[46], 

[47],[48], 

[49],[55], 

[61] 

 

[33],[34], 

[46],[48], 

[49],[54], 

[55],[56], 

[61] 

Causevic 
et al. [12]    

[63],[64], 

[65],[66], 

[68],[71], 

[72],[73], 

[74],[75], 

[76],[77], 

[79],[81], 

[82],[83], 

[84] 

[19],[26], 

[27],[28], 

[29],[32], 

[35],[37], 

[40],[46], 

[49],[55], 

[58],[80] 

[19],[20], 

[24],[25], 

[26],[27], 

[28],[29], 

[31],[32], 

[34],[35], 

[37],[38], 

[40],[46], 

[47],[48], 

[49],[55], 

[61],[67], 

[69] 

[19],[20], 

[24],[25], 

[26],[28], 

[29],[32], 

[34],[37], 

[40],[46], 

[48],[49], 

[55],[56], 

[61] 

[19],[24], 

[37],[47] 

Mäkinen 

& Münch 
[13] 

     

[19],[22], 

[26],[27], 

[28],[29], 

[32],[35], 

[37],[40], 

[46],[49], 

[55] 

[19],[26], 

[28],[29], 

[32],[37], 

[40],[46], 

[49],[54], 

[55] 

[19],[37], 

[47],[54] 

Munir et  

al. [14] 
     

[90],[91], 

[93],[94], 

[96],[98] 

[19],[20], 

[24],[25], 

[26],[28], 

[29],[32], 

[33],[34], 

[37],[40], 

[46],[48], 

[19],[24], 

[37],[95] 
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Sfetsos & 

Stamelos 

[10] 

Turhan 
et al. [11] 

Kollanus 
[9] 

Causevic 
et al. [12] 

Mäkinen 

& Münch 
[13] 

Munir et 

al. [14] 

Bissi et al. 
[15] 

Abushama 

et al. [101] 

[49],[55], 

[61],[95] 

Bissi et al. 
[15]       [100] 

[19],[24], 

[37],[54], 

[95] 

Abushama 

et al. [101] 
       

[104],[111], 

[112],[119], 

[120] 

 

 

Figure 3: Percentage of specific studies and number of studies shared by the SLRs.  

 
5.3.2. Stability of conclusions 
Table 11 (rows 1 and 2) show the conclusions of the SLRs with respect to the impact of TDD on productivity 
and quality. The last column contains a comment on the conclusions. As regards external quality, four second-
ary studies (Kollanus [9], Mäkinen & Münch [13], Bissi et al. [15], and Munir et al. [14]) report similar results, 
stating that TDD may improve external quality, Sfetsos and Stamelos [10] claim that TDD improves external 
quality in the industrial setting, whereas Turhan et al. [11] suggest that the evidence is inconsistent. Causevic 
et al. [12] conclude that external quality is not one of the seven factors that limit the adoption of TDD in 
industry, whereas Abushama et al. [101] report a negative result. Therefore, the conclusions on external quality 
may differ. Kollanus [9], Bissi et al. [15], and Abushama et al. [101] claim that there is moderate evidence with 
respect to a drop in productivity. Sfetsos and Stamelos [10] state that the results are contradictory, and Turhan 
et al. [11] suggest that the evidence is inconsistent. Causevic et al. [12] state that the longer development time 
has been considered as a factor that limits the adoption of TDD, and Munir et al. [14] classify the results by 
different settings. The conclusions of the SLRs with regard to the effects of TDD on productivity differ. With 
respect to both quality and productivity, the conclusions of the SLRs may differ, and the criteria used by the 
authors to select evidence appear to influence the conclusions of the SLRs.  
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Table 11: Conclusions and results of the SLRs on TDD. 

 Sfetsos & Sta-
melos [10] 

Turhan et al. 
[11] 

Kollanus [9] up 
until 2009 

Causevic et al. 
[12] up until 

2009 

Mäkinen & 
Münch [13] up 

until 2009 

Munir et al. 
[14] up until 

2009 

Bissi et al. [15] 
up until 2009 

Abushama et 
al. [101] up un-

til 2009 

Comparison of 
the 8 secondary 

studies 

QLTY  

CONCLUSION  

 

The authors 
conclude that 
software quality 
improves in an 
industrial set-
ting, while the 
effect in aca-
demia is un-
clear. 

