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ABSTRACT
Although managing architectural assumptions can benefit software
development in several aspects (e.g., reducing architectural
misunderstanding and mismatch), the effort required is a key
obstacle towards employing architectural assumption management
in practice. One potential solution is to apply agile practices in
order to reduce this effort. To this end, we conducted a survey
with 91 practitioners to investigate the possibility of integrating
agile practices into architectural assumption management in
industrial practice. The results offer an overview of which agile
practices can be integrated in architectural assumption
management and how. Six agile practices were selected by more
than half of the subjects: “Backlog”, “Iterative and Incremental
Development”,
“Refactoring”,
“Continuous
Integration”,
“Effective Communication”, and “Just Enough Work”. Twelve
agile practices were further elaborated by the subjects regarding
how they can be used in architectural assumption management.
Based on the survey results, we developed a classification of agile
practices for agile architectural assumption management, which
can act as a reference for researchers and practitioners to employ
certain agile practices in architectural assumption management.
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Introduction

According to Kruchten et al. [31], the concept of Architecture
Knowledge “consists of architecture design as well as the design
decisions, assumptions, context, and other factors that together
determine why a particular solution is the way it is”. Thus,
Architectural Assumptions (AA 1 ) are a type of architectural
knowledge. To be more precise, AA are architectural knowledge
taken for granted, or accepted as true without evidence [7]. This
definition of AA emphasizes the characteristic of uncertainty in
architectural knowledge: stakeholders believe but cannot prove,
for instance, the importance, impact, or correctness of specific
architectural knowledge. For example, an architect may assume
that “the concurrent users of the system will exceed 1 million”.
This statement is an AA, because the architect is not sure about its
correctness. This AA will exist until its uncertainty is eliminated.
In addition to being a type of architectural knowledge,
assumptions are also a type of artifact. As defined by Kroll and
Kruchten [32]: “An artifact is a piece of information that is
produced, modified, or used by a process.” Since AA are produced
(i.e., made), modified, and used during software development, we
advocate treating AA as a type of software artifacts, similarly to
requirements, design decisions, etc.
A multitude of problems in software development can be
traced directly to not well-managed AA, for example, architectural
misunderstanding and mismatch [9]. Though researchers and
practitioners recognize the importance and necessity of managing
AA in software development [8], the effort required is a key
obstacle towards employing AA management in practice [7].
Traditional AA management is considered as resource-intensive,
while the return on investment of AA management is debatable
[7]. Therefore, there is a need to reduce the investment of
managing AA and consequently making it less resource-intensive.
One potential way to achieve this, is to integrate agile practices
into AA management, as agility aims at reducing heavyweight
effort in traditional software development, and embracing changes
with a set of agile practices (see e.g., the Agile Manifesto [6]).
In our recent systematic mapping study on the combination of
architecture and agility [2], we found that certain agile practices
can be used in architecting. In this study, we used these identified
twenty-five agile practices to explore the possibility of integrating
them into AA management through a survey with 91 practitioners.
Note that we do not study the opposite, i.e., how AA or their
management can be used in agile development (practices).
The results provide an overview of which agile practices can
be integrated in AA management and how. Based on those results,
we further proposed a classification of agile practices for agile AA
1

AA in this paper is used in singular (architectural assumption) as well as plural
(architectural assumptions) based on the context.
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management, which can act as a reference for researchers and
practitioners to employ certain agile practices in AA management.
The rest of the paper is organized as follows: Section 2
provides related work. Section 3 details the survey design. Section
4 presents the results of the survey. Discussion based on the results
and the threats to the validity of the study are provided in Section
5 and 6 respectively. Section 7 concludes the survey with future
directions.

