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ABSTRACT 
Background: Agile software development has been increasingly 
adopted during the last two decades. Nonetheless, many studies 
show that using agile methods as defined in the literature does not 
work very well. Thus, companies adapt these methods by just 
using parts of them (called agile practices). Objective: The goal of 
the literature study was to understand which agile practices are 
used in industry under different circumstances, such as different 
project types, domains, or processes. Method: We conducted a 
mapping study of empirical studies using agile practices in 
industry. The search strategy identified 1110 studies, of which 24 
studies including 68 projects were analyzed. Results: The results 
of this study show that there are practices that are used more often 
and that the domain and the process also influence the application 
of different practices. Additionally, the findings confirm the 
assumption of Ken Schwaber that in most cases, agile methods are 
not used “completely” but that rather certain practices are 
adopted.  Conclusions: Our results can be used by researchers to 
get a better idea of where and how to follow up research as well as 
by practitioners to get a better idea of which practices fit their 
needs and which are used by others. Therefore, our contribution 
increases the body of knowledge in agile practices usage. 

Categories and Subject Descriptors 
[General and reference]: cross-cutting tools and techniques – 
empirical studies, evaluation. [Software and its engineering]: 
software creation and management – software development 
process management, software development methods, agile 
software development. 

General Terms 
Measurement, documentation, experimentation. 

Keywords 
Empirical SE, systematic review, mapping study, agile software 
development, agile methods, agile practices, industrial usage. 

 

1. INTRODUCTION 
Software processes are an important part of software engineering 
that influence product outcome [13]. Therefore, the software 
engineering world has come up with a huge number of software 

processes, which have evolved in the past decades. The biggest 
change in software processes was the introduction of agile 
processes as a contrast to plan-based processes. 
Although agile software development started some decades ago, 
publications on applying agile methods in industry mainly started 
to appear around 2005. However, Ken Schwaber, one of the 
inventors of Scrum, states that 75% of the companies that claim 
Scrum usage do not really use Scrum [22]. This also seems to be 
the case for other agile methods, such as XP. For this reason, our 
research and the literature study we conducted focus on individual 
agile practices instead of “complete” agile methods.  

This mapping study aims at evaluating and presenting empirical 
findings on the current usage of agile practices in industry. 
Additionally, we also provide various possible reasons, strengths, 
and weaknesses encountered when using different agile practices 
in different domains and processes. This overview will be 
important for practitioners as an introduction to the state of the art 
in this area and as a source of ideas for their companies. It is also 
interesting for researchers, showing them where to focus their 
research in order to deal with topics that are hot in industry.  

This paper is organized as follows: In Section 2, we give an 
overview of agile software development, especially agile 
practices, identify existing reviews, and state our research 
objectives. Section 3 in detail describes the method that was used 
in this research. Section 4 reports the findings by providing 
information about the studies and projects. These results, their 
benefits, and limitations are further discussed in Section 6 
following the threats to validity in Section 5. In Section 7, we 
summarize the paper, draw conclusions, and provide 
recommendations for future work in the area of agile practices. 

2. BACKGROUND – AGILE PRACTICES 
This section starts with a description of the field of agile software 
development, its history, and the current state of the practice, as 
well as a description of agile practices. This is followed by a 
summary of previous reviews regarding agile development and 
their relationships to our research. Finally, the need for our study 
is specified in the research questions.  

2.1 Agile Software Development 
Agile Software Development is defined in the Agile Manifesto [6] 
on the level of core values and principles. The implementation of 
the principles are both the agile practices and the combination of 
agile practices called agile methods. 
The number of methods grew over the years so that there are now 
around 20 different agile or lean methods. How these methods 
evolved over the years is described by Abrahamsson et al. [2]. 
Nonetheless, only a small number is used in industry. The most 
commonly used methods for agile development are Scrum and 
Extreme Programming (XP).  
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Even though they are the most common, there are only a few 
companies that really apply these methods as described in 
literature. Most companies adapt or tailor these methods due to 
various problems such as complexity encountered during the 
introduction or change to agile development [9] [22]. This leads to 
many agile method adaptions that appear in literature, e.g. [10]. 
Most often they either omit specific parts of the original agile 
method, change them, or replace them with traditional aspects. 
The most prominent adaptation is the so-called “ScrumBut” 
method, which uses Scrum to some extent. Ken Schwaber, one of 
the Scrum guide [24] authors, estimates that “75% of all 
companies claiming to do Scrum, don’t do Scrum” [22], because 
they are adapting or omitting some practices. 

