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Abstract—The widespread use of agile methods shows a fundamental shift in the way organizations try to cope with unpredictable competitive environments. In large-scale agile settings,
multiple development activities need to be coordinated to achieve
desirable enterprise-wide effects and agility. A powerful instrument to effectively guide and steer large-scale agile endeavors
is the formulation and usage of architecture principles. Despite
their raison d’être to guide large organizational transformations,
extant studies on how principles can be used to support largescale agile transformations are still lacking.
Against this backdrop, we present a multiple-case study involving five German companies that aims to shed light on
the establishment of architecture principles to support largescale agile transformations. Based on our results from sixteen
semi-structured interviews, we present current practices as well
as challenges faced by organizations during the application of
architecture principles. In addition, we show a set of principles
used to support large-scale agile transformations.
Index Terms—Architecture principles, large-scale agile transformation, multiple-case study

I. I NTRODUCTION
Today’s business environments are characterized by uncertainty and turbulence, stemming from factors such as regulatory uncertainties, continuously changing customer demands,
and rapidly evolving technological advancements [1]–[3]. As a
consequence, enterprises pursue large-scale agile transformations to deal with dynamic environments and to sustain their
survival [4], [5].
These transformations entail new managerial challenges [6],
[7] such as doubts and skepticism towards the new way of
working [8], [9] or middle managers blocking transformation
processes [8], [9]. Further challenges include coordination and
alignment issues between large-scale agile activities as well
as between agile and non-agile business units [8], [10]. An
additional issue is the unclear interplay between top-down
architecture governance efforts and bottom-up autonomy of
agile teams [11], [12].
The latter two challenges can be addressed by applying architecture principles. Architecture principles provide a simplerule-like instrument to effectively guide large-scale agile transformations by restricting design freedom in a purposeful

manner while avoiding “Analysis Paralysis” or “Big Design
Upfront” [13]–[15].
Notwithstanding the importance of architecture principles for
large-scale agile transformations, extant literature disregards
(1) the way architecture principles are formulated and applied
in this context, (2) the challenges faced during their application, (3) and the principles used to support large-scale agile
endeavors. Against this backdrop, we formulate the following
research questions:
RQ 1: How are architecture principles established to support
large-scale agile transformations?
RQ 2: Which challenges do organizations face when formulating and using architecture principles?
RQ 3: Which architecture principles are used to support largescale agile transformations?
The remainder of this paper is structured as follows. In Section II, we portray the research design of our paper. Section III
introduces a set of definitions and reports on the current state
of research. Section IV presents the results of the multiplecase studies. In Section V, we discuss our main findings and
limitations before concluding our study with a summary of
our results and remarks on future research in Section VI.
II. R ESEARCH M ETHODOLOGY
Given that our research is motivated by a practical problem, we
applied case study research as it provides an in-depth overview
of real-life situations and contemporary phenomena [16].
Hereafter, we outline the design of this case study in line with
the guidelines of Runeson and Höst [17].
Case Study Design: Our main goal is to explore current practices and challenges in the establishment of architecture principles in large-scale agile transformations. Based on this objective, we formulated three research questions (see Section I).
Our study employs a multiple-case study design with five
organizations that allows cross-case analysis [18]. The cases
were purposefully selected because they undergo major largescale agile transformations and have a long history in using
architecture principles in their EAM (enterprise architecture
management) endeavors. This allows us to observe how they

adapted the application of principles and which difficulties
they experienced during this adaptation. We selected cases
from various industries to avoid industry bias. Table I provides
an overview of the case organizations and interviews.