The impacts of 
TDD still raise 
many question 
marks. The evi-
dence is not 
consistent with 
respect to the ef-
fects of TDD on 
any of the qual-
ity measures. 

TDD might im-
prove external 
quality. How-
ever, it is ques-
tionable whether 
TDD is the fac-
tor that really 
explains the re-
sults. 

External quality 
is not one of the 
7 factors that 
limit the adop-
tion of TDD in 
industry. 

TDD may re-
duce the number 
of defects. 

The authors 
classify the 
studies by rigour 
and relevance 
and state that 
they reached 
different conclu-
sions in each 
category. There-
fore, the results 
would be biased 
if the studies 
were considered 
as a whole. 

Most of the 
studies suggest 
an increase in 
external quality. 

The authors 
state that TDD 
has more nega-
tive effects than 
TLD on external 
quality. TDD 
places more em-
phasis on cus-
tomer commit-
ment. 

4 studies indicate 
that external qual-
ity can improve 
with the use of 
TDD or reduce 
the number of de-
fects.  

1 study claims 
that the use of 
TDD improves 
external quality in 
industry.  

1 study indicates 
that evidence is 
inconsistent.  

1 study focuses 
on conclusions 
with respect to 
limiting factors. 

PROD  

CONCLUSION 

The effects of 
TDD on produc-
tivity are contra-
dictory and dif-
fer across differ-
ent settings. 

The impacts of 
TDD still raise 
many question 
marks. The evi-
dence is not 
consistent with 
respect to the ef-
fects of TDD on 
any of the 
productivity 
measures. 

There is moder-
ate evidence that 
TDD decreases 
productivity. 

Longer develop-
ment time was 
considered as a 
factor that limits 
TDD adoption. 

Although code 
maintenance 
may take less 
time, the devel-
opment can take 
longer. 

The authors 
classify the 
studies by rigour 
and relevance 
and indicate that 
the conclusions 
for each cate-
gory differed. 
Therefore, if the 
studies were 
considered as a 
whole, the 

44% studies in-
dicate a drop in 
productivity 
when TDD is 
used. 

Most studies 
show that TDD 
takes longer 
than  

TLD. 

The conclusions 
differ.  1 study in-
dicates that the 
evidence is incon-
sistent. 2 studies 
indicate there is 
moderate or little 
evidence of a 
drop productivity. 
1 study indicates 
that the results are 
contradictory. 1 
study does not 
consider all the 
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 Sfetsos & Sta-
melos [10] 

Turhan et al. 
[11] 

Kollanus [9] up 
until 2009 

Causevic et al. 
[12] up until 

2009 

Mäkinen & 
Münch [13] up 

until 2009 

Munir et al. 
[14] up until 

2009 

Bissi et al. [15] 
up until 2009 

Abushama et 
al. [101] up un-

til 2009 

Comparison of 
the 8 secondary 

studies 

results would be 
biased. 

studies as a 
whole, and they 
are classified by 
rigour and rele-
vance. 1 study in-
dicates that a 
longer develop-
ment time was 
considered as a 
factor that limits 
TDD adoption. 

QLTY  

RESULTS 

The authors 
claim that the 
results of most 
of the experi-
ments and case 
studies show 
that TDD im-
proves external 
quality. 

The authors 
state that if all 
the studies, con-
trolled experi-
ments and case 
studies count 
equally, TDD 
improves exter-
nal quality. 
TDD improves 
external quality 
in 13 out of 22 
studies (59%). 
TDD reduces 
external quality 
in 3 studies. The 
results are in-
conclusive or re-
port no differ-
ence in 6 stud-
ies. 

The author 
states that TDD 
could improve 
external quality. 
15 out of a total 
of 21 studies 
suggest that 
TDD improves 
external quality 
(15 studies are 
equivalent to 
71%). 

The authors 
evaluate the ef-
fect of TDD on 
code quality and 
consider that 
code quality is 
not a factor that 
limits TDD 
adoption. For 
our part, we ob-
served that TDD 
improves code 
quality in 12 out 
of 17 studies 
(70%). TDD has 
a negative effect 
in 1 study. 
There is no dif-
ference in 2 
studies. 