2.2 Agile Practices 
In contrast to the agile methods explained above, agile practices 
are one level below, because these are a small and very specific 
part of a method that addresses different aspects. Some known 
examples are pair programming or daily meetings. There is no 
common literature definition of agile practices, but an easy 
explanation can be given by considering XP [5], which is a 
collection of primary, business, and corollary practices.  
Before conducting our review, we defined a set of agile practices 
that we could use to answer the research questions at the end. This 
was necessary because agile methods name their practices 
differently. For this reason we merged the practices of different 
agile methods and call them ‘universal’. However, they can still 
be mapped to the common agile methods such as Scrum.  
To get a set of universal agile practices, we analyzed the most 
common agile methods, extracted the practices, and grouped them 
under a common name. A good starting point for this was the 
report of Abrahamsson et al. [1], which contains seven of the most 
common agile methods and provides the practices they use. These 
were then consolidated with the literature about the different 
methods, such as [24] for Scrum, [5] for XP, [14] for Adaptive 
Software Development, and [9] for DSDM. 
This resulted in the following list of universal agile practices, 
which was used in our study, especially in Sections 4 and 5 of this 
paper: 

1. Quality check 
2. Refactoring 
3. Customer involvement 
4. Unattached communicative teams 
5. Validation practice 
6. Learning loop 
7. Outcome review 
8. Planning meeting 
9. Time boxing 
10. Common knowledge 
11. Progress monitoring 
12. Product vision 
13. Evolving and hierarchical specification 
14. Continuous integration/deployment 
15. Delivering frequent releases 
16. Small cross-functional teams 
17. Daily discussion 
18. Continuous specification analysis 

This list summarizes the practices of the most common agile 
methods and was used in our study to collect evidence regarding 
our research questions and study goals.  

2.3 Previous Reviews 
Although agile software development is a relatively new 
paradigm, several literature reviews have been published already.  
Most of these published reviews focus on agile methods such as 
[3], [9], [12], [21], and [26]. In addition to these, there are also 
some that focus on specific agile methods, such as on the most 
common one, Scrum [7]. Some of these reviews also try to focus 
on a specific domain, such as embedded systems ([3] and [26]).  
As mentioned above, in most cases no agile methods are used 
purely as stated in the literature, for example in the Scrum Guide. 
However, nothing can be found in the literature that deals with the 
usage of agile practices. Besides this, no mapping study has been 
conducted yet in this field. 

2.4 Objectives of this Review 
Agile software development is an area that receives high interest 
in all domains. The 7th annual State of Agile Development survey 
shows that 84% of the companies are using agile development and 
most of them for at least about two years [25].  
As stated above, we are not aware of any literature investigation 
of the usage of agile practices in industry and the specific 
domains, which is the main reason why we conducted this study. 
The results could help practitioners and researchers to improve 
development processes and adapt them to their specific needs. 
Additionally, our study can indicate which agile practices are 
supported by scientific studies. Formally, the main study goals 
(SG) of this literature review were: 
Analyze agile practices in order to explore their industrial usage 
(SG1) with respect to their distribution over different domains 
(SG2) and processes (SG3) from the perspective of software 
engineers. 
The objective of our review was to answer the following research 
questions: 

1. Which agile practices are used in industry? (RQ1) 
2. Which agile practices are used in which domain?  

How are these practices distributed? (RQ2) 
3. Which agile practices are used in which processes?  

How are these practices distributed? (RQ3) 
Our idea was also to identify relationships between these various 
aspects. In addition, we also wanted to gather some background 
information about reasons for a specific usage or relationships 
with domain-specific aspects. 

