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I 

Samenvatting 

Tijdens het ontwikkelen van software kunnen er veel onzekerheden zijn. Om 

echter aan de projectdoelen (zoals de planning en de deadlines) te voldoen moeten 

de belanghebbenden toch kunnen werken in aanwezigheid van deze 

onzekerheden. Onzekerheden kunnen leiden tot aannames, bijvoorbeeld bepaalde 

kennis over softwareontwikkeling accepteren als waarheid zonder dat hier 

daadwerkelijk bewijs voor is. Van alle verschillende soorten aannames in 

softwareontwikkeling richten wij ons in dit proefschrift op de architecturale 

aannames. De redenen hiervoor zijn als volgt: (1) Architecturale aannames zijn een 

belangrijk type architectuurkennis. (2) Aannames moeten worden beheerd vanaf 

de beginfasen van softwareontwikkeling (d.w.z. vanaf requirements engineering 

en architectuurontwerp). (3) Veel problemen worden veroorzaakt door slecht 

beheer van architecturale aannames. Architecturale aannames spelen daarom een 

belangrijke rol. Het kernprobleem in dit proefschrift is dan ook geformuleerd als 

volgt: hoe kunnen wij een systematische aanpak bieden voor het beheren van 

architecturale aannames? 

Voordat het kernprobleem aangepakt kan worden is het nodig om de huidige 

staat van het onderzoeksgebied met betrekking tot aannames en hun beheer in 

softwareontwikkeling te begrijpen. Dit betekent dat de literatuur geanalyseerd 

moet worden. Daarom hebben wij een systematische mapping-studie uitgevoerd 

op het gebied van aannames en het beheer van deze aannames in 

softwareontwikkeling. Deze studie behandelt de literatuur van januari 2001 tot en 

met december 2015. De belangrijkste resultaten van de literatuurstudie zijn: (1) 

Ondanks dat er twaalf aannamebeheer activiteiten zijn verkend is er geen 

standaard aannamebeheer proces naar voren gekomen. Er wordt veel aandacht 

besteed aan de onderdelen “Aannames Maken”, “Beschrijving” en “Evaluatie”. 

Het onderdeel “Aanname Onderhoud” krijgt beduidend minder aandacht. (2) Het 

uitvoeren van aannamebeheer activiteiten blijft in de praktijk een grote uitdaging 

voor software engineers. (3) De meest negatieve gevolgen worden veroorzaakt 

door onjuiste of impliciete aannames. 
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Het is van cruciaal belang om onderzoek te doen naar de huidige staat van 

architecturale aannames en het beheer van deze aannames in de industrie. Daarom 

hebben wij een verkennende casestudie uitgevoerd in samenwerking met 

vierentwintig softwarearchitecten om de huidige staat van architecturale 

aannames en hun beheer in de praktijk te analyseren. De resultaten van de 

casestudie bevestigen de resultaten van de systematische literatuurstudie met 

betrekking tot aannames en het aannamebeheer. In de casestudie identificeerden 

wij namelijk dezelfde twaalf architecturale aannamebeheer activiteiten (zoals de 

onderdelen “Aannames Maken” en “Beschrijving”). Wij hebben echter geen 

globaal proces gevonden die al deze activiteiten in zijn geheel omvat. 

Omdat een generiek architecturale aannamebeheerproces belangrijk is voor het 

architecturale aannamebeheer, hebben wij eerst een dergelijk proces ontworpen en 

vervolgens dit proces geëvalueerd door middel van een casestudie onder 88 

eerstejaars software engineering masterstudenten. Het proces bestaat uit vier 

architecturale aannamebeheeractiviteiten: “Aannames Maken”, “Beschrijving”, 

“Evaluatie”, en “Onderhoud”. De casestudie laat zien: (1) dat het begrip van en de 

inspanning om het proces uit te voeren matig zijn. (2) Dat het proces kan helpen 

om architecturale aannames expliciet te maken en te identificeren, en om het aantal 

foutieve architecturale aannames in projecten te verminderen. (3) Dat er 

verschillende factoren zijn (zoals de vraag of aannames systematisch worden 

beschreven) die de bovengenoemde resultaten kunnen beïnvloeden. 

Gedurende de evaluatie van het door ons voorgestelde architecturale 

aannamebeheer proces hebben wij bevestigd dat er een grote behoefte is voor het 

systematisch beschrijven van architecturale aannames. Voordat wij proberen om 

een specifieke oplossing voor te stellen richten wij ons eerst op het analyseren van 

de manier waarop Architecturale Aanname Beschrijving in de praktijk wordt 

uitgevoerd. Wij onderzoeken de huidige situatie met betrekking tot het beschrijven 

van architecturale veronderstelling op het gebied van softwareontwikkeling door 

middel van een web-gebaseerd onderzoek met 112 deelnemers. De resultaten 

tonen aan dat de meeste deelnemers van mening zijn dat architecturale aannames 

een belangrijke rol spelen in zowel het softwareontwerp als in de 

softwareontwikkeling levenscyclus. Aan de andere kant is er een gebrek aan 

benaderingen en hulpmiddelen voor het documenteren van architecturale 

aannames in projecten. Daarnaast is het belangrijk om de interesses van 
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belanghebbenden te begrijpen op het gebied van het documenteren van 

architecturale aannames. Het is ook belangrijk om processen en hulpmiddelen aan 

te bieden voor het ondersteunen van Architecturale Aanname Beschrijving. 

Nadat wij geconstateerd hebben dat bestaande benaderingen niet alle zorgen 

van de belanghebbenden kunnen wegnemen bij het documenteren van 

architecturale aannames, hebben wij een Architecturale Aanname Documentatie 

Framework ontworpen om deze zorgen weg te nemen. Het Framework bestaat uit 

vier onderdelen: Details, Relaties, Tracering en Evolutie. Wij evalueerden het 

Framework wederom door middel van een casestudie bestaande uit twee cases. De 

studie is uitgevoerd bij twee bedrijven uit verschillende branches en landen. De 

resultaten van de casestudie laten zien: (1) dat het Framework in korte tijd door 

architecten kan worden begrepen. (2) Dat het opzetten van het Evolutie onderdeel 

de minste tijd vereist, gevolgd door het Details onderdeel en het Relaties 

onderdeel. (3) Dat het Framework belanghebbenden kan helpen om risico's te 

identificeren en de architecturale aannames die door andere belanghebbenden zijn 

gedocumenteerd te begrijpen. 

Tijdens de evaluatie van het Framework ontdekten wij dat het gebrek van 

toolondersteuning  een kritiek probleem bij het adopteren van het Framework, ook 

al kan dit in het voordeel werken voor de Architecturale Aanname Beschrijving. 