The SLR evalu-
ates the effect of 
TDD on defect 
reduction. We 
observe that 
TDD reduces 
defects in 4 
studies (70%), 
and 2 are incon-
clusive. 

The authors 
state that the 
studies with 
high rigour and 
relevance (A) 
report results 
that show clear 
external quality 
improvements 
(5 favourable). 
The observation 
is similar for 
studies with 
high relevance 
and low rigour 
(B1) (4 favoura-
ble). Of the 
studies with low 
relevance and 
high rigour 
(B2), 4 report no 
difference, and 
3 are favourable 
to TDD. Of the 
studies with low 

According to the 
article and con-
sidering the 
studies up until 
2009, 75% of 
the studies iden-
tify a significant 
increase in ex-
ternal quality. 

This article in-
cludes 11 stud-
ies on external 
quality. TDD 
improves the 
code quality in 5 
of the studies, 
whereas quality 
drops in the 
other 6. 

The results with 
respect to external 
quality are simi-
lar: TDD in-
creases external 
quality. The per-
centage of studies 
that report im-
provement varies. 
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 Sfetsos & Sta-
melos [10] 

Turhan et al. 
[11] 

Kollanus [9] up 
until 2009 

Causevic et al. 
[12] up until 

2009 

Mäkinen & 
Münch [13] up 

until 2009 

Munir et al. 
[14] up until 

2009 

Bissi et al. [15] 
up until 2009 

Abushama et 
al. [101] up un-

til 2009 

Comparison of 
the 8 secondary 

studies 

rigour and rele-
vance (C), 1 is 
favourable and 1 
reports no dif-
ference. 

QLTY  

RESULTS – 
Case Studies 

7 out of 8 case 
studies report a 
sharp increase in 
external quality. 

The authors in-
dicate that pilot 
and industrial 
studies suggest 
that TDD pro-
duces better ex-
ternal quality. 

The author 
states that the 
case studies 
fairly consist-
ently report bet-
ter external 
quality after the 
implementation 
of TDD. (13 fa-
vourable to 
TDD, with no 
difference in 1). 

They do not 
classify studies 
by case studies. 

The authors 
state that several 
industrial case 
studies show a 
relatively large 
drop in defects. 
(We found that 
4 case studies 
suggest that 
TDD reduces 
defects). 

Category A 
studies include 5 
case studies 
(71%) and 2 
surveys. Studies 
in category B1 
include 4 case 
studies (100%). 
Category A and 
category B1 
studies report 
results that im-
prove external 
quality. 

Based on this 
report, we found 
that TDD in-
creases external 
quality in all 5 
case studies. 

1 of 3 case stud-
ies report a posi-
tive result and 
the others return 
negative results. 

Comparing the re-
sults for case 
studies, they are 
similar across the 
different SLRs. 
Only Abushama 
et al. [101] arrives 
at a contradictory 
conclusion. 

QLTY  

RESULTS - Ex-
periments 

TDD improves 
external quality 
in 6 out of 8 ex-
periments. 

The authors in-
dicate that the 
results of the 
controlled ex-
periments are 
inconclusive. Of 
6 experiments, 3 
are inconclu-
sive, TDD im-
proves quality in 
1 and reduces 
quality in 2 ex-
periments, re-
spectively. 

The author 
states that there 
is no difference 
in most of the 
controlled ex-
periments. TDD 
increases quality 
in 2 experi-
ments. There is 
no difference in 
4 experiments 
and TDD re-
duces quality in 
1 experiment. 

They do not 
classify studies 
by experiments. 

The authors 
state that, in the 
experiments in-
cluded in the 
SLR, TDD is no 
better than other 
development 
methods in 
terms of results 
(there is no dif-
ference between 
the effects of 
TDD in 2 exper-
iments). 

Studies in cate-
gory B2 include 
16 experiments 
(94%) and 1 
case study. 
Studies in cate-
gory C is 1 ex-
periment study-
ing quality. Cat-
egory B2 studies 
do not report 
differences. 
There is no dif-
ference in 1 ex-
periment in cat-
egory C. 