3. REVIEW METHOD 
Influenced by the established method of systematic literature 
reviews (SLR) [17] we performed the mapping study [3] [20]. 
Since we first started with the idea of a SLR we performed the 
following stages: (1) development of the review protocol, (2) 
identification of inclusion and exclusion criteria, (3) search for 
relevant studies, (3) critical appraisal, (4) data extraction, and (5) 
analysis. The remainder of this section describes these stages and 
the methods used in detail. 

3.1 Protocol Development 
We developed a review protocol for our study based on [16], 
which was enriched with guidelines and procedures from [13] and 
[15]. Our protocol was reviewed by a systematic literature review 
expert. This protocol includes all important elements of the study, 
such as background, research questions, search strategy, inclusion, 
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exclusion, quality criteria, and data extraction strategy. The most 
important elements are described in the following subsections. 

3.2 Inclusion and Exclusion Criteria 
Studies were included in this review if they presented empirical 
data on applying agile practices in a company and passed the 
minimum quality threshold (see Section 3.5). We only included 
studies by professional software developers from one or more 
industrial environments. Because this review was not restricted to 
any other specific type, it includes qualitative as well as 
quantitative studies. We only considered studies written in 
English. At this stage, there were no limitations regarding the 
publication date. 
On the other hand, we excluded studies if their main focus was 
not on agile software development or if they did not present some 
empirical data. As a more specific refinement, we also excluded 
(controlled) experiments because they do not represent real 
industrial environments. In addition to this, we also excluded 
secondary studies such as systematic literature reviews as well as 
huge surveys because it is impossible to find data about the 
practices in a specific project context. 

3.3 Data Sources and Search Strategy 
Our search strategy encompassed the use of electronic databases 
that include the most important specific journals and conference 
proceedings for our topic: 

• IEEEXplore 
• ACM digital library 
• Google scholar 
• Springerlink 

Because a piloting showed that the meta-search engine Scopus1 
covers all relevant sources of these databases for our topic, it was 
used as the sole search engine. 

 
Figure 1. Stages of the study selection process 

Figure 1 shows the systematic review process and the number of 
papers identified at each stage. In stage 1, the papers’ titles, 
keywords, abstracts, and contents were searched, using the 
following search terms:  
(1) industry OR industrial OR practical environment OR 

industrial environment OR real environment OR real context 
OR case study OR field study OR company OR experience 
report OR exploration 

1http://www.scopus.com (see Scopus title list) 

(2) agile practice OR iterative practice OR agile method OR agile 
artifact OR agile artefact OR agile process 

While piloting some of the search terms, we found several 
synonyms, which were then included. All these search terms were 
combined by using the Boolean “AND” operator. This means that 
each term of (1) was combined with all the terms of (2), which 
resulted in 63 different searches. The 1110 results of all these 
searches were documented in one Excel file based on the Scopus 
export functionality. 
In stage 2, we removed all duplicates as well as editorials, 
prefaces, discussions, workshops, panels, and article summaries. 
After this stage, we had 627 results.  

3.4 Citation Management, Retrieval, and 
Inclusion Decisions 
All the different steps were documented, starting with the export 
of the different searches to Excel. Here, we recorded all the data 
obtained from the Scopus export, such as author(s), title, abstract, 
year, source (including conference, journal, and page numbers), 
keywords, and many more. In addition to this given data, the 
Excel sheet also contained information about the study selection 
process such as codes for duplicates, title exclusion, abstract 
exclusion, review, and further discussion.  
In stage 3, the authors went through the titles of all the papers 
remaining from stage 2 to determine their relevance for our 
review. At this stage, we first excluded all papers that are not in a 
software engineering environment at all (6 exclusions). After this 
step, the second iteration excluded all papers whose titles were 
clearly not about agile software development or which were from 
a non-industrial environment (191 exclusions). The last step in 
this stage was a joint review with the other author to check the 
reliability of the results. For the 627 papers, the number of 
agreements between both researchers was 582 (93%). We also 
computed Cohen’s Kappa [7] to check the agreement. The Kappa 
coefficient of this stage was 0.54, which is “moderate agreement” 
[13]. All disagreements were discussed and resolved among the 
two researchers, finally resulting in an agreed result set for the 
following stages of 385 (61.4%) studies.  
In stage 4, we went through the remaining 385 abstracts of the 
papers and checked their relevance for our study according to the 
inclusion and exclusion criteria. Here obscurities were directly 
discussed between the two researchers to reduce the amount of 
time needed. Again, all disagreements were resolved. At the end 
of this stage, we had 270 (70%) remaining results. 
Because it was impossible to go through this huge number of 
results (within a short period of time) after stage 4, we decided to 
check the different publication dates and then focused on the most 
recent papers to obtain the primary studies. 
We decided that all papers from the beginning of 2010 would be 
included in this study to get the most up-to-date results. The low 
number of papers from the year 2013 is due to the point in time 
when we conducted the study search, which was on 20th August 
2013. After the exclusion based on abstracts in combination with 
the publication date threshold, we had 121 results spread over 
three and a half years (2013: 9; 2012: 32; 2011: 38;  
2010: 42). 
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3.5 Quality Assessment 
In the last stage, each of the remaining 121 papers was reviewed 
to see if their main focus fits our study goals; this was followed by 
an assessment of their quality. Because we performed a mapping 
study and not a systematic literature review, the criteria for 
checking the quality were on a higher level and partly overlapped 
or refined with the inclusion criteria. We checked all papers 
according to the following five quality criteria: 