2

Related Work

We introduce assumptions and their management in the following
three aspects.
Characteristics of assumptions. Every assumption has
uncertainty. Uncertainty is an important criterion to judge whether
a piece of information is an assumption.
The assumption concept is subjective, which is a major reason
that stakeholders may have different understandings of the
assumption concept [9]. For example, Lago and van Vliet [13]
mentioned that it is difficult to draw the line between AA,
requirements, and constraints.
Furthermore, assumptions are not independent in software
development, but intertwined with certain types of software
artifacts. For instance, when managing assumptions in software
design (e.g., [18][19]), assumptions are usually related to
requirements, design decisions, components, etc.
Though stakeholders can understand the assumption concept,
they rarely use the term “assumption” in their work [7]. Instead,
they mix assumptions with other types of software artifacts, such
as requirements, design decisions, and risks [7].
Assumptions have a dynamic nature, i.e., they can evolve over
time [14]. For example, during software development, a valid
assumption can turn out to be invalid or vice versa, or an
assumption can transform to another type of software artifact or
vice versa.
Moreover, assumptions are context dependent [9]. For
instance, the same assumption could be valid in one project, while
invalid in another project because the context changes; or an
assumption in one project is not an assumption in another project.
The dynamic and context-dependent nature could be one reason
that not-well managed assumptions lead to a multitude of
problems in software development. As an example, the reuse of an
assumption from ARIANE 4, which was not valid in ARIANE 5,
led to the ARIANE 5 disaster [15].
Classifications of assumptions. There are various
classifications of assumptions in software development from
different perspectives. We provide two examples as follows.
Garlan et al. [16] classified assumptions that can lead to
architectural mismatch into four types: the nature of the
components, the nature of the connectors, the global architectural
structure, and the construction process (development environment
and build). Lago and van Vliet [17] classified AA as technical,
organizational, and management assumptions.
Assumption management. In our recent systematic mapping
study on assumptions and their management [9], we identified
twelve assumption management activities from the selected
studies, namely Making, Description, Evaluation, Maintenance,
Tracing, Monitoring, Communication, Reuse, Understanding,
Recovery, Searching, and Organization.
Moreover, assumptions can be managed both manually and
automatically. In the latter case, formal approaches and tools are
used to automatically manage assumptions (e.g., assumptions are
usually made and documented by such approaches or tools instead
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of stakeholders). A representative example of such management is
assume-guarantee reasoning in system verification (e.g.,
[22][23][24][25]). Considering that there is a need to evaluate
whether a system satisfies a property, instead of verifying the
whole system, assume-guarantee reasoning decomposes the
system into components (i.e., which are smaller and easier to
verify), generates assumptions for a component that guarantees the
property, checks whether the other components satisfy the
assumptions, and then comes up with the results. On the other
side, manual assumption management refers to manual work by
stakeholders. For example, stakeholders use approaches and tools
to make and document assumptions in their projects (e.g.,
[20][21][26][27]).
Agile development aims at stripping away, as much as
possible, the effort-intensive activities in software development
[28], and focuses on quick response to various changes of a project
[28]. Agile practices are general practices used to support agile
development. An example of such an agile practice is “Iterative
and Incremental Development”, which focuses on small releases
and a planning strategy based on a release plan and an iteration
plan [29]. We note that some of the agile practices can also be used
in other development processes, such as the aforementioned
“Iterative and Incremental Development”. One may argue that
those practices are general, instead of specific for agile
development. In this work, similar to our systematic mapping
study [2], we consider “agile practices” as the practices that can be
used in agile development. Agile practices in principle adhere to
the values proposed in the Agile Manifesto [6]. Further related
work on agile practices in the context of software architecture is
presented in [30].
Relation to our previous work on AA and their
management. We clarify the relationship between this work and
our previous work on AA and their management with their
contributions and contribution types in Table 1.
Table 1. Relation to our previous work on AA and their
management
Reference

Contribution

Contribution
Type

[2]

State of the research regarding the
architecture-agility combination in
software
development
from
literature.
A simplified conceptual model with
a lightweight approach for AA
Documentation
in
agile
development,
and
preliminary
evaluation of the approach.
State of the practice regarding AA
Identification and Documentation
from practitioners’ perception.
State of the research regarding
assumptions and their management
in software development from
literature.
State of the practice regarding
architectural assumptions and their
management
from
architects’
perception.
An
Architectural
Assumption
Documentation Framework (i.e., an
AA
Documentation
approach
AADF), an Excel template, and
industrial evaluation of the approach.

State-ofresearch

[26]

[33]
[9]

[8]

[7]

Conceptual
model

State-ofpractice
State-ofresearch
State-ofpractice
Documentation
framework

Agile Practices into Architectural Assumption Management
[12]
This work

An
architectural
assumption
management process and evaluation
of the process.
A survey to investigate the
possibility of integrating agile
practices
into
architectural
assumption management in industrial
practice.

Management
process
State-ofpractice

Compared to the related work, our work has a different focus:
it explores the possibility of introducing agile practices into AA
management in industrial practice. To the best of our knowledge,
there is no other similar work. However, the work presented in this
section has provided a number of insights and inputs in our work.
As an example, we developed the introduction page of our survey
based on several aforementioned references on AA and their
management.