TDD increases 
external quality 
in 6 experi-
ments, there is 
no difference in 
1 experiment, 
and TDD re-
duces quality in 
1 experiment. 

The results of 
the TDD experi-
ments are differ-
ent. TDD in-
creases quality 
in 4 experiments 
and reduces 
quality in 4 ex-
periments. 

The experiments 
cited in Sfetsos 
and Stamelos [10] 
and Bissi et al. 
[15] indicate that 
TDD improves 
quality. The re-
sults of the other 
SLRs suggest that 
there is no differ-
ence in the effects 
of TDD or that 
the results are 
contradictory. 
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 Sfetsos & Sta-
melos [10] 

Turhan et al. 
[11] 

Kollanus [9] up 
until 2009 

Causevic et al. 
[12] up until 

2009 

Mäkinen & 
Münch [13] up 

until 2009 

Munir et al. 
[14] up until 

2009 

Bissi et al. [15] 
up until 2009 

Abushama et 
al. [101] up un-

til 2009 

Comparison of 
the 8 secondary 

studies 

PROD  

RESULTS 

The effect of 
TDD on produc-
tivity is contra-
dictory, and the 
results differ for 
the different set-
tings. 

TDD does not 
have a con-
sistent effect on 
productivity. 

The author 
states that, as a 
whole, the stud-
ies appear to 
suggest that 
TDD might im-
prove the re-
quired develop-
ment effort (11) 
or that there is 
no difference in 
the effect (7). 
(We observed 
that TDD in-
creases produc-
tivity in 4 stud-
ies). 

The authors do 
not evaluate the 
effect of TDD 
on productivity. 
They state that 
the increase in 
development 
time is a factor 
that limits TDD 
use. The authors 
state that the re-
sults suggest 
that 8 primary 
studies report 
negative experi-
ences with re-
spect to devel-
opment time (5 
in industrial and 
3 in academic 
settings). 5 stud-
ies report posi-
tive effects with 
respect to devel-
opment time. 

The results are 
found to be in-
conclusive. 
TDD reduces 
productivity in 2 
studies and the 
other 8 are in-
conclusive. 

In the studies 
with high rigour 
and high rele-
vance (A), there 
is no difference 
(1 study). For 
studies with 
high relevance 
and low rigour 
(B1), there is a 
loss in produc-
tivity. 9 studies 
with low rele-
vance and high 
rigour (B2) do 
not report any 
difference, and 
1 is favourable 
to TDD. 1 study 
with low rigour 
and relevance 
(C) returns 1 
negative result 
for TDD on 
productivity. 

Based on the ar-
ticle considering 
all the studies 
published up un-
til 2009, 47% of 
the studies indi-
cate that produc-
tivity is lower 
using TDD than 
with TLD. 

66% of the se-
lected studies 
suggest that 
TDD has nega-
tive effects on 
time, and only 
33% suggest a 
positive effect. 

Results are incon-
clusive or contra-
dictory. 

PROD  

RESULTS – 
Case Studies 

1 case study re-
ports a decrease 
in productivity, 
and there is no 
significant dif-
ference in 1 
study. 

The pilot studies 
provide mixed 
evidence. The 
industrial stud-
ies suggest that 
productivity is 
worse with 
TDD. 

The author 
states that the 
results of the 
case studies are 
more consistent. 
8 case studies 
report a drop in 
productivity, 
and 2 studies 
find no differ-
ence. 

They do not 
classify studies 
by case studies. 

They did not 
consider case 
studies. 

The category A 
studies do not 
report any dif-
ference (1 
study). The cat-
egory B1 studies 
are 4 case stud-
ies (100%) that 
report produc-
tivity loss. 

Based on the 
classification 
made in the arti-
cle, we calcu-
lated that TDD 
is favourable to 
productivity in 2 
studies, there is 
no difference in 
1 study and 
TDD reduces 

5 case studies 
report that TDD 
reduces produc-
tivity (takes 
longer). TDD 
increases 
productivity 
(saves time) in 2 
studies. 

