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Abstract

Agile methodologies have long been successfully applied to smaller software development projects with
limited team sizes. In recent years, some firms have started to transfer agile methodologies to the whole
organization. However, large-scale agile transformations are challenging and require a comprehensive view
of cultural, operational, and strategic aspects. This paper systematically reviews available large-scale agile
practices from the literature and provides a holistic overview of different large-scale agile practices. In total,
four practice categories, 11 practices, and 19 example concepts were found. The categories are organized in
a framework and serve as a possible entry point for researchers and managers to approach the topic of large-
scale agile development more efficiently and economically.
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Introduction

Since the agile manifesto release in 2001 (Beck et al. 2001), agile software development has become
progressively popular. It can increase time efficiency and software quality (Livermore 2008) and has been
used successfully on a smaller scale. Due to several advantages such as higher customer satisfaction,
increased employee motivation, better productivity, organizations such as Amazon, Salesforce, Yahoo have
started to scale agile methodologies beyond individual teams (Dikert et al. 2016; Dyba and Dingsoyr 2009).
Large-scale agile typically applies to organizations where 50 or more people in at least six teams work
according to agile principles (Dikert et al. 2016).

However, the transformations to large-scale agile development are complicated as they tackle operational,
strategic, and cultural aspects (Karvonen et al. 2018). A literature review conducted by Dikert et al. (2016)
showed that large-scale agile methods are insufficiently addressed in the literature. Many organizations
have problems tailoring the agile methods to their needs. Even though scaling frameworks like Scaled Agile
Framework (“SAFe”) offer an "all-in-one" solution, most organizations use a mix of different methods and
practices (Laanti and Kettunen 2019), thereby creating a need for a complete overview of large-scale
practices that are not confined by a single framework.

This review tries to fill this gap by providing a holistic overview of large-scale transformation practices.
Furthermore, this review aims to give managers a brief outline of the topic and a structure to identify gaps
in their transformation approaches.

The review includes four parts. After the introduction, the term "large-scale agile" is defined. The second
part describes the research methodology in more detail. Subsequently, the qualitative results are presented.
Finally, the last part discusses the results and gives an outlook on future research.
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Research method

We conducted a systematic literature review on "agile at scale transformation practices". The search for
possible sources was not confined to geographical region, research methodology, or one journal set
(Webster and Watson 2002).

To reduce the likelihood of bias as suggested by Kitchenham and Charters (2007), we defined three
inclusion criteria:

e study contents should be about large-scale agile development
e study contents should be about agile transformations in an organization
e study contents should sufficiently describe at least one large-scale agile practice

Afterward, a preliminary analysis of the topic determines each criterion's optimal search strings. Therefore,
the database "Google Scholar" was searched with the search terms "agile at scale" and "large-scale agile",
and the results to identify potential search strings were identified. For the criterion "large-scale agile", the
search terms "large-scale" and "agile at scale" were found. To fulfill the criterion "organizational
transformation”, we selected the search terms "transformation”, “implementation”, “adoption”,
“introduction”, and “rollout”. The criterion "large-scale agile practices" was not included in the preliminary
analysis; instead, it is achieved by the filtering steps below. The final search string is composed as follows:
("large-scale agile" OR "agile at scale") AND (transformation OR adoption OR introduction OR rollout
OR roll-out).

After the preliminary search term analysis, we searched the following databases using the defined search
strings: ACM Digital library, ScienceDirect, IEEE Explore, EBSCO Host, and AISeL. Two filters refined the
searches afterward. Initially, we filtered the source types. Thereby newspaper articles were not included in
the search results. For the next step, we limited the language by only including English publications in the
results. 541 eligible papers were found and used for further analysis.

To select relevant literature, we applied a four-step filtering process. First, we removed the duplicates.
Secondly, we reviewed the titles of the publications for relevance. Papers with a title not clearly related to
agile at scale were removed. Ambiguous cases were kept and filtered in the following steps. Thirdly, we read
the abstracts to verify whether the three inclusion criteria listed earlier were met. Finally, we checked the
remaining 132 publications for compliance with the criteria by analyzing the entire study. In particular,
papers were rejected that provided a reference to practices in their abstract but did not provide a sufficient
description in the full text. A sufficient description is given if the practices are a central part of the analysis
and presented comprehensively. The detailed steps are shown in table 1.