Daarom hebben wij een gespecialiseerde tool ontwikkeld die het voorgestelde 

Architecturale Aanname Documentatie Framework implementeert. Wij hebben de 

tool geëvalueerd op het gebied van gebruiksgemak en bruikbaarheid door middel 

van een casestudie waaraan zestien architecten onder tien verschillende bedrijven 

hebben deelgenomen. De resultaten van de casestudie tonen aan dat de 

voorgestelde tool over het algemeen eenvoudig in gebruik is en nuttig is voor 

Architecturale Aanname Beschrijving en voor softwareontwikkeling. Aan de 

andere kant zijn er verschillende verbeterpunten zoals ondersteuning voor data-

analyse en automatische verificatie van architecturale aannames. 

Hoewel wij drie architecturale aannamebeheeroplossingen hebben voorgesteld 

was de vereiste inspanning nog steeds een belangrijke uitdaging bij het toepassen 

van deze oplossingen in de praktijk. Om dit probleem aan te pakken willen wij 

agility integreren in architecturale aannamebeheer. Als eerste hebben wij ons 

gericht op het begrijpen van de huidige staat van het onderzoeksgebied met 

betrekking tot het combineren van architectuur en agility. Hiertoe hebben wij een 
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systematische mapping-studie uitgevoerd over de combinatie van architectuur en 

agility. Deze studie behandelt de literatuur tussen februari 2001 en januari 2014. 

De belangrijkste resultaten zijn: (1) dat eenenveertig agile routines bruikbaar zijn 

voor bij het combineren van architectuur en agility. (2) Dat de meeste uitdagingen 

een direct verband hebben met de architectuur (zoals de spanning tussen 

architectuurontwerp en agile-ontwikkeling). (3) Dat er zes factoren zijn 

geïdentificeerd die het succes van het combineren van architectuur en agility 

kunnen beïnvloeden. Deze factoren zijn: Project, Mensen, Architectuur, Mensen-

gerelateerd, Organisatie en Systeem. 

Nadat wij kennis hebben opgedaan over het combineren van architectuur en 

agility, hebben wij vervolgens een aanpak ontworpen die agility in architecturale 

aannamebeheer integreert. De aanpak bestaat uit een vereenvoudigd metamodel 

voor architecturale aannames, een proces voor architecturale aannamebeheer, een 

component genaamd Architecturale Aanname Bibliotheek, en een component met 

de naam Architecturale Aanname Kaart. Wij hebben de voorgestelde aanpak 

geëvalueerd door middel van een casestudie met een architect. De resultaten van 

de casestudie tonen aan: (1) dat de voorgestelde aanpak gemakkelijk is te begrijpen 

en te gebruiken. (2) Dat de inspanning die nodig is om de aanpak te gebruiken 

aanvaardbaar is. (3) Dat de benadering nuttig is bij het architecturale 

aannamebeheer, en dat het de investering in het beheren van architecturale 

aannames verminderd. 
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Summary 

During software development, there can be many uncertain things. However, in 
order to meet the project business goals (e.g., schedule and deadlines), 
stakeholders have to work in the presence of such uncertainties; these uncertainties 
can lead to assumptions (software development knowledge taken for granted or 
accepted as true without evidence). In this thesis, of all the different types of 
assumptions in software development, we focus on architectural assumptions. The 
reasons are: (1) Architectural assumptions are an important type of architectural 
knowledge. (2) Assumptions should be managed from the early phases of software 
development (i.e., requirements engineering and architecture design). (3) Many 
problems are caused by not-well managed architectural assumptions, such as 
architectural mismatch. Given the importance of architectural assumptions, the 
core problem addressed in this thesis is formulated as follows: how can we 
provide a systematic approach to manage architectural assumptions? 

Before addressing the core problem, there was a need to analyze the research 
literature and understand the current state of the research regarding assumptions 
in general and their management in software development. To this end, we 
conducted a systematic mapping study that covers the literature from January 2001 
to December 2015 on assumptions and their management in software development. 
The key results are: (1) Although twelve assumption management activities were 
explored, there was no general assumption management process. Much effort has 
been put on Assumption Making, Description, and Evaluation, while Assumption 
Maintenance received moderate attention. (2) Performing assumption 
management activities in practice still remains a major challenge for software 
engineers. (3) Most negative consequences are caused by invalid or implicit 
assumptions. 

Besides the analysis of literature, it was critical to investigate the state of the 
practice regarding architectural assumptions and their management in industry. 
To this end, we conducted an exploratory case study with twenty-four architects to 
analyze the practice of architectural assumptions and their management. The 
results of the case study confirm the results of the systematic mapping study on 
assumptions and their management. As an example, we identified the same twelve 
architectural assumption management activities (e.g., Making and Description) 
from the case study, while we did not find any process to encompass the activities 
as a whole.  

Since a general architectural assumption management process is critical in 
architectural assumption management, we first designed such a process and then 
evaluated the proposed process through a case study with 88 first-year master 
students on software engineering. The proposed process is comprised of four 
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architectural assumption management activities: Architectural Assumption 
Making, Description, Evaluation, and Maintenance. The results of the case study 
show that: (1) the ease of understanding and the effort of conducting the process 
are moderate; (2) the process can help to make architectural assumptions explicit 
and to identify and reduce invalid architectural assumptions in projects; (3) 
various factors (e.g., whether assumptions are systematically described) can 
influence the aforementioned results. 

During the evaluation of the proposed assumption management process, we 
confirmed a high-priority need to systematically describe architectural 
assumptions. Before trying to propose a specific solution, we first focused on 
analyzing how Architectural Assumption Description is performed in practice. We 
studied the current situation on how practitioners describe architectural 
assumptions in software development through a web-based survey with 112 
practitioners. The results show that on the one hand, most of the subjects 
considered that architectural assumptions are important in both software 
architecting and the software development lifecycle; on the other hand, there is a 
lack of approaches and tools to document architectural assumptions in projects. In 
addition, it is important to understand the concerns of stakeholders in 
documenting architectural assumptions, and provide dedicated approaches and 
tools to support Architectural Assumption Description. 

After finding out that existing approaches cannot satisfy certain concerns from 
stakeholders in documenting architectural assumptions, we designed an 
Architectural Assumption Documentation Framework, comprised of four 
viewpoints (i.e., the Detail, Relationship, Tracing, and Evolution viewpoint) that 
specifically frame such concerns. We also evaluated the framework through a case 
study with two cases conducted at two companies from different domains and 
countries. The results of the case study show that: (1) the framework can be 
understood by architects in a short time; (2) the Architectural Assumption 
Evolution view requires the least time to create, followed by the Detail view and 
Relationship view; (3) the framework can help stakeholders to identify risks and 
understand architectural assumptions documented by other stakeholders. 