TABLE I
C ASE ORGANIZATIONS AND CONDUCTED INTERVIEWS
Code name

Employees

Global insurance
company (“Global- 140,000+
InsureCo”)

InterPosition of interviewees
views
2

Car manufacturer
(“CarCo”)

130,000+

4

IT company
(“ITCo”)

7,000+

2

Retail company
(“RetailCo”)

50,000+

4

Public sector insurance company
6,700+
(“PublicInsureCo”)

4

Enterprise architect
Chief technology officer;
enterprise architect;
group lead IT;
requirements engineer;
scrum master
Enterprise architect;
product owner
Chapter lead business process
architecture; enterprise architect;
product owner; scrum master
Agile developer; enterprise
architect; head of IT
governance department

Data Collection: We focused primarily on first- and thirddegree data collection techniques [19]. We used first-degree
methods to get in direct contact with the subjects and to
collect data in real time. To this end, we conducted sixteen
individual and group interviews. In almost all companies,
at least one senior executive, one enterprise architect (EA),
and one member of an agile team (AT) were interviewed to
gain a diverse perspective on the subject under investigation
and to triangulate our findings. The interviews followed a
semi-structured questionnaire and were rather conversational
to allow interviewees to explore their views in detail [18]. Each
interview lasted 30-70 minutes and was primarily conducted
in face-to-face meetings. At least two researchers were present
to facilitate observer triangulation [17]. We supplemented our
interview findings with third-degree data collection techniques
that allowed us to analyze existing work artifacts and available
data. Here, slide decks and wiki pages of the cases provided us
with detailed information about the documentation and application of architectural principles. The purposeful selection of
several data sources and roles from different case organizations
facilitated the triangulation of data sources [20].
Data Analysis: We recorded and transcribed the interviews
and then coded them with the slide decks and wiki pages
using open coding [21]. The data analysis procedure was
supported by the data analysis software MAXQDA1 . We then
consolidated the preliminary codes and checked them for
consistency and completeness. Subsequently, we combined
groups of code phrases into concepts that were later related to
the formulated research questions.

1 https://www.maxqda.com/

III. BACKGROUND AND R ELATED W ORK
A. Large-Scale Agile Transformation
Literature on the large-scale adoption of agile methods often
involving a discussion about the meaning and conceptualization of “agile in the large” [22], [23]. The term “largescale agile development” has multiple interpretations: (1) the
use of agile methods in large teams, (2) the employment of
agile methods in large organizations, (3) the application of
agile methods in large multi-team settings or (4) the usage
of agile practices in organizations as a whole [24]. In this
paper, we focus on the latter two interpretations. In line
with the authors of [6] and [8], we understand the largescale adoption of agile methods on an organizational level
with multi-team settings consisting of 50 or more people or
at least six teams. The second part in the term “large-scale
agile transformation” refers to the transition from traditional
development approaches to agile methods. This may involve a
one-time big bang transfer to agile methods in a large setting
or a step-by-step approach in which an agile pilot is then
sccomaled up into a large setting [6].
B. Agile architecture
In [25], the authors discuss the connection between agility
and architecture, in particular involving suggestions towards
architecture processes in an agile context.
The latter needs to strike a balance between the “bottom
up” orientation of an agile approach with the “top down”
tendency of traditional architectural approaches. This results in
the suggestion to indeed take the overall architecture process
as put forward by [26], involving creating, applying, and
maintaining an architecture, on board, but to treat these three
core activities as parallel streams rather than a cyclic sequence.
In [25], it is also suggested that is a good (agile) practice to
ensure that architecture largely emerges from projects, and is
not just invented from the top down. The focus should be on
those aspects that really need to be decided at an enterprisewide level. In line with this, it is also suggested to focus
architectural work towards a risk-driven approach and the
management of (cross project) refactoring and technical debt.
C. Flavours of principles
Architecture principles provide a powerful, simple-rule-like
instrument to effectively guide and steer large-scale transformations by restricting design freedom in a purposeful
manner [14]. As such, and in line with the discussion in
Section III-B, they provide a means to materialize the guiding
and steering role of EAM by focusing on the essential considerations [13]–[15], [25], while avoiding “Analysis Paralysis”
or “Big Design Upfront”.
It is important to clarify the two important flavours of principles that play a role in EAM. As argued in [27], in an
architectural context, there are two important interpretations
of the notion of principle. The first interpretation considers a
principle as a law or fact of nature underlying the working
of an artifact [27]. As an example, consider the Archimedes
principle from the field of nautic engineering, which states