3
3.1

Survey Design
Goal and Research Questions

According to the guidelines for selecting empirical methods in
software engineering research [3], surveys aim to “collect
quantitative but subjective data (concerning individual’s opinions,
attitudes and preferences) and objective data such as demographic
information for example a subject’s age and educational level”.
We did not aim at exploring what happens when practitioners use
agile practices to manage architectural assumptions (in which
situation a case study could be employed [3]), or studying
correlation or causality of variables related to using agile practices
in architectural assumption management (in which situation an
experiment is more appropriate [3]).
We used the Goal-Question-Metric approach [1] to formulate
the objective of this work: to analyze AA management for the
purpose of exploration with respect to integrating agile practices
into AA management from the point of view of software
engineers in the context of software development in industry.
According to this objective, we decided to conduct a survey.
The Research Questions (RQs) of this study are presented
below.
RQ1: Which agile practices can be used in AA
management?
There are a multitude of agile practices that can be used in the
context of architecture. This RQ helps to investigate the feasibility
of employing certain agile practices in AA management.
RQ2: How to use agile practices in AA management?
Even if it is feasible to use certain agile practices in AA
management, there is a lack of guidance regarding how to use
them. This RQ helps to fill this gap.

3.2

Survey Design

We employed an online self-administrated questionnaire [4] in this
survey. The type of the survey is cross sectional [4], i.e., we asked
the subjects to fill in an online questionnaire at a fixed point in
time.

3.3
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types of artifacts (e.g., design decisions) or other types of artifacts
themselves (e.g., requirements per se).
We used Non-Probabilistic Sampling methods [4], i.e.,
convenience sampling and snowball sampling. The target
population of this study consists of practitioners who (1) have
experience in using agile practices; (2) explicitly or implicitly
managed AA in their work; and (3) use Chinese as native
language. The reason for selecting Chinese-speaking subjects is
that Chinese respondents are easily accessible to two of the
researchers of this survey. The population of software engineers in
China is one of the biggest in the world, so it makes good sense to
sample from this population.
We invited potential subjects from both our own social
networks in industry and popular IT websites (e.g., GitHub2 and
CSDN3). Furthermore, according to the guidelines [4], since the
potential subjects are easily accessible to the first two authors, we
used both Convenience Sampling method (i.e., getting responses
from people who are available or willing to participate) and
Snowballing Sampling method (i.e., asking the subjects to invite
people who are available or willing to participate from their
contacts) in the survey to get a valid sample.

3.4 Data Collection
We used an online self-administrated questionnaire to collect data.
The questionnaire comprises seven general questions (as shown in
Table 4), five AA-related questions (as shown in Table 5), and
three specific questions to the RQs (as shown in Table 6).
General questions focus on background information of the
subjects. AA-related questions aim to validate whether the subjects
have a fair understanding of the AA concept as well as managed
AA in their work. This validation is necessary because
practitioners may not explicitly use the term ‘AA’ and thus may
confuse it with other concepts.
Specific questions collect answers to the RQs. In our
systematic mapping study on the architecture-agility combination
[2], we identified 41 agile practices that can be used with
architecture. In this survey, we chose 25 out of the 41 agile
practices, with each practice mentioned in at least two of the
selected primary studies. The subjects might also come up with
additional agile practices that are not covered in the 25 preprovided agile practices. Furthermore, we asked the subjects to
explain how their selected agile practices can be used in AA
management.
A set of inclusion and exclusion criteria were used to select
valid responses as shown in Table 2. We used Boolean “AND” to
connect alternatives in the inclusion criteria and Boolean “OR” to
connect alternatives in the exclusion criteria. The authors reached
an agreement on the understanding of these criteria before
selecting valid responses.
Table 2. Inclusion and exclusion criteria to select valid
responses
Inclusion criteria
I1: The subject has experience in agile practices.
I2: The subject managed AA in her/his work.
Exclusion criteria
E1: If two or more responses have the same IP (Internet Protocol)
address, only the first response is further evaluated.
E2: If two or more responses have the same Email address, only the first
response is further evaluated.

Population and Sample

Stakeholders may manage AA either explicitly or implicitly. As
evidenced in literature (e.g., [7][8][9]), implicit AA management
means: (1) stakeholders manage (e.g., making) AA in their work
without being aware of them; and (2) they rarely use the AA term
and concept, but treat assumptions as, for example, a force of other

2
3

https://github.com/
http://www.csdn.net/
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E3: The subject does not provide an AA example.
E4: The subject does not understand the AA concept.
E5: There are inconsistencies (e.g., conflicts) between the answers to
different questions in the questionnaire.
E6: The answers to the questions are meaningless, i.e., the answers to
several or all the open questions in the questionnaire are gibberish or
logically senseless.