During the evaluation of the framework, even though we found that it could 
benefit Architectural Assumption Description, the lack of tool support was a 
critical problem to adopt the framework in practice. To this end, we developed a 
dedicated tool that implements the proposed Architectural Assumption 
Documentation Framework. We also evaluated the tool through a case study 
regarding the perceived ease of use and usefulness with sixteen architects from ten 
companies. The results of the case study show that the proposed tool is generally 
easy to use and useful in Architectural Assumption Description as well as in 
software development. On the other side, there are several points for improvement, 
such as supporting data analysis and automatic verification of architectural 
assumptions. 
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Although we proposed three solutions for architectural assumption 
management, the effort required was still a key challenge of employing them in 
practice. To address this problem, we intended to integrate agility into 
architectural assumption management. As a first step, we focused on 
understanding the current state of the research regarding the architecture-agility 
combination. To this end, we conducted a systematic mapping study, covering the 
literature on the architecture-agility combination published between February 2001 
and January 2014.  The main results show: (1) Forty-one agile practices can be used 
in the architecture-agility combination. (2) Most of the challenges are directly 
related to architecture (e.g., Tension between Architecture Design and Agile 
Development). (3) Six types of factors (Project, People, Architecture, People-related, 
Organization, and System) that may impact the success of applying architecture-
agility combination were explored. 

After gaining knowledge regarding the architecture-agility combination, as a 
follow-up, we designed an approach that integrates agility into architectural 
assumption management. The approach comprises a simplified architectural 
assumption metamodel, a process for architectural assumption management, a 
component called Architectural Assumption Library, and a component called 
Architectural Assumption Card. We also evaluated the proposed approach 
through a case study with an architect. The results of the case study show that (1) 
the proposed approach is easy to understand and use; (2) the effort of using the 
approach is acceptable; (3) the approach is useful in architectural assumption 
management on the one hand, while reducing investment of managing 
architectural assumptions on the other hand. 
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Chapter 1  Introduction 

This thesis studies architectural assumptions and their management in software 
development. Section 1.1, 1.2, and 1.3 introduce background information about 
this topic: assumptions in software development, software architecture and 
architectural knowledge, and architectural assumptions and their management. 
Problem statement and research design are discussed in Section 1.4 and 1.5 
respectively. Section 1.6 provides an overview of the thesis. 

1.1 Assumptions in software development 
During software development, there can be many uncertain things. However, in 

order to meet the project business goals (e.g., schedule and deadlines), 
stakeholders have to work in the presence of such uncertainties; these uncertainties 
can lead to assumptions. For example, uncertainty regarding the release date of a 
specific technology to be used in a system may lead to making an assumption 
about that release date. In this thesis, we advocate treating uncertainty and 
assumption as two different but related concepts: one way to deal with 
uncertainties is to make implicit or explicit assumptions, but not all uncertainties 
lead to assumptions.  

An assumption is defined as “a thing that is accepted as true or as certain to happen, 
without proof”1 or as “a fact or statement taken for granted”2. Accordingly, we define 
software assumptions as software development knowledge taken for granted or accepted 
as true without evidence. According to the work of Alavi and Leidner [193], as well 
as the edited book by Aurum et al. [194], software development knowledge 
represents personalized information related to facts, procedures, concepts, 
interpretations, ideas, observations, and judgments in software development. This 
definition of assumption emphasizes the characteristic of uncertainty in software 
development: stakeholders believe but cannot know for sure the importance, 
impact, suitability, applicability, correctness, etc. of software development 
knowledge. For example, consider a project manager assuming that “the skills and 
capacities of the software engineers in the development team are sufficient for this project”. 
In this statement, the project manager is not 100% sure about the sufficiency of the 
skills and capacities of the software engineers. As another example, a developer 
may assume that “changing Component A would not impact the other components in the 
system”. In this statement, the developer is not completely sure about the impact of 
changing Component A. 

                                                           
1  http://www.oxforddictionaries.com/definition/english/assumption 

2  http://www.merriam-webster.com/dictionary/assumption 
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In addition to being software development knowledge, software assumptions 
are also a type of artifact. As defined by Kroll and Kruchten [35]: “An artifact is a 
piece of information that is produced, modified, or used by a process”. Since assumptions 
are produced, modified, and used during software development, we advocate 
treating assumptions as a type of software artifact, similarly to requirements, 
design decisions, etc. 

Assumptions in the field of software development constitute a broad topic: 
different types of assumptions (e.g., requirement assumptions [5], architectural 
assumptions [4], and software construction assumptions [6]) have been extensively 
discussed. Accordingly, different stakeholders such as designers, requirements 
engineers, developers, and testers frequently make assumptions in their work [7].  

Many researchers have pointed out the importance of assumptions and their 
management in software development, as various problems in software 
development can be traced to not well-managed assumptions [7]. Five examples of 
such problems are provided as follows. First, Corbató [8] mentioned in his ACM 
Turing Award lecture that “design bugs are often subtle and occur by evolution with 
early assumptions being forgotten as new features or uses are added to systems.” Second, 
Garlan et al. [9] pointed out that incompatible assumptions in software architecture 
could lead to architectural mismatch (e.g., mismatch between components or 
connectors). Subsequently this may lead to design violations and low architecture 
quality. Third, stakeholders may misunderstand assumptions, because the 
assumption concept is rather subjective [4]; this can further lead to 
misunderstandings of other types of software artifacts that are related to such 
assumptions. For example, stakeholders may misunderstand architectural design 
decisions, because they are not aware of the assumptions behind the decisions. 
Fourth, Steingruebl and Peterson [11] argued that undocumented software 
assumptions could lead to software failures. As an example, assuming a system 
will run as a single-user standalone system, and therefore, there is no need to 
consider security concerns such as cross-site scripting or system permission 
mechanisms. Leaving such an assumption undocumented could further lead to 
security problems, especially when the context changes (e.g., the system will be 
deployed directly on the Internet). Fifth, Bazaz et al. [12] defined vulnerability as “a 
state of the system from which it is possible to transition to an incorrect system state”, and 
pointed out that the violation of assumptions about system resources might cause 
the system to be vulnerable (e.g., memory exploits and I/O system exploits). 

1.2 Software architecture and architectural 
knowledge 

Software Architecture represents “the fundamental concepts or properties of a system 
in its environment embodied in its elements, relationships, and in the principles of its 
design and evolution” [1]. Every system has an architecture [2]. Software architecture 
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acts as a high-level design and as a means of performing complicated trade-offs 
among functional, non-functional, and business requirements [2]. 

The topic of software architecture has a long history in both academia and 
industry [22]. It shifted from the concept of system structure and behavior (i.e. 
components interacting through connectors), to the concept of architectural 
knowledge (software architecture is comprised of a set of design decisions and 
design) [23]. The latter concept goes beyond viewing architecture as merely the 
end result; it also focuses on the process that stakeholders follow to reach that end 
result, i.e., architectural knowledge management [24][25].  

The importance of architectural knowledge and its management (e.g., 
documentation, sharing, and reuse) has been emphasized by both researchers and 
practitioners over the past years [23]. The benefits of managing architectural 
knowledge are various [23], such as: (1) reducing knowledge vaporization in 
software development; (2) mitigating misunderstandings and ineffective 
communications between stakeholders; (3) facilitating a better understanding of 
the architecture as well as the whole system within a project team; and (4) helping 
system analysis (e.g., impact analysis of design decisions). 