D. Architecture principles
The two flavours of principles as discussed above, are fundamentally different in nature. A law or fact of nature (is
expected to) be true by its very definition. It may be required
to gather (further) evidence to prove / falsify its correctness,
however, no additional “compliance” checking mechanism is
needed. Nevertheless, these principles are also relevant in an
architectural context, as they may provide the motivation for
decisions [29], [30].
Principles as being declarative statement that normatively
prescribes a property of something will not hold by definition. They require some additional mechanism, and associated
effort, to enforce, or at least ‘invite’, compliance to the
principle. Principles this sense, potentially provide the means
to articulate high level design decisions, providing directions
/ guidance towards more specific design [26], [27], [31], [32].
Both flavours of principles are relevant in an EAM context. Nevertheless, most scholars and practitioners, including
the IEEE standard on architectural descriptions [33] and
TOGAF [34], focus on the interpretation as a declarative
statement that normatively prescribes a property of something,
which is then referred to as architecture principles [27].
However, the author of [30] suggests that, in conformance to
the use of the word principle in other disciplines, e.g., civil
engineering, it would have actually been better to use the word
architecture principle in the sense of a law or fact of nature.
In this paper, we follow the interpretation as currently used
within the field of EAM, as being a declarative statement [27].
E. Generic Architecture Principles Process
In [27], the authors suggest a generic process to handle the
life-cycle of architecture principles (see Fig.1). As discussed
in [27], this generic process has been distilled from existing
methods, research, and case studies on architecture principles.
The process itself consists of eight sub-processes:

Assess
Determine
drivers
Determine
principles

Act

Handle
changes

Manage
compliance

Specify
principles

Apply
principles

Aim

that “any object, wholly or partially immersed in a fluid, is
buoyed up by a force equivalent to the weight of the fluid
displaced by the object”. Closer to our world, An example
from general systems engineering is the law of requisite
variety [28], which conveys the fact that the number of states
of a control mechanism must be greater than or equal to the
number of states if the part of the system that needs to be
controlled.
The second interpretation considers a principle as a declarative
statement that normatively prescribes a property of something [27]. General examples include the ten Commandments
from the Bible, e.g., Thou shalt not murder and Thou shalt
not commit adultery. In an EAM context, an examples would
be: Clients can access the entire portfolio of services offered
by any part of the government by way of all channels through
which government services are offered. Such principles may
also express fundamental beliefs on how things ‘ought to be’,
such as: No wrong doors (suggesting that clients should be
helped by which ever channel they approach the enterprise)
and The customer is always right.

Classify
principles
Validate
and accept
principles

Fig. 1. Generic process for handling architecture principles [14]

Determine drivers where the relevant inputs for determining
architecture principles are collected, such as the goals and
objectives, issues and risks.
Determine principles where the drivers are translated to a list
of (candidate) architecture principles.
Specify principles where the candidate principles are specified
in detail, including their rationale and implications.
Classify principles where architecture principles are classified
in a number of dimensions to increase their accessibility.
Validate and accept principles where architecture principles,
their specifications and classifications are validated with relevant stakeholders and formally accepted.
Apply principles where architecture principles are applied to
construct models and derive design decisions in downstream
architectures, requirements and designs.
Manage compliance where architects ensure that the architecture principles are applied properly, and dispensations for
deviations may be given.
Handle changes where the impact of all sorts of changes
on the architecture principles is determined and new method
iterations may be initiated.
Being a generic process, it would have to be translated to
organization-specific process catering for the situation at hand
[14]. This of course, also involves the integration with the
architecture and agile practices used in a specific organization.
For example, the generic process as such does not specifically
require a top-down or bottom-up approach to the actual
formulation of the principles.
F. Collaborative formulation of architecture principles
In general, and in an agile context in particular, the formulation of architecture principles requires a close collaboration
between different stakeholders. To this end, the generic process
as depicted in Fig. 1 can be refined with a situation specific
collaborative strategy. The field of collaboration engineering
[35] has proposed the notion of ThinkLets (“a known pattern