Filter process step Number of results
Database results 541
1 Remove duplicates 428
2 Relevance by title 276
3 Relevance by abstract 132
4 Relevance by full text 19

Table 1. The filtering steps and their numbers of results

We categorized the selected literature into four different practice categories (see Appendix 1). The categories
agile program and agile enterprise practices were adopted from Laanti (2013). Since the paper refers to
"large-scale agile" practices (see introduction) and much literature already exists for team-level practices,
we did not examine team-level practices further (e.g., Brhel et al. 2015; Eloranta et al. 2016; Hossain et al.
2009). Nevertheless, it should be noted that team-level practices play an essential role in the agile
transformation and must be incorporated into a transformation approach. Furthermore, we identified
transformation practices with the two widely used transformation approaches bottom-up or top-down and
agile scaling frameworks as a separate category because they mostly consist of combining different
practices.
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Results

The following sections briefly describe the agile practice framework (see figure 1), including its four
categories and twelve practices. Every practice serves a different goal and attempts to solve a specific
problem. Considering that there are many ways to put the practices in concrete actions, the following
categories describe typical example concepts to explain how the practices could be implemented. Finally,
table 2 provides a condensed overview.

Agile
enterprise
practices

Business Unit

Agile change Bottom-Up Agile scaling
practices frameworks

Top-Down
Agile program
practices

Local Agile team practices
(not in focus here)

Figure 1. The different agile practices framework (adapted from Laanti 2013)

Transformation
approaches

Agile change practices

In this category, we grouped practices that focus on the agile transformation change itself. The group
includes practices to perform and support the transformation process to adopt agile at scale organization-
wide. It should be noted that these practices are not exclusive to agile transformations. However, an "agile
change approach" with iterative feedback loops and continuous learning and improvement can help manage
an agile large-scale transformation (Taribuka and Amrit 2020). The category is intended to provide an
overview of the change practices analyzed in the literature to support practitioners' agile transformation
process.

The literature reveals two generally used transformation approaches. The bottom-up approach usually
starts the transformation at the team level and proceeds hierarchically upwards. The other identified
approach, the top-down approach, begins at the enterprise/business unit level and conducts the change
hierarchically downwards (Dikert et al. 2016; Schuch et al. 2020). The majority of the analyzed
transformations use the bottom-up approach.

We identified two concrete change practices. The first one is the establishment of a cross-functional change
team. The team's goal is to spread the agile mindset, analyze processes, and manage the transformation
(Fry and Greene 2007). The change team usually consists of in-house staff and often involves the agile
teams' leaders (Fry and Greene 2007; Garzon et al. 2018).

The second practice is the use of agile methodologies to perform the transformation. It is motivated by the
given uncertainty and the high risk of large changes. Two agile methodologies were used in particular:
Scrum- and Lean-change. For the scrum methodology, the change team divides the change process into
sprints. With each sprint, the change progresses iteratively. The sprint's output primarily consists of
established, smaller scaling practices within a relatively small group of teams (Fry and Greene 2007; Garzon
et al. 2018). The lean-change method works similarly to the iterative process. Based on the "lean startup”
concept by (Ries 2011), the methodology uses "Minimum Viable Changes "to validate the transformation
assumptions. E.g., “four motivated, agile adopters can be found to bring the agile transformation into the
company”. In a build, measure, learn cycle, the riskiest assumptions are first checked for validity. E.g.,
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conducting agile workshops and testing whether enough enthusiasts can be found. Afterward, the
assumption is checked, and new assumptions are made based on feedback (Hui 2013). Agile changes may
increase the chances of success and reduce transformation duration (Hui 2013; Karvonen et al. 2018).