1.3 Architectural assumptions and their 
management 

According to the aforementioned definition of software assumption (see Section 
1.1), we define architectural assumptions as architectural knowledge taken for 
granted or accepted as true without evidence. As an example, a stakeholder may 
assume that “the number of users (visitors) of the system would be around 1 million per 
day”. When the uncertainty of an architectural assumption is eliminated, the 
assumption can be removed or transformed to another type of software artifact  (in 
the case of the previous example the assumption will become a requirement when 
the number of users (visitors) of the system turns out to be 1 million per day as 
initially thought). Like other types of assumptions, architectural assumptions have 
a set of characteristics, described as follows: 
(1) Subjective. Many researchers and practitioners pointed out the subjective 

nature of assumptions in software development (i.e., whether a piece of 
information is an assumption or not, is rather subjective). This is the major 
reason that stakeholders may have a different understanding of the 
assumption concept. As an example, Roeller et al. [4] mentioned: “From one 
perspective or stakeholder, we may denote something as an assumption, while that 
same thing may be seen as a design decision from another perspective.” 

(2) Dynamic. Assumptions have a dynamic nature, i.e., they can evolve over time 
[7]. 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. 
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(3) Context dependent. Assumptions are context dependent [10]. For example, the 
same assumption could be valid in one project, and invalid in another project 
because the context changes; or an assumption in one project is not an 
assumption in another project. 

(4) Intertwined with certain types of artifacts. Assumptions are not independent 
in software development, but intertwined with many types of software 
artifacts. For example, when managing assumptions in software design (e.g., 
[34]), assumptions are commonly related to requirements, design decisions, 
components, etc. 

In this thesis, of all the different types of assumptions in software development, 
we focus on architectural assumptions. The reasons are: (1) Architectural 
assumptions are an important type of architectural knowledge [4]. (2) 
Assumptions should be managed from the early phases of software development 
(i.e., requirements engineering and architecture design) [13]. As evidenced in 
many studies (e.g., [4][9][13]), managing architectural assumptions is of significant 
importance in both architecting and software development. (3) Many problems are 
caused by not-well managed architectural assumptions, such as architectural 
mismatch [9]. 

1.4 Problem statement 
Even though we found many studies (e.g., [28][29][30][31][32][33]) regarding 

assumptions and their management in software development, the majority of the 
related work does not deal with architectural assumptions but other types of 
assumptions within different phases of software development. However, the 
proposed approaches, techniques, and tools for managing assumptions in other 
phases of software development may not be suitable for architectural assumption 
management. As an example, there are studies on the topic of assume-guarantee 
reasoning (e.g., [30][32]), which is a powerful approach for system verification, 
including modular, component, and program verification, and can support 
assumption management activities, such as Making, Description and Evaluation. 
Nevertheless, in other contexts of software development (e.g., making architecture 
design decisions), assume-guarantee reasoning may not be suitable [14].  

There is also some related work that targets architectural assumptions and their 
management specifically (e.g., [4][9][13][27][34]). However, we see the following 
limitations in those works:  

(1) There is no general architectural assumption management process 
proposed in literature, only approaches for individual activities. For 
example, Roeller et al. [4] focused on Architectural Assumption Recovery 
(e.g., how to recover architectural assumptions), while Recovery is only a 
single activity within architectural assumption management. The “big 
picture” of architectural assumption management in software 
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development is missing, resulting in a lack of systematic and efficient 
management of architectural assumptions in software development. 

(2) Many approaches for architectural assumption management are 
considered resource-intensive, leading to a rather low return on 
investment. This is a key challenge in having those approaches adopted 
in industrial practice. 

(3) There is a lack of clear and practical guidance for software development 
teams to apply the proposed approaches regarding architectural 
assumption management in current literature. Specifically, we see the 
following problems: (a) Some studies only suggest that an approach can 
be used in managing architectural assumptions, without further 
elaboration (e.g., how exactly such an approach can be used to manage 
architectural assumptions). (b) Different stakeholders have various 
concerns about architectural assumptions, but the existing approaches 
only address few of them, and the connections between such concerns 
and respective stakeholders are not clear; and (c) It is ambiguous which 
architectural assumptions concerns are addressed by the proposed 
approaches, and how they address the concerns.  

(4) There is a lack of dedicated tools in architectural assumption 
management. For example, stakeholders usually use MS Word, Excel, etc. 
to document architectural assumptions. However, these general tools are 
not dedicated to Architectural Assumption Description, which leads to a 
number of problems (e.g., description becomes too resource-intensive 
and difficult to manage). 

We see two reasons that cause the aforementioned problems. First, while 
treating architectural assumptions as first class entities is of significant importance 
in software development, it is not yet practiced at a large scale. Instead, 
architectural assumptions are usually mixed with other types of artifacts, or 
considered as, for instance, a force of another type of artifact. Second, due to the 
characteristics of assumptions, especially their subjective nature, many studies 
mention that it is difficult to draw a line between assumptions and other types of 
software artifacts. This hinders architectural assumption management in software 
development, as assumptions are mixed with other types of artifacts.  

In this thesis, we address the core problem: how can we provide a systematic 
approach to manage architectural assumptions?  

1.5 Research design 
As defined by March and Smith [36], as well as Hevner et al. [37], design science 

is “the design and validation of solution proposals to practical problems”. Wieringa [38] 
further defined design science as ”the design and investigation of artifacts in context”. 
Such artifacts that interact with a problem context are used to improve something 
in the specific context [38]. The design and investigation part can be mapped to 
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two types of problems [38], namely design problems (i.e., “call for a change of the 
world”, e.g., how to improve things?) and knowledge questions (i.e., “call for a 
change of our knowledge about the world”, e.g., what is the state of the art of things?). 

As one problem can generate more problems, this makes the development of a 
design science project iterative. For example, when we design an artifact to address 
a design problem, we may need to ask certain knowledge questions regarding, for 
instance, the artifact itself or its problem context. Answering such knowledge 
questions can offer knowledge to help address the design problem. As another 
example, when answering a knowledge question, it can lead to one or several new 
design problems. Addressing such design problems can help to answer the 
original knowledge question. 

Wieringa [38] developed an engineering cycle for design science, comprised of 
problem investigation, treatment design, treatment validation, treatment 
implementation, and implementation evaluation. As an example, a researcher can 
start from investigating a practical problem; design one or several solutions for the 
problem; evaluate the solutions; select one design to implement; evaluate the 
outcome of the implementation; and there could be a new iteration starting from 
the beginning within the engineering cycle. 

There are several frameworks for design science. As an example shown in Fig. 1, 
Wieringa [15] refined the framework proposed by Hevner et al. [37]. Such a 
framework emphasizes not only designing artifacts to address a problem or 
evaluating a solution, but also problem investigation, namely paying attention to 
existing problems, goals, and outcomes [15]. Moreover, the structure of design 
science in this framework is comprised of two types of problems, i.e., design 
problems (also called as practical problems) and knowledge questions.  