TABLE II
OVERVIEW OF THE CASE ORGANIZATIONS
GlobalInsureCo

CarCo

ITCo

RetailCo

PublicInsureCo

Transformation
begin

Beginning of 2016

Beginning of 2017

Beginning of 2015

End of 2017

Mid of 2016

Reasons for the
transformation

Effectiveness, quality,
and efficiency;
Time-to-market;
Modern working
environments;
Customer-centricity

Development speed;
End-to-end responsibilities

Finding young and
motivated employees;
Short response times

Time-to-market;
Flexibility to changing
conditions;
Customer experience;
Collaboration between
business & IT

Business model changes;
Time-to-market;
Customer satisfaction;
Flexibility in software
development

Used scaling
frameworks

Large-Scale Scrum;
Scaled Scrum;
Spotify Model

Large-Scale Scrum;
Scaled Agile Framework;
Scaled Scrum

Large-Scale Scrum;
Scaled Agile Framework;
Scaled Scrum

Scaled Agile Framework;
Scaled Scrum;
Spotify Model

Enterprise Scrum;
Nexus;
Scaled Agile Framework;
Scaled Scrum

Transformation
approach

Factory approach
with dedicated colocations

Transformation
scale

Enterprise-wide
transformation

Driven by the CIO
and executives;
Line of business
piloting
Enterprise-wide
transformation

Steered by a central
transformation team
Enterprise-wide
transformation

of collaboration among people working together toward a
goal”, [35]) to construct collaborative strategies. Different
collaborative strategies for the formulation of architecture
principles have been explored in e.g., [13], [36], [37].
IV. E STABLISHING A RCHITECTURE P RINCIPLES TO
S UPPORT L ARGE -S CALE AGILE T RANSFORMATIONS
In this section, we consider the results of a multiple-case study
in the use of architecture principles to support large-scale agile
transformations.
A. Case Descriptions
Table II provides an overview of the investigated organizations
and their ongoing large-scale agile transformations.
B. Current Practices
We used exploratory questions to identify current practices
in establishing architecture principles. Thereby, we asked the
interviewees about following categories: (1) drivers and goals,
(2) responsibilities, (3) documentation, (4) communication, (5)
and compliance. Our results are presented below.
First, we asked interviewees to indicate their external drivers
for defining architecture principles and the goals they pursue
with the application of principles. An overview of drivers and
goals can be found in Table III and Table IV2 .
We observed several similarities between the case companies
regarding responsibilities for defining and creating architecture principles, e.g., across all case organizations, EAs were
responsible for the process of establishing architecture principles. Second, everyone was able to propose architecture
principle candidates. Based on these, EAs specified architecture principles. At GlobalInsureCo and CarCo, ATs could
specify principles who were supported by EAs. Here, EAs
refined principles and provided feedback. Final approval of
2 For space reasons, we only listed recurring drivers and goals that have
been mentioned in at least two organizations.

Piloting large projects;
Line of business piloting;
Driven by management
board
Enterprise-wide
transformation

Piloting large projects;
Line of business piloting
Enterprise-wide
transformation

TABLE III
M AIN E XTERNAL D RIVERS TO E STABLISH A RCHITECTURE P RINCIPLES
External
Drivers
Regulatory
Requirements
Technological
Advancements
Changing Business Models
Changing Market Conditions
Product
Innovations