Agile program practices

This category summarizes all practices which are supposed to ensure agility within a program. It contains
practices that solve typical cross-team problems. The primary goal is flexible overarching team coordination
aimed towards aligning all teams to create value. The category differentiates between five practices: (1)
inter-team coordination practices, (2) Knowledge sharing practices, (3) Technical integration practice, (4)
Continuous improvement practices, and (5) Architecture practices. Inter-team coordination practices aim
at coordinating teams and aligning them towards a common goal. We found three different concepts among
the described practices. The first concept is the establishment of demos. Demos are rounds of presentations
in which, for example, a team presents a newly created feature. The presentation of current topics helps
teams to understand what the other teams are currently working on and breaks the "silo-thinking" (Kalenda
et al. 2018; Paasivaara et al. 2018; Rolland 2016). The second concept is the establishment of a "heartbeat".
A heartbeat is a synchronized iteration to which all teams adhere. The synchronization is supposed to help
align teams to perform better consistent release cycles (Fry and Greene 2007; Putta et al. 2018; Uludag,
Kleehaus, et al. 2019). The last concept is the introduction of coordination meetings. Seven publications
mentioned at least one form of coordination meeting, usually involving all relevant stakeholders from the
various teams. Those meetings aim to identify challenging issues in the next iteration or align the teams to
the strategy. (Fuchs and Hess 2018; Rolland 2016)

Knowledge sharing practices aim to spread knowledge and best practices within the company and break
down knowledge silos. All examined publications that described knowledge sharing practices used one
concept: Communities of Practices (CoP). CoPs are groupings of experts with similar areas of expertise. The
experts set up groups voluntarily to exchange information on the topic regularly. (Fuchs and Hess 2018;
Uludag, Kleehaus, et al. 2019) This exchange aims to avoid the repetition of errors and distribute knowledge
more effectively within the company. CoPs have a wide range of benefits, including helping to drive strategy,
starting new lines of business, providing an arena for problem-solving, transferring best practices,
developing professional skills, and increasing the retention of talent. (Wenger et al. 2002)

Technical integration practices are practices to support and enable technical integration and agile
development. The analyzed literature introduced two concepts. The first concept describes technology's use
to enable continuous integration of software components (Fuchs and Hess 2018; Rolland 2016; Smart
2018). The choice of technology is very case-specific, e.g., Jenkins. The second concept is the use of software
to support the management of agile methodologies, e.g., Jira (Paasivaara et al. 2018). The software is
usually designed to provide digital support to the teams to provide transparency and simplify coordination
also across different teams.

The area "Continuous improvement" contains practices to improve scaling practices continuously. The
literature mentioned a familiar concept. So-called "scaled retrospectives" can be carried out, in which,
similar to the one-team variant, retrospectives are performed with all teams. Representatives of the
individual teams meet regularly to talk about the methodology and give feedback for improvement. The
responsible persons take up the suggestions and improve them (Kalenda et al. 2018). Such feedback loops
can take place at all levels and serve to improve the processes continuously.

Architecture practices are used to coordinate the (software) architecture. We were able to identify two
concepts. First, "Undone departments"” introduces a group supporting development teams to achieve a full
iteration/Sprint. The group helps with all team-wide concerns from architectural design to quality
assurance (QA) activities (Kalenda et al. 2018). Second is the practice of introducing an architecture
committee, a group of people who meets regularly and makes relevant architectural decisions, much like a
specialized community of practice (Uludag, Négele, et al. 2019; Uludag, Proper, et al. 2019). The difference
between the two practices is that undone departments are more flexible, while architecture committees hold
regular meetings to discuss architectural topics.
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Agile enterprise practices

The following section groups the practices that improve the company/enterprise-agility. This section covers
two practices.

The first practice is to build an agile mindset within the organization. The practice can be implemented by
convening annual “Future Vision”- meetings for the entire organization. Agile coaches, the management
team, and developers discuss and define the core agile values in these meetings. To share the values with
the whole organization, another specific concept can be to set up “value workshops” where employees create
a shared vision through multiple workshops (Paasivaara et al. 2018).