 

 
Fig. 1. Design science framework adapted from [37] 

 

As another example shown in Fig. 2, Wieringa [38] further adapted his 
framework from [15]. The author used new terms, as well as new insights on the 
elements in the adapted framework. For instance, instead of classifying the 
knowledge base into three types in [15], the new framework calls it as knowledge 
context, while defines it in a more general way. However, the essence (e.g., key 
elements, such as design problems and knowledge questions) of the two 
frameworks is still similar. 
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Fig. 2. Design science framework adapted from [15] 

 

In the rest of this section, we first detail the design problems and knowledge 
questions of the research, and then provide the research methods used in the thesis. 

1.5.1Design problems and knowledge questions 
Fig. 3 shows the decomposition of the overall research problem into four design 

problems (i.e., DP1 – DP4) and four knowledge questions (i.e., KQ1 – KQ4). 
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Fig. 3. Decomposition of the research problem 
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to analyze the research literature and understand the current state of the research 
regarding assumptions in general and their management in software development. 
Therefore, we came up with KQ1 (i.e., “What is the state of the art on assumptions and 
their management?”). KQ1 is further decomposed into two knowledge questions: 

KQ1.a: “What is the current understanding of assumptions and their management in 
literature?” KQ1.a includes various aspects: definitions, classifications, and related 
software artifacts of assumptions; existing activities, related stakeholders, benefits, 
challenges, and lessons learned of assumption management; consequences caused 
by not well-managed assumptions. 

KQ1.b: “What is the existing support of assumption management in literature?” 
KQ1.b concerns existing approaches and tools used for assumption management. 

Besides the analysis of literature, it was of paramount importance to investigate 
the state of the practice regarding architectural assumptions and their management 
in industry. The major reason is that there could be a significant difference 
between academia and industry regarding the same topic, leading to different 
results. In this thesis, we strived to deal with real problems from industry, instead 
of academic problems. To this end, we formulated KQ2 (i.e., “What is the state of the 
practice regarding architectural assumptions and their management from architects' 
perception?”). In addition, while KQ1 regards assumptions in software 
development in general, the scope of KQ2 is narrowed down to architectural 
assumptions, which is the focus of this thesis.  KQ2 is further decomposed into 
three knowledge questions: 

KQ2.a: “What is the architects’ perception on architectural assumptions?” KQ2.a 
studies the way architects perceive the term and concept of architectural 
assumption, examples and characteristics of architectural assumptions, and 
relations between architectural assumptions and other types of software artifacts. 

KQ2.b: “What is the existing support of architectural assumption management?” 
KQ2.b aims to explore the existing architectural assumption management 
approaches and tools in industrial practice. 

KQ2.c: “What are the challenges and benefits of architectural assumption management?” 
KQ2.c explores why architectural assumptions are usually not well managed in 
software development. 

The results of KQ1 and KQ2 show that architectural assumption management is 
comprised of a set of architectural assumption management activities, but there is 
no general architectural assumption management process that can encompass 
these identified individual activities as a whole. Again, according to the results of 
KQ1 and KQ2, this is one of the major reasons that architectural assumptions are 
usually not systematically managed in software development. Therefore, we 
formulated DP1: “How to manage architectural assumptions by following a general 
process?” DP1 is further decomposed into a design problem and a knowledge 
question: 
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DP1.a: “Design an architectural assumption management process comprised of 
architectural assumption management activities. “ 

DP1.b: “Is the proposed architectural assumption management process valid?” 

During the evaluation of the proposed architectural assumption management 
process, we found that it was of significant importance to provide dedicated 
approaches on individual activities of the process, especially Architectural 
Assumption Description, which is the most significant activity in managing 
architectural assumptions. As an example, it proves to be quite difficult to evaluate 
or maintain an architectural assumption if it is not described in a systematic way. 
However, before being able to propose a solution for Architectural Assumption 
Description, a more specific analysis was required of how this activity is 
performed in practice. To this end, we formulated KQ3 (i.e., “What is the state of the 
practice regarding Architectural Assumption Description from practitioners' 
perception?”). KQ3 is further decomposed into two knowledge questions: 

KQ3.a: “What is the existing support for Architectural Assumption Description?” 
KQ3.a aims to further explore which approaches and tools were used in practice 
for Architectural Assumption Description. 

KQ3.b: “What are the challenges and obstacles in Architectural Assumption 
Description?” KQ3.b gathers data regarding why architectural assumptions are 
usually not well documented in software development. 

The results of KQ3 confirm that Architectural Assumption Description (or lack 
thereof) is a real problem in industry, and the existing approaches are not able to 
satisfy certain concerns from stakeholders in describing architectural assumptions 
in software development. This confirms the earlier results obtained from KQ1, 
KQ2. Therefore, we formulated DP2 as “How to systematically describe architectural 
assumptions?” DP2 is further decomposed into one design problem and two 
knowledge questions: 

DP2.a: “What are the concerns of stakeholders regarding Architectural Assumption 
Description?” There is a lack of widely accepted understanding on the concerns of 
stakeholders that should be addressed when documenting architectural 
assumptions. A concern is any interest in a system related to stakeholders [1]. 
DP2.a aims to fill this gap. 

DP2.b: “Design a framework for Architectural Assumption Description that addresses 
the identified concerns.” 

DP2.c: “Is the proposed approach valid?” 

During the evaluation of the framework, even though we found that the 
framework could benefit Architectural Assumption Description, the lack of tool 
support was a critical problem to adopt the framework in practice. To this end, we 
formulated DP3 (i.e., “Offer tool support for Architectural Assumption Description”), 
which is further decomposed into a design problem and a knowledge question:  
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DP3.a: “Design a tool that implements the Architectural Assumption Documentation 
Framework.” 

DP3.b: “Is the proposed tool valid?” 

During the evaluation of the tool, though we found it could improve 
architectural assumption management in several aspects (e.g., it proved indeed 
useful for Architectural Assumption Description), the effort required was still a 
key challenge of employing architectural assumption management in practice (also 
supported by the results of DP2). Therefore, there was a need to reduce the 
investment in managing architectural assumptions and consequently make it less 
resource-intensive. According to the literature (e.g., the Agile Manifesto [21]), 
agility aims at reducing the effort of traditional software development, and 
embracing changes with, for example, a set of agile practices. Integrating agility 
into architectural assumption management could be a promising way to address 
the aforementioned problem. As a first step, before trying to propose a specific 
solution, there was a need to understand the current state of the research regarding 
the combination of architecture in general and agility in software development. To 
this end, we formulated KQ4 (i.e., “What is the state of the art on the architecture-
agility combination?”), which is further decomposed into two knowledge questions: 

KQ4.a: “What is the current understanding of the architecture-agility combination in 
literature?” KQ4.a includes various aspects: benefits, costs, challenges, factors, and 
lessons learned of the architecture-agility combination.  

KQ4.b: “What is the existing support of the architecture-agility combination in 
literature?” KQ4.b concerns existing approaches, practices, and tools used for the 
architecture-agility combination. 