GlobalInsureCo

CarCo

ITCo

RetailCo

PublicInsureCo

3

3

3

3

3

3

3

3

3

7

7

3

3

3

3

7

7

7

3

3

7

3

7

7

3

architecture principles was subject to a central architecture
committee or an architecture community consisting of EAs
and AT members. The participants also stated that architecture boards have been increasingly replaced by architecture
communities.
All case companies used specification templates for documenting architecture principles. Table V provides an overview
of the respective attributes. All case companies used at least
the sections Name and Description for documenting their
principles. The comparison also shows that they all used
similar attributes to TOGAF, i.e., Name, Rationale, and Implications [38]. GlobalInsureCo, RetailCo, and PublicInsureCo
extended the specification template by a Binding Nature attribute to indicate recommended or mandatory principles. In
addition, RetailCo used the Validity Range section to express
the organizational units or levels where a principle should
be applied. RetailCo and PublicInsureCo added an Examples
section to illustrate how a principle can be applied. Last but not
least, a See Also section provides references to other principles
or standards. The case companies used their team collaboration
tools to make their architecture principles available.
In all case organizations, architecture principles became valid

TABLE IV
M AIN G OALS FOR A PPLYING A RCHITECTURE P RINCIPLES
Main
Goals
Software Quality /
Code Quality
Efficiency /
Effectiveness
Reusability /
Standardization
Common Direction / Alignment
Balancing Upfront & Emergent
Architecture
Compliance /
Security
(IT) Strategy
Operational
Reliability
Flexibility /
Adaptiveness /
Responsiveness
Empowered Teams
Time-to-Market

GlobalInsureCo

CarCo

ITCo

RetailCo

PublicInsureCo

3

3

3

3

3

3

3

3

3

3

3

3

7

3

3

7

3

3

3

3

7

3

3

3

3

3

3

7

7

3

7

3

3

3

7

3

7

7

3

7

7

7

7

3

3

7
7

7
7

7
7

3
3

3
3

C. Challenges

TABLE V
D OCUMENTATION T EMPLATES OF A RCHITECTURE P RINCIPLES
Attributes
Name
Definition
Description
Rationale
Implications
Binding Nature
Validity Range
Examples
See Also

reviews at the end of product delivery would provide a way
to identify compliance deviations, participants explained that
continuous compliance verification within the Sprints would
be more preferable to steer ATs in the right direction and
save future and expensive refactoring processes. An interesting
approach we observed was that in some cases the architecture
principles were used as acceptance criteria in the Definition
of Ready (DoR)3 (CarCo, RetailCo).

GlobalInsureCo
3
7
3
3
7
3
7
7
3

CarCo

ITCo

RetailCo

3
7
3
3
3
7
7
7
7

3
7
3
7
7
7
7
7
7

3
3
3
7
3
3
3
3
3

PublicInsureCo
3
3
3
3
3
3
7
3
3

for all future development endeavors after final approval by an
architecture board or community. Apart from a few exceptions,
e.g., due to security issues, existing IT systems were not
affected by new principles. This rule is also called “grandfathering”. The cases used both pull and push strategies to communicate new architecture principles. Pull strategies included
publishing architecture principles in central EAM repositories
and wikis where ATs had to actively gather information.
In contrast, push strategies comprised the communication of
principles via status calls, emails or architecture communities
that relay the information to the ATs.
Last but not least, we asked the interviewees how they
ensure the compliance of architecture principles. Our main
observation was the lack of appropriate tools and (automated)
control mechanisms to verify and control compliance. The
compliance check was mainly performed manually, either
through a random review of an architecture board (GlobalInsuraceCo, CarCo) or through a sporadic review of a team
architect (RetailCo, ITCo). Some participants also stated that
the verification was based on “trust” (CarCo). Although code