3.5

Data Analysis

We used descriptive statistics for quantitative data analysis and
Constant Comparison [5] for qualitative data analysis. Constant
Comparison (the core of the Grounded Theory approach) is a
systematic approach used for qualitative analysis, and a
continuous process for verifying the generated concepts and
categories [5]. In this survey, Constant Comparison was iteratively
performed by the first and second author, and the codes and their
relationships were refined in each iteration. The third author was
consulted to resolve any inconsistency during the iterations.

3.6

Pilot Study

To increase the validity of the survey, we conducted a pilot study
with five experts (including two native Chinese) within the
domain of empirical software engineering, software architecture,
and agile software development. The subjects were subsequently
interviewed to obtain feedback and further improve the design of
the survey. The data points from the pilot study were not included
in the results of the survey.

4
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design (59 out of 91, 64.8%). Three subjects provided additional
answers regarding their tasks: process improvement, quality
management, and consultant. Note that in this question, the
subjects could select one or more options as their main tasks in
their companies.
Regarding experience in IT industry and software architecture
of the subjects, most of them have at least three years of working
experience in IT industry (70 out of 91, 76.9%), but less than three
years of working experience in software architecture (55 out of 91,
60.4%), as shown in Fig. 4. Furthermore, all the subjects (91 out
of 91, 100%) claimed that they understood agile practices, and
most of them (74 out of 91, 81.3%) used certain agile practices in
at least one project.
We also asked the subjects regarding the size of their
companies. Most of the subjects (65 out of 91, 71.4%) worked in a
company where the number of employees was less than 500.

4.2

Results of RQ1

As shown in Fig. 1, in summary, six agile practices (out of 25,
24.0%) were selected by more than half of the subjects: “Backlog”
(65 out of 91, 71.4%), “Iterative and Incremental Development”
(60 out of 91, 65.9%), “Refactoring” (57 out of 91, 62.6%),
“Continuous Integration” (49 out of 91, 53.8%), “Effective
Communication” (49 out of 91, 53.8%), and “Just Enough Work”
(47 out of 91, 51.6%).
Moreover, question SQ2 asked subjects to provide agile
practices not listed in Table 7. However, most of the answers are
more or less similar to the listed agile practices (although
formulated differently).

Results

In this section, we present the results of this survey including the
demographic results and the results of the two RQs, without our
interpretation (this happens in Section 5).

4.1

Demographic Results

In total 351 responses were received of which 91 (25.9%) valid
responses were included according to the criteria and further
analyzed. The subjects are located in 26 cities in China: Beijing
(26 out of 91, 28.6%) and Shenzhen (17 out of 91, 18.7%) are the
most popular cities. As shown in Fig. 4, most of the subjects are
involved in development (65 out of 91, 71.4%) and architecture

4.3

Results of RQ2

In this RQ, we asked the subjects to detail how to use their
selected agile practices (from RQ1) in AA management. We did
not mandate that the subjects should elaborate on all agile
practices; consequently the subjects only detailed one or several
agile practices but not all. This was mostly because of time
pressure (see Section 5.1 for a more detailed explanation).
As mentioned in Section 3.5, we used Constant Comparison to
analyze their answers, and the results of the analysis are shown in
Table 3.

Table 3. Ways to integrate agile practices in AA management
Agile practice
Backlog
Iterative and Incremental
Development

Refactoring
Effective
Communication

Description
List AA in backlogs. For example, AA can be treated as a type of product backlog items.
Stakeholders should be aware of the AA listed in backlogs.
AA should be classified in backlogs. As an example, AA should be prioritized in backlogs.
In each iteration of software development, (a) investigate how existing AA can impact software architecture; (b) keep AA under
control (e.g., avoiding AA explosion [9]); and (c) make plans regarding AA management.
Important AA should be identified in early iterations of software development.
Each iteration of AA management should have a clear endpoint.
Though AA should be iteratively managed, there is a need to make clear which AA should be managed in each iteration of
software development (or AA management). As an example, when the number of concurrent visitors is over a threshold, we may
need to employ specific strategies (e.g., refactoring the architecture). However, it does not mean that we should manage an AA
regarding concurrency from the very beginning of development. Such an AA can be managed later when necessary.
Evaluate AA in short and fast iterations of software development (or AA management).
Refactoring should be an iterative process, and stakeholders can review the source code during each refactoring iteration to
identify invalid AA.
This includes effective communication of AA within a development team, as well as between the development team and
customer team.