The results of KQ4 provide input on how to reduce the effort required in 
architectural assumption management by employing agility. For example, we 
learned which challenges should be dealt with, and what agile practices can be 
used when employing agility into architectural assumption management. Based on 
these results we could proceed to the following step, formulating DP4: “How to 
reduce the investment in managing architectural assumptions?” which is further 
decomposed into a design problem and a knowledge question: 

DP4.a: “Design an approach employing agility for architectural assumption 
management.”  

DP4.b: “Is the proposed approach valid?”  

1.5.2 Research methods for the knowledge questions 
In this thesis, we employed empirical research methods to address the 

knowledge questions mentioned in Section 1.5.1, namely systematic mapping study, 
survey, and case study [16]. As software development is rather human-intensive, 
empirical studies have become common and important in Software Engineering 
[16][42] as they: (1) integrate human behavior into the empirical methods 
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employed; (2) provide a scientific basis in software engineering as they help to 
scientifically evaluate and explain, for example, why one thing is better than 
another; (3) help to gain knowledge and facilitate knowledge sharing in software 
engineering. We describe briefly the research methods employed in this thesis. 

• Systematic mapping studies focus on providing a wide overview of a 
domain, identifying research evidence on a topic, and presenting 
mainly quantitative results [17]. 

• Surveys aim at collecting information to describe, compare, or explain 
knowledge, attitudes, and behavior [18]. 

• Case studies draw on multiple sources of evidence to investigate 
instances of a contemporary software engineering phenomenon within 
its real-life context [19]. 

Table 1 shows a mapping of empirical research methods employed in this thesis 
to the related knowledge questions and design problems and provides the 
rationale behind choosing each method. 
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Table 1. Mapping of empirical methods to the related knowledge questions 

Knowledge question Empirical 
method 

Rationale Chapter 

KQ1. What is the state of the 
art on assumptions and their 
management? 

Systematic 
mapping study 

The methods of systematic literature review and systematic mapping study are typically 
used to conduct secondary studies [17]. A systematic literature review aims at 
identifying, evaluating, and interpreting all available research regarding a certain 
research question, topic area, or phenomenon of interest [17]. A systematic mapping 
study focuses on providing a wide overview of a domain, identifying research evidence 
on a topic, and presenting mainly quantitative results [17]. One of the main differences 
between a systematic literature review and systematic mapping study is that systematic 
literature reviews focus on precise research questions, while systematic mapping studies 
have a broader scope [17]. Assumptions and their management in software development 
is a broad topic, which covers many different aspects (e.g., software development 
activities, artifacts, and stakeholders). Thus, we decided to conduct a systematic mapping 
study instead of a systematic literature review. 

2 

KQ2. What is the state of the 
practice regarding 
architectural assumptions and 
their management from 
architects' perception? 

Case study 
(Exploratory) 

KQ2 aims to explore a phenomenon, namely architectural assumptions and their 
management in a real context. Since case studies provide researchers an understanding 
regarding what actually happens in the real world [19], we decided to conduct an 
exploratory case study. Furthermore, instead of only getting an overview of architectural 
assumptions and their management, this knowledge question requires an in-depth 
analysis, such as coming up with the characteristics of architectural assumptions, which 
could not be achieved by, for example, a survey [19]. 

3 

DP1.b Is the proposed 
architectural assumption 
management process valid? 

Case Study 
(Explanatory) 

As mentioned by Runeson et al. [19], “Case studies may be used for explanatory purposes. This 
involves testing of existing theories in confirmatory studies.” In this knowledge question, the 
aim is to “test an existing theory”, namely to evaluate the proposed architectural 
assumption management process in software development. Therefore, we decided to 
conduct an explanatory case study. 

4 

KQ3. What is the state of the 
practice regarding 
Architectural Assumption 
Description from 
practitioners' perception? 

Survey KQ3 aims to identify the characteristics from a broad population regarding, for example, 
how they document architectural assumptions and what challenges they have 
encountered. We did not aim at exploring what happens when practitioners manage 
architectural assumptions (in which situation a case study could be employed [19]), or 
studying correlation or causality of variables related to architectural assumptions (in 
which situation an experiment is more appropriate [16]). Therefore, we decided to 
conduct a survey. 

5 
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DP2.c Is the proposed 
approach valid? 

Case Study 
(Explanatory) 

Similarly to DP1.b, the aim of DP2.c is to evaluate the proposed approach for 
Architectural Assumption Description. Therefore, we decided to conduct an explanatory 
case study. 

6 

DP3.b Is the proposed tool 
valid? 

Case Study 
(Explanatory) 

Similarly to DP1.b, the aim of DP3.b is to evaluate the proposed tool for Architectural 
Assumption Description. Therefore, we decided to conduct an explanatory case study. 

7 

KQ4. What is the state of the 
art on the architecture-agility 
combination? 

Systematic 
mapping study 

Similarly to KQ1, the aim of KQ4 is to analyze data from literature, i.e., a secondary study 
regarding the topic of employing agility into architectural assumption management. 
Considering the same reasons mentioned in KQ1, we decided to conduct a systematic 
mapping study.  

8 

DP4.b Is the proposed 
approach valid? 

Case Study 
(Explanatory) 

Similarly to DP1.b, the aim of DP4.b is to evaluate the proposed approach for 
architectural assumption management. Therefore, we decided to conduct an explanatory 
case study. 

9 
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1.6 Overview of the thesis 
The rest of the chapters are organized as follows: Chapter 2 to Chapter 9 details 

the design problems and knowledge questions presented in Section 1.5.1, based on 
published papers (in peer-review journals or conferences), or papers that are 
currently under review. Chapter 10 concludes the thesis with future directions. 
Each chapter is elaborated in the following paragraphs. For Chapter 3, Chapter 6, 
and Chapter 7, which have been co-authored by other researchers in addition to 
the supervisors of this thesis, we explain the PhD student’s role in the respective 
paragraphs.  

Chapter 2 addresses KQ1, which is based on “C. Yang, P. Liang, and P. Avgeriou. 
Assumptions and their management in software development: A systematic mapping study. 
Information and Software Technology, 94(2): 82-110, 2018.” The chapter aims to 
explore and analyze the state of the art on assumptions and their management in 
software development. It describes a systematic mapping study that covers the 
literature from January 2001 to December 2015 on assumptions and their 
management in software development. 

Chapter 3 addresses KQ2, which is based on “C. Yang, P. Liang, P. Avgeriou, U. 
Eliasson, R. Heldal, and P. Pelliccione. Architectural Assumptions and their Management 
in Industry – An Exploratory Study. In: Proceedings of the 11th European Conference on 
Software Architecture (ECSA), Canterbury, UK, pp. 191-207, 2017.” The chapter 
presents an exploratory case study with twenty-four architects to analyze 
architectural assumptions and their management in industry. In this work, I took 
the lead in designing and conducting the case study, performing data extraction 
and analysis, and writing the manuscript. 

Chapter 4 addresses DP1, which is based on “C. Yang, P. Liang, and P. Avgeriou. 
Evaluation of a process for architectural assumption management in software development. 
Under review.” The chapter includes the design of an architectural assumption 
management process, comprised of four activities, i.e., Making, Description, 
Evaluation, and Maintenance. It also describes an evaluation of the proposed 
process: an explanatory case study with 88 first-year master students on software 
engineering. 