We were also curious about the challenges the case organizations faced in formulating and applying architecture principles.
Table VI provides an overview of identified challenges. In
total, we identified twelve challenges of which nine were
observed in at least two case companies. Three interesting
observations can be made: First, in all cases, we observed the
challenge of ATs not understanding the benefits of adhering
to architecture principles. As a consequence, they resisted the
application of principles (see Challenge #1) and prioritized
business value over architectural improvements (see Challenge
#4). Second, we identified the assurance of compliance with
architecture principles as another major challenge for the case
companies due to lack of appropriate tools (see Challenge #2),
lack of assessment criteria (see Challenge #6), and unclear
implications of non-compliance (see Challenge #10). Third,
another major challenge constitutes the actual implementation
of the principles, given the lack of support from EAs (see
Challenge #8) and the lack of feedback cycles to express
difficulties in applying the principles (see Challenge #9).
D. Principles Supporting Large-Scale Agile Transformations
In order to identify a set of suitable architecture principles used
in practice to support large-scale agile transformations, we first
reviewed academic and practitioner literature and collected
proposed architecture principles. Our primary sources were
peer-reviewed EAM-related publications (cf. [39]) as well as
practitioner publications offering comprehensive collections of
principles (cf. [14], [38], [40], [41]). In total, we identified
127 proposed architecture principles, which were analyzed
based on their statements and rationales. During the analysis,
we consolidated similar architecture principles and removed
duplicates. We excluded architecture principles having too
abstract statements and those contradicting agile values or
principles [42]. Based on this analysis, 30 of 127 architecture
principles were considered suitable and made available to
respondents. During the interviews, we asked interviewees
to rate and justify the extent to which a particular principle
is considered relevant for supporting their large-scale agile
transformations, as well as the extent to which it is applied
within the organization. In addition, the respondents were able
to bring their architecture principles used in their organization
to the interviews to compare them with our collection and
supplement it if necessary. In many cases, we were able to
match their principles with one of ours. Only in a few cases,
3 The

DoR is utilized to describe user stories ready for implementation.

TABLE VI
R ESULTS OF THE CROSS - CASE ANALYSIS FOR THE IDENTIFICATION OF CHALLENGES IN THE APPLICATION OF ARCHITECTURAL PRINCIPLES
No.
#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12

Identified Challenges
Lack of understanding and acceptance why ATs
should adhere to architecture principles
Difficulties in controlling compliance of ATs
with architecture principles
Difficulties in communicating new architecture
principles to ATs
Conflicting priorities in terms of delivering business
value vs. long-term architecture improvements
Difficulties in regularly adapting architecture
principles to new environments
Lack of criteria to indicate whether ATs
fulfill compliance
Lack of transparency where architecture principles
to be considered can be found
Lack of concrete implementation guidance
Lack of feedback cycles to determine whether
architecture principles can be applied by ATs
Lack of escalation mechanisms in case of noncompliance
Lack of understanding when architecture principles
are valid
Improper understanding of agile values complicates
the application of architecture principles