Agile Practices into Architectural Assumption Management
Retrospective
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Retrospective can help stakeholders reflect on their own AA (e.g., validity), as well as be aware of the AA made by others.
In retrospective, consider rationale of each AA made (e.g., why we made such an AA).
Face-to-face communication is helpful for identifying implicit AA.
AA are significantly impacted by customers. Face-to-face communication with customers is therefore of significant importance
in AA management (especially in the early stages of development).
AA should be tested in development (e.g., using test cases). Testing helps to identify implicit and invalid AA.

Face-to-Face
Communication
Test-Driven
Development
Prototyping
Quick
and
Feedback

Early

We may not always have on-site customers. Prototyping in the early phases of development helps to reduce invalid AA as well as
transform AA to other types of software artifacts.
Provide a prototype that includes explicit AA for customers to get their feedback.
Get customers’ feedback regarding potential problems of existing AA in short iterations and the early phases of software
development.

Collaborative Software
Development Process

Reach agreements regarding AA management (e.g., understanding and awareness of AA) within a team.
Reach consistent understandings regarding AA with customers. This could reduce invalid AA that may further cause problems in
projects.

User Story

Use user stories to describe AA. The described AA should be understandable.
When using user stories to describe AA, it helps stakeholders to reach a consistent understanding of existing AA.

Pair Programming

Encourage discussions regarding AA and their management between pairs of programmers during pair programming.

70

65
60
57

60

49 49

Number of Subjects

50

47
44

40

41 40 40 40 40 40
39 38 38
35 34

32
29 29 28

30

22
18

20
10
0

Sprint

Pair Programming

Release Planning

Trust in Teams

User Story

On‐Site Customer

Scrum Meeting / Daily Stand‐up

Self‐Organized Team

Rapid and Flexible Development

Fig. 1. Agile practices that can be integrated in AA management

Incremental Delivery

Collaborative Software Development…

Quick and Early Feedback

Prototyping

Use Case

Test‐Driven Development

Face‐to‐Face Communication

Retrospective

Agile Architecting

Just Enough Work

Effective Communication

Continuous Integration

Refactoring

Iterative and Incremental Development

Backlog

Agile Practice
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Retrospective (41)

Sprint (18)

Face-to-Face
Communication (40)

Daily Stand-up (34)

Backlog (65)

Use Case (40)

User Story (29)
Refactoring (57)
Continuous
Integration (49)

uses
impact

Prototyping (40)

AA Management
Incremental
Delivery (38)
Release Planning
(28)

follows

Iterative and
Incremental (60)

Just Enough Work
(47)

Agile Architecting
(44)

Test-Driven (40)

Rapid and Flexible
(38)

Effective
Communication (49)

Quick and Early
Feedback (40)

Collaborative (39)

Self-Organized
Team (35)

On-Site Customer
(32)

Trust in Teams (29)

Pair Programming
(22)

Fig. 2. A classification of the identified agile practices for AA management

5

Discussion

In this section, we first discuss the quality of the responses, and then
present a classification of agile practices for AA management
identified from the survey results.

5.1

Quality of the Responses

Compared with our previous industrial survey on AA (101 valid
responses out of 213 responses, 47.4%), the proportion of valid
responses in this survey is comparatively low (91 valid responses
out of 351 responses, 25.9%). We consider two reasons: (1) Many
responses did not meet the selection criteria. As an example, in the
responses we found that many subjects answered “No” to questions
“Have you ever used agile practices in your work?” and “Have you
ever managed AA in your work?”. (2) The subjects had probably
little interest or insufficient knowledge in this topic. As an example,
many subjects we invited were recruited from online resources (e.g.,
registered developers on GitHub); thus, we did not have enough
information to judge whether a subject was qualified when sending
the invitation.
Furthermore, we noticed that not every selected agile practice
was elaborated by the subjects. This can be explained by two main
reasons: (1) We used an online questionnaire, and many subjects
were recruited using online resources. According to our experience,
such types of subjects usually do not tend to spend much time on
filling in a questionnaire, while open questions are the most timeconsuming questions, compared with other types of questions such
as multiple-choice questions. This may have led to some subjects not
paying enough attention to the open questions. As an example, one

subject merely mentioned: “I think, for example, Continuous
Integration is helpful for AA management.” (2) To improve the
validity of the survey, we developed an introduction page as well as
certain questions to verify if the subjects are qualified for this study,
including asking them to give an AA example they had managed in
their work. Reading the introduction page and answering these
questions already cost the subjects certain time, which might reduce
their willingness to spend further time to answer the follow-up
questions.
Finally, some subjects provided further lessons learned for AA
management in general instead of specifically to agile AA
management. As an example, one subject mentioned: “The
effectiveness of AA management depends on not only approaches
and tools used, but also other contextual factors, such as whether
the company considers design important and how much effort has
been spent on design.” Though the identified lessons learned could
benefit AA management in general, we excluded them in this paper
as they are out of the scope.