1. The study reports empirical research independent of the 
type of empirical evidence, from lessons learned to 
industrial case studies. 

2. The study reports a set of agile practices used. 
3. The study was conducted in one or more industrial 

environments and this industrial context is described 
adequately. 

a. The description of the project domain is important 
for our research according to SG2.  

b. The description of used process or lifecycle is 
important for our research according to SG3. 

4. The study describes the motivation for using agile software 
development and specific agile practices. 

5. The study describes the success of using agile software 
development and specific agile practices. 

The first three criteria constituted minimum thresholds for the 
inclusion of a study. The last two quality criteria were used to 
gain more insight into the reasons for the use of agile practices. 
All these five quality criteria gave us confidence that all the 
findings of the remaining studies would be valuable contributions 
to our study.  
In stage 5, based on the presented quality criteria, the 121 results 
from stage 4 with the time threshold led to the final 24 results (cf. 
APPENDIX). These study results include 68 projects that were 
used for data extraction, analysis, and discussion. A summary of 
the quality assessment criteria is presented in Table 1. 

Table 1. Quality Criteria 

1. Is the paper based on any kind of empirical research?  

2. Are the agile practices used mentioned in the paper? 

3. Is there a clear and adequate description of the context 
in which the project was performed? 

3.a / 
3.b 

Is there a clear and adequate description of the project 
domain / process in which the research was performed? 

4. Is the motivation for using agile software development 
and agile practices described? 

5. Is the success of using agile software development and 
agile practices described? 

3.6 Data Extraction 
During this stage, all necessary data for our mapping study from 
the 24 studies that remained after stage 5 was extracted based on a 
predefined extraction form (see Table 2). This form allowed 
extracting all data with all details needed for the analysis of the 
research questions. Because our focus was on the projects and not 
on the studies, the data extraction was performed individually for 
each project. 

 

Table 2. Data Extraction From 

Attribute Description 

study ID Unique identifier for the study2 

project ID Unique identifier for the project 

study type Specification of the study type, e.g., experience 
report, case study, etc. 

company 
context 

Specification of the company’s context, e.g., 
country, name, size, experience, etc. 

project 
context 

Specification of the project’s context, e.g., 
team, location, process, etc. 

domain Specification of the domain in which the study 
took place 

agile 
practices 

List of agile practices that were used in the 
respective project. Explicitly removing some 
practices from an agile method could also be 
possible.  

notes Any additional notes 
 

To simplify and speed up the extraction process, we used the tool 
MaxQDA3 during the qualitative assessment (Section 3.5). With 
this tool for qualitative data analysis of textual data the data 
extraction attributes (cf. Table 2) were marked with different 
codes. These were later inserted into another Excel file for the 
data extraction, which was used for the data and result analysis.  

Our overall code system at the end included 904 text areas marked 
with codes in all papers, with most of them being on motivation  
(n = 117), paper context (n = 246), context (n = 203), and 
practices (n = 220). The specific context attributes process  
(n = 38) and domain (n = 74) for our research questions were used 
less frequently. 