Chapter 5 addresses KQ3, which is based on “C. Yang, P. Liang, and P. Avgeriou. 
A survey on software architectural assumptions. Journal of Systems and Software, 113(3): 
362–380, 2016.” The chapter describes the current situation on how practitioners 
document architectural assumptions in software development through a web-
based survey with 112 practitioners., who use Chinese as native language and are 
engaged in software development in China. 

Chapter 6 addresses DP2, which is based on “C. Yang, P. Liang, P. Avgeriou, U. 
Eliasson, R. Heldal, P. Pelliccione, and T. Bi. An industrial case study on an Architectural 
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Assumption Documentation Framework. Journal of Systems and Software, 134(12): 190-
210, 2017.” The chapter describes an Architectural Assumption Documentation 
Framework, which is composed of four viewpoints (i.e., the Detail, Relationship, 
Tracing, and Evolution viewpoint), to document architectural assumptions in 
projects. The chapter also includes an evaluation of the framework: a case study 
with two cases conducted at two companies from different domains and countries. 
In this work, I took the lead in designing the proposed framework and the case 
study, conducting the case study in industry, performing data extraction and 
analysis, and writing the manuscript. 

Chapter 7 addresses DP3, which is based on “C. Yang, P. Liang, P. Avgeriou, T. 
Liu, and Z. Xiong. Industrial evaluation of an Architectural Assumption Documentation 
tool: A case study. Under review.” The chapter introduces a dedicated tool for 
Architectural Assumption Description. The chapter also includes an evaluation of 
the tool: an explanatory case study regarding the perceived ease of use and 
usefulness of the tool with sixteen architects from ten companies in China. In this 
work, I designed and was involved in the development of the tool, and I took the 
lead in designing and conducting the case study, performing data extraction and 
analysis, and writing the manuscript.  

Chapter 8 addresses KQ4, which is based on “C. Yang, P. Liang, and P. Avgeriou. 
A systematic mapping study on the combination of software architecture and agile 
development. Journal of Systems and Software, 111(1): 157- 184, 2016.” The chapter 
aims to analyze the combination of architecture and agile methods through a 
systematic mapping study, covering the literature published between February 
2001 and January 2014. 

Chapter 9 addresses DP4, which is based on “C. Yang and P. Liang. Identifying 
and recording software architectural assumptions in agile development. In: Proceedings of 
the 26th International Conference on Software Engineering and Knowledge Engineering 
(SEKE). Vancouver, Canada, pp. 308-313, 2014.” The chapter describes the design of 
an approach that integrates agility into architectural assumption management. It 
also includes an evaluation of the proposed approach: an explanatory case study 
with an architect in China. 

Chapter 10 concludes this thesis by summarizing the contributions of the thesis, 
answers to each knowledge question and design problem, and future directions. 
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Chapter 2  Assumptions and their 
Management in Software Development: 
A Systematic Mapping Study 

[Based on: C. Yang, P. Liang, and P. Avgeriou. Assumptions and their 
management in software development: A systematic mapping study. 
Information and Software Technology, 94(2): 82-110, 2018.] 

Abstract 

Context: Assumptions are constantly made by stakeholders or 
generated automatically in software development. However, there is 
a lack of systematic analysis and comprehensive understanding of the 
research and practice regarding assumptions and their management. 
Objective: This chapter aims to explore and analyze the state of the 
art on assumptions and their management in software development.  

Method: A systematic mapping study that covers the literature from 
January 2001 to December 2015 on assumptions and their 
management in software development.  

Results: 134 studies were included: (1) The studies were published in 
94 venues, which indicates that assumptions and their management 
has been a broad topic in software engineering. (2) Only 21 studies 
defined the assumption concept. (3) Most assumptions are made for 
or related to the artifacts in requirements engineering and software 
design, which demonstrates that assumptions should be managed 
from the early phases of software development. (4) Much effort has 
been put on Assumption Making, Description, and Evaluation, while 
Assumption Maintenance received moderate attention. More than 
half of the tools identified aim to support assume-guarantee 
reasoning. For the other tools, most of them can be used to support 
Assumption Description. (5) All the identified types of stakeholders 
are involved in Assumption Making, followed by Evaluation and 
Description. Stakeholders involved in requirements engineering, 
software design, and software construction play a central role in 
assumption management. (6) The main challenge is the difficulty of 
performing assumption management activities in software 
development. (7) The identified assumption management approaches, 
tools, benefits, and lessons learned are limited to their specific 



Chapter 2 

 

 18 

contexts (e.g., context of use). (8) Most of the negative consequences 
are caused by invalid or implicit assumptions.  

Conclusions: This chapter provides researchers and practitioners 
with a reflection of the past fifteen years of research and practice on 
assumptions and their management in software development. 

2.1 Introduction 
Given the importance of assumptions and their management in software 

development, there is a need for systematic analysis and comprehensive 
understanding of the research and practice regarding this topic. To the best of our 
knowledge, there is no such systematic review. Mamun and Hansson [47] 
conducted a review of assumptions in software development, but the review was 
based on their knowledge without following a systematic approach (e.g., to search 
and select the related studies) [17]. To fill this gap, we conducted a systematic 
mapping study to explore available evidence as well as spot gaps regarding nine 
aspects of assumptions and their management (see Section 2.2 for more details). 
This chapter provides researchers and practitioners with a reflection of the past 
fifteen years of research and practice on this topic. 

The rest of the chapter is structured as follows. Section 2.2 introduces the 
context of the SMS, while Section 2.3 describes the SMS design. The answers to 
each research question (RQ) are provided in Section 2.4. Section 2.5 and Section 2.6 
discuss the results and the threats to the validity respectively. Section 2.7 
concludes this chapter. 

2.2 Context 
The core concepts of this SMS are assumptions and their management in 

software development. This section first introduces assumptions regarding their 
characteristics and classifications as well as the relations between assumptions and 
other types of software artifacts. Then it elaborates on assumption management 
based on several aspects. 

(1) Characteristics of assumptions 

Every assumption has uncertainty. Uncertainty is an important criterion to 
judge whether a piece of information is an assumption. As also supported by other 
chapters (e.g., in Chapter 3), we found that the assumption concept is subjective 
(e.g., whether a piece of information is an assumption), which is a major reason 
that stakeholders may have different understandings of the assumption concept. 
For example, Lago and van Vliet [34] mentioned that it is difficult to draw the line 
between architectural assumptions, requirements, and constraints. Furthermore, 
though stakeholders can understand the assumption concept, they rarely use the 
“assumption” term in their work (e.g., see Chapter 3). Instead, they mix 
assumptions with other types of software artifacts, such as requirements, design 
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decisions, and risks (e.g., see Chapter 3). Assumptions have a dynamic nature, i.e., 
they can evolve over time [7]. 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. Furthermore, 
assumptions are context dependent (e.g., see Chapter 3). For example, 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 [54]. 