5.2

A Classification of Agile Practices for AA
Management

We identified three types of agile practices for AA management from
the answers of the subjects:
Agile practices that can be directly used in AA management
activities. For example, stakeholders can include AA in the backlog
or stakeholders can discuss AA and their management face-to-face.
Agile practices that have an impact on AA management. For
instance, AA do not need to be refactored. However, when
refactoring other types of software artifacts (e.g., software
architecture), it helps stakeholders to identify invalid AA.

Agile Practices into Architectural Assumption Management
Agile practices that act as guidelines for AA management. As
an example, the agile practice “Iterative and Incremental
Development” can be treated as a guideline for AA management,
i.e., AA should be iteratively and incrementally managed in software
development.
We further classified the 25 pre-provided agile practices
according to the three types as shown in Fig. 2. The numbers in Fig.
2 represent the popularity of each agile practice in agile AA
management according to the subjects. This may help stakeholders
not only to understand how to use certain agile practices in AA
management, but also to pay more attention to the popular ones for
potential use in their projects. As an example, if a project does not
have on-site customers, it is natural not to use such a practice in AA
management.
Below we provide an example of agile practices used in AA
management to further elaborate the classification.
AA management is comprised of a set of activities [9]. A typical
AA management process [12] is comprised of AA Making,
Description, Evaluation, and Maintenance (see Fig. 3). These four
activities with their inputs and outputs are elaborated below.

Architectural
Assumption
Making

Architectural
Assumption
Description

Architectural
Assumption
Maintenance

Architectural
Assumption
Evaluation

Fig. 3. A Typical AA management process
AA Making refers to both the actual making of assumptions in
software development (including making new AA and identifying
existing AA) and analyzing the properties of AA (e.g., validity, pros
and cons). Inputs: Potentially all software artifacts, including
project management materials (e.g., project description and business
context), requirements (i.e., functional and non-functional
requirements), and design (e.g., architectural design decisions).
These artifacts can be either explicit (e.g., in documentation, source
code comments, and bug repositories) or implicit (e.g., design
decisions often remain in stakeholders’ heads). Outputs:
Undocumented AA (i.e., AA which have been made, but have not
been documented).
AA Description aims at describing and recording AA in certain
forms during software development. Inputs: Undocumented AA or
maintained AA (see AA Maintenance below). Outputs: Documented
AA. We note that the level of documentation can vary greatly
depending on, for example, project context, from a one-sentence
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description to a full-fledged document for an AA.
AA Evaluation ensures that the description and analysis of AA
are correct and accurate. Inputs: Undocumented AA or documented
AA. Outputs: Evaluated AA (i.e., the results of evaluation, for
example, which AA turn out to be invalid).
AA Maintenance adapts AA to fit the context of software
development (e.g., eliminating outdated or invalid AA, modifying
conflicting AA, and transforming AA to other types of software
artifacts, such as requirements or decisions). Inputs: Evaluated AA.
Outputs: Maintained AA (e.g., modifying invalid AA to fit their
new context).
Regarding the first type of agile practices (i.e., agile practices
that can be directly used in AA management activities), we provide
the following two examples.
(1) In AA Description, stakeholders can create a backlog to list
the AA that need to be evaluated. In AA Evaluation, stakeholders can
evaluate AA based on the created backlog and maintain the backlog
(e.g., removing evaluated AA) in AA Maintenance or Description.
(2) In AA Making, stakeholders can use daily stand-up meetings
to identify existing AA and make new AA.
Regarding the third type of agile practices (i.e., agile practices
that act as guidelines for AA management), we provide the following
three examples.
(1) The architectural assumption process should be conducted
iteratively and incrementally in most projects. For instance, when
making AA using the AA management process, some AA may be
identified as invalid in the first place, and such AA should not go to
the next activity (i.e., “Just Enough Work” and “Agile
Architecting”). This will ensure keeping the effort lower as
documenting every AA is impractical (the cost would be much
higher than the benefit). If such invalid AA in a latter phase of
software development are identified as valid because of, for
example, a new context, then they are considered as new AA made,
and further proceed with the follow-up activities (e.g., Description).
(2) Since teamwork is rather important in AA management [9],
teams in a project should be more collaborative with effective
communications in those AA management activities. This can help
to make AA explicit as well as identify and reduce invalid AA [9].
(3) The essence of AA is uncertainty. One major reason that
stakeholders may have many AA in their projects is due to the lack
of precise and correct information. If quick and early feedback can
be employed in AA management, it would help especially in
eliminating the uncertainty of AA, and evolving them to certain
things.
The reason that we excluded the second type of agile practices
(i.e., agile practices that have an impact on AA management) is that
the second type is related not only to AA management, but also
management of other types of artifacts. Though AA is not standalone, but intertwined with other types of software artifacts [9],
integrating agile AA management in the software development
lifecycle is not the focus of this work (see future work in Section 7).
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Threats to Validity