During this extraction and the encoding in the Excel file, we 
distinguished between fully using an agile practice, using it 
partially, and not using it at all. Partially used was inserted in our 
case to get more specific data and also to cover the aspect that 
some companies modify and adapt agile practices or only some of 
the team members use them. Most common example of a partial 
usage is an exceeded time-range of the practice time boxing. 

4. RESULTS 
At the end of the five stages of the study selection process, we 
identified 24 studies (cf. APPENDIX) on the usage of agile 
practices for software engineering in industry. We extracted the 
necessary data from the 68 projects included in these studies to 
answer our research questions and study goals. The data about 
which study or project uses which agile practices cannot be 
included here due to size restrictions. However, these data can be 
provided upon request. 

In this section, we will first present an overview of the different 
studies and their projects by providing the general data that 
resulted from this study. Then the results needed to answer the 
research questions and discuss the three study goals regarding 
agile practices usage in general, in different domains, and in 
different processes. 

2 Using this ID, it is possible to find more study data such as 
bibliographic data, type of article, etc. 

3 http://www.maxqda.com/ 
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4.1 Overview of Studies and Projects 
The overall results of this study are presented in Figure 2, which 
shows the usage (fully and partially) and non-usage of agile 
practices based on all 68 projects in the 24 studies. The y-axis 
presents the different universal agile practices (see Section 2.2), 
with each practice being encoded with three bars for full usage 
(black), partial usage (gray), and non-usage (white). The x-axis of 
this figure shows how often the different agile practices were 
found in the papers. 

  
Figure 2. Overall Usage of Agile Practices 

The figure clearly shows that the non-usage of agile practices is a 
publication problem because such results are very often missing in 
the literature. In general, the full usage of agile practices was 
found most often, even if there are some practices that are used 
more often partially than fully. 
Across all 68 projects, all 18 agile practices were used. The 
number of usages ranges from at least 8 (11.8%) usages (full and 
partial usage combined) to 54 (79.4%). The most frequently full 
used agile practice is time boxing (n = 46), which only once was 
not used. In contrast, the least frequently used practice is small 
cross-functional teams. The most frequently adapted or partially 
used practice is customer involvement (n = 15), whereas other 
practices such as outcome reviews were only used partially once. 
Of the non-used practices, there is one that surpasses all others, 
the quality check. On the list of non-used practices, three are not 
mentioned and nine are mentioned equally or less than twice. 
The black bars in Figure 2 for full usage of the agile practices 
show that there are six most commonly used practices: time 
boxing (n = 44), planning meeting (n = 30), learning loop (n = 
28), evolving and hierarchical specification (n = 26), daily 
discussion(s) (n = 24), and product vision (n = 22). For the 

adapted or partially used practices, there are only three that 
exceed 10 usages: customer involvement (n = 15), time boxing (n 
= 13), and quality check (n = 12). 
Further details about the number of agile practices usage will be 
covered in the next subsections, with the focus on the study goals 
domains and processes.  

4.2 Agile Practices Used in Different Domains 
Before presenting the different practices used with respect to 
different domains, we show the overall distribution of the projects 
according to domains, independent of the practices. Since some 
papers did not provide the domain of the company or the project 
directly, we defined a list of domains during the extraction that 
included the domains depicted in Figure 3. 
In discussion between both researchers, a mapping from the 
described domains to our predefined domains was performed. For 
this purpose, the extracted context, the project’s description, or the 
company’s name was used. However, since the domain was rarely 
mentioned in the papers, this may have introduced incorrectness 
and is a threat to validity of the results. Also, some domains could 
not be mapped effectively and were therefore grouped under 
’Unspecific’. 