The second practice is the use of leadership to support agility. It is essential to involve middle management
and assign new roles (Smart 2018). Furthermore, the management should build new leadership
competencies and act as an ambassador of the agile mindset. A leader with a “Transformational
Leadership”-skillset encourages the team to work towards a common goal through vision, communication,
intellectual stimulation, personal recognition, and the evident caring about the followers' personal needs
(Rafferty and Griffin 2004). Transformative leaders enable the necessary agile practices and impact the
team's IT performance (Puppet Labs 2017).

Agile Scaling frameworks

Agile scaling frameworks are frameworks to support the scaling of agile software development in an
organization. There are nine different large-scale agile frameworks listed in the Agile Scaling
Knowledgebase Decision Matrix (Dolman and Spearman 2017). According to the 14th annual state of agile
report, the two most popular frameworks are the Scaled Agile Framework (“SAFe”) and Scrum of Scrums
(Digital.ai 2020). Within the analyzed literature, six publications referred to frameworks. 66% of those
mentioned the framework SAFe, and 33% the framework Large Scale Scrum (“LeSS”). The following
sections describe both frameworks and tailoring processes to customize agile practices.

Craig Larman and Bas Vodde released the LeSS framework in 2008 (Larman and Vodde 2008). The idea
behind the Large Scale Scrum ("LeSS") framework is to take the basic one-team Scrum and scaled it to fit
in a larger environment. There are two versions of LeSS. The "normal" LeSS is applicable for up to eight
Scrum teams. The other version is the "LeSS Huge", which can be applied to a few thousand people on one
product (Paasivaara and Lassenius 2016). It preserves many practices already known from the one-team
Scrum:

single product backlog

the same definition of “done” for all teams

synchronized sprints leading to a potentially shippable product after each sprint
single product owner

Scrum meetings are modified for multiple-team development by including members from other or all
teams. A fundamental principle behind the "LeSS Huge Frameworks" is to divide the product into
requirement areas, each having an Area Product Owner with 4-10 feature teams and prioritized area
backlogs. Every area performs its sprint planning, meetings, sprint reviews, and retrospectives (Uludag,
Kleehaus, et al. 2019).

Dean Leffingwell designed the Scaled Agile Framework (SAFe) to scale agile software development to large
enterprises. The framework features four levels: team-, program-, portfolio-, and the optional value-stream-
level (Alqudah and Razali 2016; Vaidya 2014). It utilizes Scrum with XP engineering practices at the team
level, but applying Kanban is also possible. The framework introduces agile release trains (ARTs) at the
program level, which is the analogy to Sprints at the team level, operating at a slower time frame (Paasivaara
2017). ART's follow the HIP (Hardening, Innovation, Planning) iterations to develop the Potential
Shippable Increments/Program Increments planned during the release planning days. The program level
also includes additional roles, e.g., system architect, product manager, system team, release train engineer,
and release management team (Alqudah and Razali 2016; Vaidya 2014). The portfolio level allows agile
alignment of strategy and execution. The alignment is done as epics that define large development
initiatives. The value stream level supports the development of large and complex solutions, which require
multiple, synchronized ARTs (Paasivaara 2017).
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Even if the frameworks offer a theoretically working concept to scale agile practices, according to a study
by (Laanti and Kettunen 2019), only 5% of respondents stated that they are using SAFe as the only method.
Seven of the examined publications did not adopt a uniform methodology but instead tailored their own.
We found two general practices for tailoring. The first practice is "cherry-picking", where the most suitable
practices are picked from various methodologies (Garzén et al. 2018), e.g., Lean, Scrum, Extreme
Programming. Using cherry-picking as the only practice can be difficult because no "overreaching"
structure is in place to connect the practices (Paasivaara et al. 2018), e.g., one standardized way to
communicate regularly. The second practice is adding, removing, or modifying a given method or
framework to fit the requirements. Three of the examined studies used this practice to customize their large-
scale practices or frameworks (Fry and Greene 2007; Fuchs and Hess 2018; Uludag, Kleehaus, et al. 2019).