The threats to the validity of this study are discussed based on the
guidelines proposed by Kitchenham and Pfleeger [4].
Content validity is a subjective evaluation of the survey
instrument [4]. To improve the content validity (e.g., whether the
questions in the questionnaire can be understood clearly and
correctly by the subjects), we invited one external reviewer to
review the protocol of the survey, and conducted a focus group with
seven researchers who are experts in empirical software engineering,
software architecture, and agile software development to discuss the
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design of the survey. Moreover, we also conducted a pilot study with
five experts before the formal study to reduce this threat.
Criterion validity is to what extent the survey instrument can
distinguish subjects belonging to different groups [4]. There is one
threat that invalid responses could not be filtered out from valid
responses. To mitigate this threat, we used two inclusion and six
exclusion criteria to select valid responses.
Construct validity concerns to what extent the survey
instrument measures the concept it is designed to measure [4]. One
of the main concepts in the study is the AA concept, which is rather
subjective [9]. Though practitioners make AA frequently in their
daily work, and can understand the AA concept, they rarely use the
AA concept and term in their projects [7]. A threat is that the
subjects answered the questionnaire without a fine understanding of
the AA concept. To mitigate the threat, we used five AA-related
questions to select valid responses. Furthermore, we provided an
introduction regarding AA and their management in the first page of
the questionnaire.
Another threat is whether the researchers biased the subjects by
providing the introduction page. This study aims to explore the
possibility of integrating agile practices into AA management,
instead of understanding the AA concept or how to manage AA in
projects. The introduction page does not contain any information
related to agile AA management. Furthermore, we explicitly
mentioned in the introduction page: “stakeholders may have
different understandings of the AA concept, and we do not require
the subjects to have the exactly same understanding of the AA
concept as the researchers”. Finally, all the statements in the
introduction page are supported by references. Therefore, we argue
that the bias was reduced.
We also considered that the subjects might not truthfully answer
the questions in the questionnaire. To minimize this threat, we
explicitly mentioned that the participation of the survey is voluntary
and anonymous.
Finally, since the subjects used Chinese as native language, there
is a threat that the translation from English (i.e., the protocol) to
Chinese (i.e., the questionnaire) and from Chinese (i.e., the collected
data from the questionnaire) to English was not precise and correct.
In our previous studies on AA, we also had to deal with similar
issues regarding translation between Chinese and English, and
therefore, we have certain practice and experience, which helps to
reduce this threat in this study. To further mitigate this threat, the
first and second author, who are native Chinese speakers, were
responsible for the translation, and the third author reviewed the
results (in English). We conducted the translation iteratively.
Furthermore, the pilot study also helped to mitigate this threat.
External validity is the extent that the findings of the survey
can be generalized. There is one threat that the subjects in the survey
are not representative, i.e., the sample was biased. To mitigate this
threat, we not only used our social contacts, but also invited subjects
from popular IT websites to maximize randomness, i.e., including
subjects with various backgrounds. We argue that the sample in this
study is representative for at least practitioners who use Chinese as
native language, have experience in agile practices, and managed
AA in their work.
Reliability is the extent of measurement errors in the survey, and
to what extent the replication of the survey can get the same results
[4]. To improve the reliability of the study, the authors reached a
consensus on the understanding of the protocol (e.g., the inclusion
and exclusion criteria used to select valid responses) as well as the
answers to the survey questions. The focus group and pilot study
(see content validity) also helped to mitigate the threat to reliability.
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Conclusions and Future Work