GlobalInsureCo

CarCo

ITCo

RetailCo

PublicInsureCo

Occcurences

3

3

3

3

3

5

3

3

3

7

3

4

3

3

7

3

7

3

3

3

7

7

3

3

3

7

7

7

3

2

3

3

7

7

7

2

3

3

7

7

7

2

3

3

7

7

7

2

3

3

7

7

7

2

3

7

7

7

7

1

7

7

3

7

7

1

7

7

7

7

3

1

respondents mentioned organization-specific principles that
were excluded from our results for reasons of comparability.
Fig. 2 provides an overview of how the case organizations have
assessed the relevance of the architecture principles. The architecture principle “Applications do not cross business function
boundaries” was rated as the most relevant principle across all
organizations. Interestingly, “IT systems are standardized and
reused throughout the organiziation” was rated as the second
most relevant principle, although, this principle is perceived
as very restrictive by ATs. This principle is important for EAs
to facilitate the reuse of IT systems and components across
the organization [43].
A list of architecture principles implemented by the case
organizations can be found in Fig. 3. We also identified
a positive correlation between the relevance assessment of
architecture principles and their actual application.
We also asked the interviewees to indicate potential conflicts
between different stakeholders. We identified three typical
conflicts. First, the interviewees saw the biggest conflict in architecture principle intending to standardize technology stacks
of ATs or to specify their technology selection in the upfront.
This conflict typically also leads to the field of tension between
top-down governance and the autonomy of ATs [12]. This
conflict was identified in 8 of the 30 proposed principles
such as “IT Systems Are Standardized and Reused Throughout
the Organization” or “Applications rely on one technology
stack”. The second conflict was the shift from old architecture
paradigms such as legacy systems to new architecture patterns
such as microservice architectures. This conflict was identified
in five architecture principles, e.g., “Applications do not cross
business function boundaries” or “Loose coupling of systems
or services”. Third, the two principles “Buy application when
it does not provide a significant competitive advantage in your

core business” and “Vertical system slicing” were regarded as
promoting the heterogeneity of the IT landscape and conflicting with the idea of standardization.
Last but not least, we asked the participants to name architecture principles that would be unsuitable for supporting largescale agile transformations. The respondents were not able
provide concrete principles but described characteristics of
principles that would hamper large-scale agile transformations.
The majority of the interviewees regarded architecture principles being too restrictive or specific as inappropriate. Also,
principles that would promote highly-centralized decisions
or silos were considered unsuitable. Further, the respondents
regarded principles that focus too much on cost savings and
efficiency as not helpful.
V. D ISCUSSION
In the following, we discuss the main outcomes and limitations
of our study.
A. Key Findings
Three key findings emerge from this multiple-case study.
First, our results show that architecture principles steer largescale agile transformations, not only by connecting strategic
considerations to the execution of transformation projects and
restricting design freedom [14], [44], but also by aligning
multiple large-scale agile endeavors and by creating a common
understanding to achieve desirable organization-wide effects.
Second, the establishment of architecture principles also
present some challenges for organizations, some of which
have already been reported in [44], [45], such as difficulties
in enforcing principles, measuring principle implementations,
and involving relevant stakeholders. However, we have observed further challenges faced by organizations, such as difficulties in communicating new principles, providing concrete

1

2
2
2

Buy application when it does not provide a significant competitive advantage in your core business
Common base technologies
Common vocabulary and data definitions

2

Applications rely on one technology stack

Neutral

Rather not relevant

Not relevant

1

1

n.a.

2

1

1

1

3

1

5

2

2

2

2

2

Fig. 2. Relevance of provided architecture principles for supporting the large-scale agile transformations of the case organizations (n=5)

Rather relevant

1

Each module must have its own independent continuous delivery pipeline
Very relevant

1

IT systems are preferably open source

1

1

Conways law

2

1

1

Management layers are minimized
Application development is standardized

3

2

Modules must be resilient, they must compensate unavailable modules or communication problems
Build application as independently as possible from the underlying technology

2

Communication must use a limited set of protocols like RESTful HTTP or messaging

3

2

The system must have two clearly separated levels of architectural decisions: macro and micro architecture

Keep development, staging, and production as similar as possible

2

One codebase tracked in revision control, many deploys

1

Operations such as configuration, deployment, log analysis, tracing, monitoring, and alerting should be standardized
2

1

Changes to IT systems are only made In response to business needs

2

1

Maximize benefit to the enterprise, concede own preferences for the greater benefit of the entire enterprise

Modules must be implemented as separate processes, containers or virtual machines to maximize independence

2

2

2

1

Vertical system slicing

2

The system must be divided into modules that provide interfaces

Control technical diversity

Explicitly declare and isolate dependencies
1

2

2

2

IT systems communicate through services
Reuse is preferable to buy, which is preferable to make

Strictly separate build and run stages

2
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Loose coupling of systems or services
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Keep development, staging, and production as similar as possible

Maximize benefit to the enterprise, concede own preferences for the greater benefit of the entire enterprise
Build application as independently as possible from the underlying technology
The system must be divided into modules that provide interfaces