Practice category

Practices

Example concepts

practices

Agile change Leverage agile Lean-change
practices methods for change | Scrum-change
process
Build up a cross- (no concept given)
functional change
team
Agile program Implement inter- Organize demos
practices team coordination Synchronize the sprints (Create a "heartbeat")

Organize coordination meetings (planning,
requirements)

Implement
knowledge sharing
practices

Communities of practice

Improve integration by leveraging technology

iﬂ?;g;g:gﬁ Li;léﬁfi Integrate s.oftware to support the management of
agile practices

Implement Scaled retrospective

continuous

improvement

practices

Implement Architecture communities

architecture practices

Undone department

Agile enterprise

Build an

Value workshops

practices organization-wide Oreanize f . . .
agile mindset ganize future vision meetings
Leverage leadership | Establish new competencies in the management
to support agility Give middle management a roll

Agile Scaling Tailor practices Cherry-pick the practices

frameworks Add, remove, or modify a given method or framework
Use agile scaling Large Scale Scrum ("LeSS")
frameworks Scaled Agile Framework ("SAFe")

Table 2. Practices found in the literature
Discussion

Since agile methods were initially designed for smaller teams (Boehm and Turner 2005), most of the
literature deals with agility in general (e.g., Diegmann et al. 2018). However, with the growing trend to
apply agile methods on a larger scale, the topic of large-scale agility is becoming more critical than ever
(Uludag et al. 2020). Thus, this paper makes several contributions to existing research. First, this paper
complements the various sources on agile team practices that can be used to implement agility on a program
or enterprise level. Second, the paper arranges existing large-scale agile practices in a helpful structure that
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emphasizes the different focus of the various practices. Third, the framework provides a solid foundation
for further investigating large-scale agile practices in the future, independent of commercial frameworks.

Practitioners can use this paper to further structure the large-scale agile transformation within their
organization. The developed framework can be helpful to classify transformation-relevant processes and to
compare known scaling frameworks for applicability. Furthermore, the concrete concepts provide an
overview of ready-to-use tools to help to implement large-scale agile in an organization.

Finally, this paper provides a foundation for further research on large-scale agile practices. Overall, there is
little literature on large-scale agile transformation practices. Many publications only name the practice but
do not describe them in detail. There is a need for more case studies that describe concrete practices.
Furthermore, different terms were often used to describe similar practices. Uniform terminology for
practices could make research on the topic more accessible. Even though the concepts “lean-change” and
“scrum-change” are well-known, introducing agile at scale in an organization still lacks more detailed
research. The practices on program agility are more matured but leave a gap regarding the alignment with
the organizational strategy. Further, enterprise practices and tailoring practices lack the level of detail and
overall diversity. With agile scaling frameworks, practices are visible and well known. However, it would be
valuable to compare the underlying practices in more detail and map their strength and weaknesses
regarding the different practice categories. The following questions about large-scale practices appear
particularly promising for future research:

How should the selection process of agile frameworks look like?

How do you implement a hybrid-agile-change (agile and non-agile techniques)?
What practices are used to align the products with the organizational strategy?
What scaling practices are used to enable agility on the enterprise level?

What practices are used to tailor agile scaling frameworks?

Our study is not free of limitations. First, the literature review might not be exhaustive due to search string,
limited databases included, and new papers that might have been published after this research. We
conducted our analysis based on five different databases. Therefore, literature that cannot be found in the
databases was not included in the review. In order to meet all inclusion criteria, much literature was filtered
out manually. The selected papers are therefore subject to a selection bias. By filtering the title first, relevant
papers with ambiguous titles could be excluded from the analysis. Second, we argue that the classification
of practices provides a helpful overview of these practices for further research and their application in
business practice. However, this classification is certainly not perfect and very like subject to our individual
experiences and bias (Nickerson et al. 2013). Third, we summarized several practices as duplicates, even
though they were differently named. We could have avoided this by skipping this step, but we were
convinced that the benefit of not having to review very similar or identical practices multiple times
outweighs this disadvantage.

Conclusion

The literature review provides a holistic view of large-scale agile practices from 16 studies. It describes in
four practice categories, 11 practices, and 19 example concepts a possible entry point for researchers and
managers to approach the topic of large-scale agile more easily. Thereby, it hopefully aids in making the
tremendous benefits of agile working methods also more easily available for large-scale agile
transformations.
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