Through this survey, we gained insight on agile AA management.
Although all the twenty-five agile practices identified from our
recent mapping study on the architecture-agility combination [2]
could be used in AA management, there is a significant difference
regarding the popularity of the agile practices (e.g., “Backlog” vs.
“Sprint”). Researchers and practitioners working in and employing
AA management could pay more attention to those popular agile
practices.
We also collected data regarding how to integrate a specific agile
practice in AA management, and we developed a classification of
agile practices for agile AA management. Such outputs act as a
reference for researchers and practitioners to use agile practices in
AA management.
For future work, we see a number of interesting directions. First,
the data of the survey is based only on one region (i.e., China), thus
replication of the study in other regions would be desirable. Second,
those agile practices that can be used in AA management may have
different levels of importance. Also different types of stakeholders
may need to employ different agile practices in AA management.
Thus, it would be interesting to devise a model connecting types of
stakeholders, AA management, and agile practices. Third, although
we developed a classification of agile practices for agile AA
management according to the survey results, it needs further
evaluation (e.g., usefulness). Fourth, the aim of integrating agile
practices in AA management is to address the resource-intensive
problem in traditional AA management. This work is a first step, i.e.,
investigating the possibility of integrating agile practices into AA
management in industrial practice. A sound and operable approach
for agile AA management is needed for practitioners to employ agile
AA management in industry, as well as evaluation of the approach
(e.g., whether the approach can address the resource-intensive
problem in AA management).
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Table 4. Questions on background information of subjects
ID
GQ1
GQ2

Question
Which city are you working in?
What are your main tasks in your company?

GQ3
GQ4

What is your experience (in years) in IT industry?
What is your experience (in years) in software
architecting or software design?
Have you ever used agile practices in your work?

GQ5
GQ6
GQ7

What is the size of your company (number of
employees)?
(Optional) Your email address?

Types of answers
City
Multiple choice: Project Management / Requirements Engineering /
Architecture Design / Detailed Design / Coding / Testing / Others
Integer >= 0
Integer >= 0
No / Understand but Not Used in Projects / Used in One Project / Used in
Multiple Projects
<100 / 100-500 / 501–1000 / > 1000
Text

Table 5. Questions on AA and their management
ID
AQ1
AQ2
AQ3
AQ4
AQ5

Question
To what extent do you agree with the examples, characteristics, and
motivation of AA management provided in the Introduction page?
(Optional) Would you please point out which part you disagree?
After reading the Introduction page, to what extent can you state that
you understand the AA concept?
Have you ever managed AA in your work?
Would you please provide an example of AA you managed in your
work?

Types of answers
Agree / Partly Agree / Disagree
Free text
Completely Understand / Understand / Moderate / Not
Understand / Completely Not Understand
Yes / No
Free text

Table 6. Questions on the RQs
ID
Question
RQ1. Which agile practices can be used in AA management?
SQ1
Which agile practices in the following list can be used in AA management?
(We added examples or explanations for several agile practices. However, in order to not bias participants, all the
examples and explanations are not related to AA. For example, in “Just Enough Work”, we added two examples
regarding architecting and design. Note that the examples and explanations are only used to help participants
clarify the agile practices. Please always consider and answer the questions in the context of AA management.)
SQ2
(Optional) Is there any other agile practice that in your opinion can be used in AA management?
RQ2. How to use agile practices in AA management?
SQ3
How the agile practices you chose in SQ1 or described in SQ2 can be used in AA management?

Types of answers
Multiple
choice:
Agile practices listed
in Table 7
Free text
Free text
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Table 7. Agile practices used in the questionnaire
Backlog (e.g., product backlog)
Iterative and Incremental Development
Just Enough Work (e.g., just enough anticipation of architecting or just enough up-front design)
Sprint
Agile Architecting (i.e., making architecting agile, for example, using lightweight approaches in architecting, a little up-front architectural planning,
or only the artifacts which directly contribute to the current iteration are created)
Continuous Integration
Scrum Meeting / Daily Stand-up
Incremental Delivery
User Story
Rapid and Flexible Development (e.g., rapid delivery of working products and embracing changes in development)
Refactoring
Retrospective (reflecting on how the team is performing and what can be done for improvements)
Face-to-Face Communication (encouraging communication between stakeholders through a face-to-face interaction)
Collaborative Software Development Process (focusing on collaboration between stakeholders, for example, developers and customers)
Test-Driven Development
Quick and Early Feedback
Use Case
Metaphor (a simple evocative description of how things work)
Release Planning (aims at committing to a plan for product delivery)
Effective Communication (e.g., between customers and developers)
On-Site Customer (customers being on-site with the development team during the whole lifecycle of the project)
Pair Programming
Trust in Teams (building trust within teams, for example, development teams)
Prototyping
Self-Organized Team (i.e., the members manage work themselves rather than being controlled by others outside the team, for example, leaders in
their company)

70
60
50
40
30
20
10
0

65

60

59
40 37
36

60

53

50

50

40

40

30

30

15
3

21

17

20
10

View publication stats

20
8

0
<3

Fig. 4. Details of the subjects
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