Except for [15], 
who report con-
tradictory results, 
the results of the 
case studies refer-
enced in the SLRs 
suggest that there 
is no difference or 
lower productiv-
ity. This differ-
ence is attributed 
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 Sfetsos & Sta-
melos [10] 

Turhan et al. 
[11] 

Kollanus [9] up 
until 2009 

Causevic et al. 
[12] up until 

2009 

Mäkinen & 
Münch [13] up 

until 2009 

Munir et al. 
[14] up until 

2009 

Bissi et al. [15] 
up until 2009 

Abushama et 
al. [101] up un-

til 2009 

Comparison of 
the 8 secondary 

studies 

productivity in 3 
studies. 

to the fact that the 
referenced studies 
[46], [50]) were 
not cited by the 
other SLRs. 

PROD  

RESULTS - Ex-
periments 

2 experiments 
report that TDD 
increases 
productivity. 

The authors 
state that the ev-
idence from 
controlled ex-
periments sug-
gests that 
productivity im-
proves using 
TDD. 3 con-
trolled experi-
ments suggest 
an improve-
ment, whereas 
there is no dif-
ference in 1. 

The author 
states that most 
of the controlled 
experiments re-
turn different re-
sults. 

They do not 
classify studies 
by experiments. 

The results were 
found to be in-
conclusive. 
TDD leads to 
lower productiv-
ity in 2 experi-
ments, and the 
results are in-
conclusive in 6 
experiments. 

The category B2 
studies report no 
difference. The 
category C stud-
ies do report an 
effect equivalent 
to 1 negative re-
sult on TDD 
productivity. 

The experiments 
return contradic-
tory results. 
TDD improves 
productivity in 2 
experiments, 
there is no dif-
ference in 4 ex-
periments, and 
TDD reduces 
productivity in 4 
experiments. 

5 out of 14 TDD 
experiments re-
port positive re-
sults. 9 have 
negative results. 

Sfetsos & Sta-
melos [10] refer 
to only 2 experi-
ments that in-
crease productiv-
ity, Huang & Hol-
combe [27], 
Gupta & Jalote 
[26]), and Turhan 
et al. [11] confirm 
a productivity in-
crease. The exper-
iments reported 
by the other SLRs 
return contradic-
tory or inconclu-
sive results. 
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5.3.3. Stability of the results 
To analyse the results, we considered all the studies, except Munir et al. [14], to be equal. As Table 11 (QLTY 
RESULTS row) shows, all the SLRs agree that TDD increases external quality, except Abushama et al. [101], 
whose TDD sample is probably too small. There are differences with respect to the percentage of studies that 
suggest a quality increase. For example, Turhan et al. [11] conclude that 13 out of the 22 primary studies (59%) 
show that TDD improves quality, whereas Bissi et al. [15] claims that 88% of the primary studies report im-
proved quality (considering articles published up until 2009, that is, 75%). Abushama et al. [101] claim that 5 
out of the 11 studies (45%) on TDD concluded that TDD improved external quality. With respect to the results 
of the SLRs concerning the effect of TDD on productivity (PROD RESULTS row), all the SLRs agree that the 
results are either inconclusive or contradictory. The results reported in the SLRs on external quality and produc-
tivity are similar. The results of the SLRs appear to be more stable than the conclusions.  
 
5.3.4. Stability of the results by case studies 
As mentioned above, several SLRs report results classified by research method. This applies to Sfetsos and 
Stamelos [10], Turhan et al. [11], Kollanus [9] and Bissi et al. [15]. We analyse the stability of the results with 
respect to case studies below. Munir et al. [14] classify primary studies by categories according to their rigour 
or relevance. They establish four categories: high rigour and high relevance (category A), low rigour and high 
relevance (category B1), high rigour and low relevance (category B2), low rigour and low relevance (category 
C). Considering the studies published up until 2009, we observed that: category A includes five case studies 
(71%) and two surveys, category B1 includes four case studies (100%), that is, case studies are predominant 
in A and B1. On the other hand, category B2 accommodates 16 experiments (94%) and one case study, and, 
finally, category C includes five experiments (83%) and one survey, that is, experiments are predominant in 
categories B2 and C. We use the results of categories A and B1 to analyse the results by case studies. 
 