 
Figure 3. Distribution across domains 

Figure 3 shows the distribution of these projects across the 
domains. Most projects were located in the Telecommunications 
domain (n = 13). The domains Finance and Insurance (n = 10) and 
Consulting (n = 7) had the second and third-highest number of 
projects. The remaining seven domains appeared between two and 
five times. Although the projects were mapped to different 
domains, 15 projects could not be assigned to any domain due to 
missing descriptions. 
Based on these domain results, we mapped the occurrence of the 
different agile practices to the domains in Figure 4 (left part). The 
x-axis shows the 11 domains, while the 18 agile practices are on 
the y-axis. The six different sizes of the bubbles indicate the 
number of projects (<3; ≥3; ≥5; ≥7; ≥10; ≥19) that mention the 
practice in the specific domain. In addition, the three colors 
represent the usage of the practices similar to Figure 2 (full: black; 
partially: gray; none: white). E.g. refactoring in the 
telecommunications domain is used six times, in three projects 
full, in two partial, and in one not. 
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As the size of the bubble shows, the most valuable results can be 
found in the Telecommunications domain (only domain that 
covers all practices), followed by Consulting and Finance & 
Insurance. 7 out of the 11 domains use almost all of the practices: 
Telecommunications, Consulting, Internet, Finance & Insurance, 
Networks, Governance, and Company Management. In contrast, 
there are other domains that use very few practices, such as 
Medical or Automation.  
Among the different practices there is none that contains more 
valuable results than the others because almost each practice has a 
bigger bubble in at least one domain (often Telecommunications). 

Only the practices time boxing and evolving and hierarchical 
specification are used in all eleven domains. Most of the other 
practices are used in many domains but not in all. Only small, 
cross-functional teams, unattached communicative teams (both in 
five domains), and progress monitoring (in six domains) are used 
rarely. 
Figure 4 (left part) also shows that some specific practices are 
used similarly to the overall results (cf. Figure 2), but differently 
in the specific domains. For example, in the agile practices quality 
check, refactoring, customer involvement, and unattached 
communicative teams partial usage predominates. Non-usage is 

 
Figure 4. Systematic Map of Agile Practices related to Domains (left) and Processes (right) 
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mainly found for the practices quality check and common 
knowledge. None of the practices is used only fully.  

4.3 Agile Practices Used in Different Processes 
Before presenting the different practices used with respect to 
specific processes, we present the overall distribution of the 
projects according to processes, independent of the practices. 
Figure 5 shows that the process used most often is Scrum (n = 35) 
and its combination with XP (n = 19). It is also remarkable that 61 
out of 68 projects mentioned the process used (89.71%). 

 
Figure 5. Distribution across processes 

Based on these overall data, which show the processes found in all 
the different projects, the next analysis step was the mapping of 
agile practices to these processes. For this purpose, we created the 
map in Figure 4 (right part) with the agile practices mapped to the 
six different processes presented above. The x-axis shows the six 
processes, and the 18 agile practices are on the y-axis. The 
meaning of the map is equivalent to the mapping of the practices 
to the different domains explained above. 
Similar to the domains, the most reliable results can also be found 
in the column that represents Scrum. This is followed by the 
combination of Scrum and XP. In addition to these two processes, 
the combination of Scrum, XP, and Lean as well as XP itself also 
used almost all agile practices. The only plan-based process 
mentioned, Waterfall enriched with Scrum, used nine of our agile 
practices. The process with the lowest number of mentioned 
practices is Kanban, which could be the case because we did not 
search for specific agile methods and Kanban seems less often 
published in combination with our search terms.  
In contrast to the domains, among the processes there are more 
practices that are used in all processes: evolving and hierarchical 
specification, continuous integration/deployment, and daily 
discussion. Most of the other practices are used in five out of the 
six processes; only in Kanban or Waterfall they are not used. Only 
unattached communicative teams and outcome reviews are used in 
three processes. The least-used practice is small cross-functional 
teams, which is only used in Scrum and its combination with XP. 
Similarly to the domain mapping, the processes also show 
practices that are more often used partially. These are the same 
four as for the domains, plus validation practice and delivering 
frequent releases. In contrast, there are no practices that show a 
significant amount of non-usage across several domains. Among 
the other practices, full usage dominates, whereas there is no 
practice that is only used fully. 

5. DISCUSSION 
Following the presentation of the results of our study and the 
threats to their validity in the previous sections, we will now 
discuss these results by considering the data from the results in 
terms of the study goals and research questions stated at the 

beginning of our investigation. Additionally, we present a brief 
comparison between our findings and the agile survey in [25]. All 
this will result in several hypotheses being derived from the 
results and issues that will require further research in the future. 