Partially implemented

Planned

1
Not planned

1

1

1

2

2

Fig. 3. Application of architecture principles across the case organizations (n=5)

Fully implemented

1

IT systems are preferably open source

2
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implementation guidance, and demonstrating the benefits of
principles.
Third, a common challenge of large-scale agile transformations is to find the right balance between emergent and intentional architecture [43]. In several interviews, ATs and EAs
emphasized the importance of using architecture principles
to achieve this balance, calling it principle-based intentional
architecting. On the one hand, principles give an orientation
aid for development endeavors to achieve a desired future
architecture and facilitate to create (intentional architecture).
On the other hand, principles provide a solution space in which
ATs can move, without dictating how the specified principles
should be realized (emergent architecture). In contrast to detailed architecture specifications, they also prevent “Big Design
Upfront” by emphasizing the agile architecture principle “build
the simplest architecture that can possibly work” [46].
B. Limitations
Our paper is not without limitations, wherefore we discuss
possible validity threats to our observations along with an
evaluation scheme recommended by Runeson and Höst [17].
Construct validity refers to what extent the operational measures studied represent what the researcher has in mind. As a
countermeasure, we used several sources for data collection,
which included semi-structured interviews with different roles
and internal documents of the cases. Furthermore, the interviews were transcribed and coded by one researcher and then
reviewed by a second researcher. Moreover, key informants of
the case organizations reviewed the results of our study.
Internal validity is not a concern since this study is exploratory
and does not seek to establish causal relationships.
External validity refers to the generalization of the findings
and the extent to which the results are of interest outside the
investigated cases. To counteract this, we focused on the literal
replication of our cases and on their analytical generalization.
Reliability refers to what extent the case study is conducted in
a robust manner and whether replication by other researchers
would yield the same results. To counter this, two researchers
were always present in the interviews. Additionally, all reports
sent to the companies were revised by another researcher
and discussed with company representatives. Moreover, a case
study database was created containing case study documents
such as audio recordings, interview protocols, and slide decks.
VI. C ONCLUSION AND O UTLOOK
Nowadays, organizations are urged to undergo large-scale
agile transformations to respond readily to environmental
changes [47], [48]. Architecture principles provide powerful
simple-rule-like instruments to safeguard large-scale agile
transformations by providing guidance for necessary coordination efforts [14]. Notwithstanding the importance of architecture principles to support large-scale agile transformations,
extant studies on architecture principles still lack insights into
how principles can be established. Against this backdrop,
the main contribution of this study was to illuminate the
establishment of architecture principles to support large-scale

agile transformation through a multiple-case study of five
German companies. In the following, we present the research
questions and the answers to the questions.
RQ 1: How are architecture principles established to support
large-scale agile transformations? RQ1 was addressed by revealing current practices of the case companies in formulating
and using principles (see Section IV-B). Our findings show
that EAs were responsible for the process of establishing
principles. Our results also highlight that principles were
communicated to ATs via communities, wikis or emails. We
also found that the compliance checks on principles were
mainly performed manually and sporadically.
RQ 2: Which challenges do organizations face when formulating and using architecture principles? Based on a cross-case
analysis, we addressed RQ2 and identified twelve challenges
the organizations faced in establishing principles (see Section IV-C). These included, amongst others, missing guidelines
on how principles can be implemented or missing mechanisms
for checking compliance of ATs with principles.
RQ 3: Which architecture principles are used to support largescale agile transformations? Based on a structured literature
review, we identified 30 architecture principles that were
considered suitable for addressing RQ4 (see Section IV-D).
Our findings show that the majority of the proposed principles
were relevant to the case organizations and have already been
largely implemented by the organizations.
Finally, this article leaves some room for further studies. We
encourage researchers to perform explanatory case studies and
to elaborate on the impact of the application of architecture
principles on large-scale agile transformation outcomes. We
also call for further case studies to reveal best practices for
addressing our identified challenges.
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