As Table 11 shows, taking into account only the case studies (QLTY RESULTS – Case Studies row), all the 
SLRs (except Abushama et al. [101]) agree that TDD improves external quality, that is, the results are similar 
for all SLRs. With respect to productivity (PROD RESULTS - Case Studies row), the SLRs by Sfetsos and 
Stamelos [10], Turhan et al. [11], Kollanus [9] and Munir et al. [14] show that either there is no difference or 
productivity drops. On the other hand, Bissi et al. [15] reveal that the case studies output contradictory results 
(two studies indicate that TDD increases productivity, three indicate that TDD reduces productivity, and one 
case study claims that there is no difference). The results by case studies on productivity differ. When the SLRs 
output results on productivity classified by case studies, the results may be influenced by the inclusion criteria 
used by the authors to select the case studies. 
 
5.3.5. Stability of the results by experiments 
Comparing the results of experiments on external quality (QLTY RESULTS - Experiments row), we find that 
the SLRs by Sfetsos and Stamelos [10] and Bissi et al. [15] agree that TDD improves quality, whereas SLRs 
by Turhan et al. [11], Kollanus [9], Munir et al. [14] and Abushama et al. [101] report that the effects of TDD 
do not differ or that the results are contradictory. The results of the SLRs by experiments on external quality 
differ. The stability of these results cannot be taken for granted. With respect to productivity (PROD RESULTS 
- Experiments row), the SLR by Sfetsos and Stamelos [10] indicates that TDD increases productivity. Turhan 
et al. [11] also state that TDD increases productivity. On the other hand, the experiments analysed by Kollanus 
[9], Munir et al. [14] (considering categories B2 and C where experiments are predominant) and Bissi et al. 
[15] find that the effect of TDD on productivity is contradictory or inconclusive. With respect to experiments, 
the SLRs may report different results, which means that these results are not reliable. The results reported by 
the authors classified by research method sometimes differ. The inclusion criteria used by the authors to select 
the primary studies in the SLR may have an influence on the results classified by experiments and case studies. 
 
5.4. Effect of errors on the results of SLRs 

Some SLRs included primary studies that have different approaches to software development with TDD, for 
example, they study TDD as a technique for improving testing quality, look at how to improve agile develop-
ment course teaching quality or investigate the influence of TDD on spreadsheet implementation. Their inclu-
sion appears to be the product of wrong decision making by the authors. All in all, two such articles were 
included in Turhan et al. [11], four in Kollanus [9], eight in Causevic et al. [12], seven in Munir et al. [14] and 
three in Abushama et al. [101]. They are labelled with (EXP) (shaded grey) at the side of the reference number 
in Table 3, which includes an explanation of the reason why these primary studies should not have been con-
sidered in the far-right column. Below, we analyse the influence that these incorrect decisions could have on 
the results of the SLRs on TDD. We analyse two SLRs: Kollanus [9] and Munir et al. [14]. We clustered the 
results of the SLRs, removing the primary studies that did not, in our opinion, focus on TDD, and observed 
whether the result of the SLR changed. With respect to the results on external quality, we found that the SLR 
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by Kollanus [9] includes 16 primary studies that specify that TDD increases quality (72%), five studies that 
indicate that there is no difference, and one primary study that reports that TDD decreases quality. We then 
deleted three primary studies that do not focus on TDD —Lui and Chan [PS65], Rahman [PS84] and Xu and 
Li [PS102]—, with the following results: 13 studies suggest that TDD increases quality (68%), five studies 
indicate that there is no difference, and one study reports that TDD reduces external quality. We find that the 
results do not differ substantially. 
 
We proceeded similarly with the SLR by Munir et al. [14] for the results corresponding to category A, where 
seven studies indicate that TDD increases quality. If we remove the article that we consider should not have 
been taken into account —Bannerman & Martin [PS4]—, we find that there are six studies in favour of TDD. 
Again, the results are unchanged. The articles included in SLRs by wrong decision making do not appear to 
have a major impact on the results on external quality. With regard to productivity, five articles in the SLR by 
Kollanus [9] indicate that TDD increases productivity, seven that there is no difference, and 11 that TDD 
reduces productivity. If we remove the two studies that do not, in our opinion, focus on TDD —Zhang et al. 
[PS105] and Xu and Li [PS102]—, we find that three studies indicate that TDD increases productivity, seven 
that there is no difference, and 11 that TDD reduces productivity. Therefore, we get similar results that are 
unaffected by errors. 
 