5.1 Research Questions / Study Goals 
The first research question (RQ1) about the general usage of agile 
practices is discussed on a high level because all of them are used 
in industry, although some are used more often than others. It did 
not come as a great surprise that the time boxing practice appeared 
most often, as currently most companies try to increase their 
development time by using smaller increments. In addition, 
planning aspects seem to be a major issue in the development, 
which can be seen in the practices planning meeting and daily 
discussions. This might be the case because these are some of the 
few parts from the planning phase of traditional plan-based 
development that are also part of agile development. From our 
point of view, the high usage of the learning loop is one of the 
major ingredients of agile development. The high partial usage of 
some practices, which is mainly an adaptation or a usage in a 
specific area, has different reasons. For example in time boxing, 
the time intervals in the partial cases are higher than 
recommended in agile methods such as XP or Scrum, e.g., in [S3], 
[S14], and [S16]. In addition, customer involvement which is 
important for agile development, is often not performed as 
recommended, e.g., by XP with an on-site customer. The quality 
check has one of the highest proportions of partial usage and non-
usage due to one specific practice in particular: pair 
programming. It is partially used because some projects only 
check the quality of highly secure parts of the system. This is the 
practice for which most of the publications also indicate non-
usage, e.g., [S8] and [S14]. An interesting finding is the non-
usage of common knowledge. The only reason we could imagine 
was the use of documentation instead of common knowledge.  

With regard to the usage of agile practices in different domains 
(RQ2), the data shows that domains that are highly (safety-) 
critical such as Medical, Governance, and Automation only use a 
small set of agile practices and also report non-usage. In contrast, 
others try to use many of them, with some interesting findings. 
For example, quality check and validation practices are used in 
the Finance and Insurance domain. In contrast, in the 
Telecommunications domain, these techniques have lower usage. 
The reason is a contradiction with time boxing because “the length 
of the sprint created bigger pressure to get testing done in shorter 
time than before” [S20] and “the lack of time in the sprint to 
conclude the automated tests resulted in back to manual execution 
of regression tests” [S8]. These problems with time boxing were 
also found in other domains such as Governance, Finance, and 
Media because they adapted it to a longer time period. One 
company working in Consulting mentioned that “there were just a 
small number of new features and plenty of bugs or improvements 
to make. Some of the later could be postponed, but there were 
urgent bugs that could not wait for another Sprint to begin, despite 
the fact that the team had already reduced the Sprint length to one 
week” [S11]. A similar reason was given in a telecommunication 
company: “The sprint length made the sprint planning an 
impossible task as the support requests were pouring in daily with 
critical status” [S14]. Additionally, the Telecommunications 
domain had high non-usage of common knowledge, whereas other 
domains had knowledge sharing. E.g., [S14] reports the issue that 
“with collective code ownership, the code development would be 
on the whole team’s responsibility, and […] nobody would care 
about the good quality of the code”. Another company mentioned 
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that there was no communication from the testers to the 
developers. [S8] 

The results for the third research question (RQ3) support Kent 
Schwaber’s statement that Scrum is often not used as described 
because there are many process combinations (with XP and/or 
Lean), adaptations, and non-usages. Nonetheless, the enrichment 
of Scrum by other methods or practices improves development. 
Common knowledge is used less often in Scrum, but if Scrum was 
combined with Lean or XP, the number of positive answers 
increased. In contrast, the practices customer involvement, 
planning meetings, evolving and hierarchical specification are 
nearly stable across all processes. For the usage of XP, some 
practices, e.g., daily discussions, learning loop, or refactoring, are 
disregarded compared to the other processes. Very interesting for 
us was the project with a Waterfall-Scrum combination described 
as follows: “During this time, Scrum is mentioned several times, 
and requirements are from that time on written in the form of user 
stories. However, new functionality was still developed in the 
form of waterfall projects, where all functionality was designed 
upfront. Requirements prioritization and selection was still done 
based on ’fingerspitzengefühl”’ [S7]. 

5.2 Comparison to Agile Development Survey 
The annual survey about Agile Software Development [25] and 
the most frequently used practices (in this survey called 
techniques) are compared to our results in the following. 
Four of the top six practices of this survey (daily standup, 
iteration planning, release planning, and retrospectives) also 
appear as our most frequently used agile practices, even if they are 
called differently or are subsumed by our practices. 
Only unit testing and burn-down / team-based estimation do not 
directly appear in our most frequently used practices. In our case, 
we assigned the estimation part to planning, so we also cover this 
aspect, but in our classification progress monitoring, burn-down 
ranks only tenth among the most frequently used practices. The 
usage of the last top practice of the survey, unit testing, differs 
widely from our quality check, which is the practice used least 
often. This is probably the case because most often, experiences 
and non-usage of pair programming are reported in publications.  

5.3 Hypotheses 
Based on these results and their subsequent discussion, we 
identified several hypotheses. They are rather specific, but we 
tried to generalize them for future work. 
The fact that domains with fewer regulations such as 
Telecommunications seem to use fewer validation practices leads 
to the hypothesis that the “degree of usage of validation practices 
increases with the degree of regulation in the domain” (H1). 
Because domains like Finance & Insurance are more restricted 
than most of the other domains, “stricter usage of time boxing 
should improve development” (H2). 
In addition to these two hypotheses, we also assume that “there 
are common combinations of agile practices (H3), such as 
evolving and hierarchical specification, learning loop, and 
product vision”. 

6. THREATS TO VALIDITY 
There are a number of threats to validity that we are aware of and 
attempted to minimize by means of various mitigation actions. 
Researcher’s bias: There is a researcher’s bias because only one 
researcher was performing the different stages. We minimized this 

bias by having another expert researcher perform some stages in 
parallel and comparing the results. For the remaining stages, both 
researchers discussed the results of each stage before starting the 
next one with an agreed set. The analysis after the extraction was 
also reviewed and discussed. 
Publication bias: We acknowledge that it is nearly impossible to 
achieve complete coverage of all publications written in the 
specific topic. We tried to find as many of the relevant 
publications as possible by using a meta-search engine covering 
the most important search engines, conferences, and journals for 
this topic. In addition, we defined our research question in 
advance, performed a multi-stage process, and documented all 
inclusions and exclusions in order to avoid selection bias. 
Additionally, our search especially the data sources did not cover 
industrial presentations on non-scientific conferences. This would 
increase the validity of the findings. 
Another problem with publications is the absence of negative 
publications reporting on practices that did not work as expected. 
This is also the reason why the number of non-usages of agile 
practices is low. In general, this is a problem encountered in all 
literature reviews. 
In addition, we mentioned in the review method that we had a 
look on the latest publications from 2010 up to mid of 2013. This 
was the case because of time restrictions.   

7. CONCLUSION 
This paper presented a mapping study regarding the usage of agile 
practices in industry. This study was described in detail, from the 
planning with the detailed research questions via the execution to 
the presentation and analysis of the result of the publications up to 
2010. Among the results we presented a map showing the 
combination of agile practices with the domains and practices as 
stated in the study goals. The results of this study provide 
evidence that the usage of the appropriate agile practices is very 
important for industry. 

By performing this study and analyzing its results, we have gained 
a better understanding of the usage of agile practices in industry in 
general and for different domains and processes in particular. The 
study also enriches existing literature studies in the area of agile 
software development, which did not covered the aspect of agile 
practices. 

An important follow-up work to this study would be to analyze 
the published studies that are excluded after stage 4 in order to get 
more datasets. This is not that much time-consuming because we 
already performed stages 1 to 4 with all studies, downloaded 
them, and documented them in our Excel sheet. Additionally, an 
idea was a follow-up search specifically for the single agile 
practices. Another addition to increase the scope of the results 
would be to combine the findings of other literature reviews or to 
perform a detailed comparison with the Agile Development 
Survey [25].  

Furthermore, we are planning to use the results of this study to 
prepare for interviews using interview guidelines to collect direct 
evidence from industrial companies. This would also reduce the 
bias that negative results were not published because we can 
discuss and collect these data face-to-face with practitioners from 
industry.  
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