In the SLR by Munir et al. [14], there are very few articles in category A, where there is no difference with 
respect to the effect of TDD on productivity in one study and a negative result for TDD in two studies. If we 
remove the study that does not focus on TDD —Bannerman & Martin [PS4]—, we find that one study says 
that there is no difference with respect to the influence of TDD on productivity and one study that suggests that 
TDD has a negative impact. In this case, wrong decision making does have an influence, but this is not a 
representative result, as there are not enough primary studies on productivity. The studies included in the SLRs 
as a result of wrong decision making do not appear to affect the results of the SLRs on TDD with respect to 
the effects on quality and productivity. 
 
6. Conclusions and Future Work 

It is assumed that SLRs on TDD should be based on applicable primary studies existing in the literature. It 
appears, however, that authors each use their own inclusion criteria for selecting primary studies, which means 
that there is a sizeable difference with respect to the number of articles across SLRs. The information included 
in SLRs and primary studies on TDD is not comprehensive. This is an obstacle to the research. A fuller report 
on experiments and case studies in primary studies and a fuller description of the quality criteria, search date, 
bibliographic databases, and article inclusion and exclusion criteria in SLRs would facilitate research. Accord-
ing to our findings, SLRs with similar objectives have less overlap than SLRs with similar response variables. 
The SLRs with similar response variables comply better with the SLR replication principle. With regard to the 
differences found in the conclusions on SLRs, they are influenced by the criteria used by each author. What 
some authors regard as negligible consistent evidence is sufficient for other researchers to claim that TDD may 
have an effect on the response variable. There is no agreement or criteria for evaluating the quality of the 
evidence on a particular effect. Several authors report results classified by the research method. These results 
with respect to both case studies and experiments do not always match and do not, therefore, appear to be 
reliable. The results are more stable with respect to both quality and productivity when results are not classified 
by research method (experiment or case study). 
 
The evidence selected in a SLR is composed of all the applicable primary studies and should be similar for all 
the SLRs that study one and the same topic. However, we found that the overlap between the primary studies 
included in all the SLRs that study TDD is no more than three per cent. The SLRs that address TDD differ with 
respect to the study objectives and the response variables. We found that there is a bigger overlap between 
SLRs with similar response variables (54%) than for SLRs with similar objectives (36%). The SLRs with 
similar response variables are more repeatable. 
 
Little is known about the impact of the different overlaps between SLRs that address the same topic. The results 
and conclusions appear to differ depending on the criteria used by the authors to select evidence (primary 
studies). The conclusions of the SLRs that address the same topic are not stable: they are influenced by the 
results, and the results are influenced by the criteria applied by the authors with respect to the consistency of 
the selected evidence. When the authors report results classified by research method (case studies and experi-
ments), the results may differ, which means that they are not very reliable. The criteria applied by authors with 
respect to experiment and case study selection appears to influence the results. We found that some authors 
wrongly selected a number of primary studies that do not focus on TDD as a development technique. However, 
this error does not appear to influence the results. 
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We now analyse the different threats that might affect the validity of the results. One potential internal validity 
threat to this research is the possibility of missing some SLRs. To reduce this threat, we conducted a rigorous 
search process by identifying the key words and composing search strings and running the search according to 
the instructions provided by each scientific database. Additionally, we applied inclusion and exclusion criteria 
for the final selection of articles. Any dispute during the final selection process was settled by negotiation in 
order to reduce partiality. With respect to external validity, the study is considered to be reproducible because 
a systematic protocol was enacted to search, collect and evaluate data. With regard to conclusion validity, we 
generated the tables and figures illustrated in this article directly from the data. Therefore, our results are fully 
traceable. The data of the secondary studies were meticulously and systematically extracted, guaranteeing a 
high level of reliability, as the conclusions drawn from this research can be related directly to the data and, 
therefore, are reproducible by other researchers. 
 
The aim of future research is primarily to identify the criteria for evaluating the quality of the evidence gathered 
about an effect on a particular response variable. Additionally, it is necessary to continue the research effort to 
propose additional guidelines to determine the quality of SLRs. 
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