(2) Classifications of assumptions 

There are various classifications of assumptions in software development. For 
example, Garlan et al. [9] 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 [51] classified 
architectural assumptions as technical, organizational, and management 
assumptions. However, most of the existing classifications are related to a limited 
set of assumptions (e.g., the classification proposed by Garlan et al. is only for 
architectural assumptions). To the best of our knowledge, there is no general 
classification of assumptions in software development (e.g., based on software 
development activities).  

(3) Assumptions and other types of software artifacts 

Assumptions are not independent in software development, but intertwined 
with many types of software artifacts. For example, when managing assumptions 
in software design (e.g., [13][27]), assumptions are usually related to requirements, 
design decisions, components, etc. However, as mentioned in Point (2) of this 
section, the existing studies only focus on limited types of assumptions (e.g., 
requirement assumptions [5]). Therefore, there is a lack of knowledge regarding 
which software artifacts are related to assumptions in general, as well as how they 
are related. 

(4) Assumption management 

Assumption management is an ill-defined concept. Though there are certain 
approaches and tools (e.g., [4][52]) for managing assumptions, there is no accepted 
definition of assumption management and no overview of the supporting 
approaches and tools. Furthermore, assumption management should be teamwork, 
i.e., different types of stakeholders should be involved [53]. However, there is a 
lack of evidence regarding who should be involved, as well as how they are 
involved in assumption management. Though assumptions were found important 
in software development, the investment and return of managing assumptions 
needs more evidence (e.g., which benefits and challenges stakeholders will face 
when managing assumptions in software development). 
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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 and 
tools instead of stakeholders). A representative example of such management is 
assume-guarantee reasoning in system verification (e.g., [32][55][56][57]). 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 (e.g., [4][5][58]). More discussion between automatic and 
manual assumption management can be found in Section 2.5.2. 

2.3 Mapping study design 
This section introduces the objective, RQs, and execution of the SMS. 

2.3.1 Objective and research questions 
The objective of this SMS was formulated based on the Goal-Question-Metric 

approach [45]: analyze primary studies for the purpose of exploration and 
analysis with respect to assumptions and their management from the point of 

view of researchers and practitioners in the context of software development. 

To get a detailed and comprehensive view of the study topic, the objective of 
this SMS was decomposed into nine RQs, as shown in Table 2: an understanding of 
assumptions in software development (RQ1, RQ2, and RQ3), assumption 
management activities, approaches, and tools (RQ4 and RQ5), the stakeholders, 
benefits, challenges, and lessons learned of assumption management (RQ6, RQ7, 
and RQ9), and the consequences caused by not well-managed assumptions (RQ8). 
Each RQ is mapped to the discussion in Section 2.2. 

 
Table 2. Research questions of this mapping study, their rationale, and related discussion 

Research questions Rationale Discussion 

RQ1: What are the 
definitions of assumption 
in software development? 

Researchers and practitioners may have different 
understandings of assumptions in software 
development. The aim of this RQ is to collect such 
data to show how assumptions are treated and 
defined in software development. 

Point (1) in 
Section 2 

RQ2: What are the types of 
assumptions in software 
development?  

Different types of assumptions have been discussed 
in various software development activities (e.g., 
software design). The answer to this RQ provides an 
overview of various types of assumptions in software 
development. 

Point (2) in 
Section 2 

RQ3: Which software 
artifacts are related to 
assumptions in software 
development? 

Assumptions are not independent in software 
development, but interact with various types of 
software artifacts. The aim of this RQ is to know 
which artifacts are related to assumptions. 

Point (1) and 
(3) in Section 
2 

RQ4: Which activities have 
been proposed to support 

Assumption management contains a set of activities. 
The aim of this RQ is to identify the assumption 

Point (4) in 
Section 2 
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assumption management 
in software development? 

management activities that have been employed or 
discussed in the literature. 

RQ5: Which approaches 
and tools are available to 
support assumption 
management in software 
development? 

There are different approaches and tools that can 
support assumption management in software 
development. The answer to this RQ can make 
researchers and practitioners be aware of these 
specific approaches and tools. 

Point (4) in 
Section 2 

RQ6: Which stakeholders 
are involved in assumption 
management in software 
development? 

Assumption management is related to various 
stakeholders (e.g., architects). The results of this RQ 
can help researchers and practitioners to understand 
who need to be involved and how they play a role in 
assumption management. 

Point (4) in 
Section 2 

RQ7: What are the benefits 
and challenges of 
assumption management 
in software development? 

Assumption management in software development 
leads to certain benefits with challenges. The answer 
to this RQ can make researchers and practitioners be 
aware of such benefits and challenges when 
employing assumption management in software 
development. 

Point (4) in 
Section 2 

RQ8: What are the 
consequences when 
assumptions are not well 
managed in software 
development? 

Not well-managed assumptions (e.g., implicit 
assumptions) may cause problems. The results of this 
RQ make researchers and practitioners be aware of 
the negative impact caused by not well-managed 
assumptions in software development. 

Point (1) to 
(4) in Section 
2 

RQ9: What are the lessons 
learned from assumption 
management in software 
development? 

Lessons learned refer to the experience from the 
authors of the studies about managing assumptions 
in software development. The answer of this RQ can 
help researchers and practitioners to get such 
experience. 

Point (1) to 
(4) in Section 
2 

 

2.3.2 Mapping study execution 
This SMS followed the guidelines proposed by Petersen et al. [49]. This section 

discusses the process employed in the mapping study, including the trial search 
and selection process (see Section 2.3.2.1), formal search and selection process (see 
Section 2.3.2.2), data extraction (see Section 2.3.2.3), and data analysis (see Section 
2.3.2.4). 

2.3.2.1 Trial search and selection 

During the trial search and selection process we encountered a number of 
problems. These problems as well as how we handled them, are elaborated one by 
one: 

(1) How to search in different databases 

The trial search and selection helped the authors to find appropriate search 
methods for each database (see Table 3) because databases employed various 
search engines with different search capabilities. For example, some databases 
provided options to narrow research areas to Computer Science and languages to 
English; this improved the efficiency of the subsequent steps. 
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(2) Which search terms to use 

The trial search and selection were used to refine the search terms in the search 
query. We followed a number of steps to identify an appropriate query expression: 

(a) Several synonyms of “assumption” can be identified in an English dictionary. 
However, these synonyms do not always have the same semantics with the 
term “assumption”, as considered in the scope of our work (see Section 2.2). 
For example, many papers use “guess” or “hypothesis”, but unless the papers 
explicitly mention that these terms are equal to “assume” or “assumption”, we 
cannot conclude that they have the same meaning.  

(b) To ground the search in the context of software development, the query 
expression “(software engineering OR software development OR system 
development) AND (…)” was initially used. However, we found that many 
qualified studies only mention, for example, “software” in their titles or 
abstracts, instead of “software engineering” or “software development”. 

(c) We further tried the following query expression “(assume OR assuming OR 
assumption)”, “system AND (assume OR assuming OR assumption)”, “program 
AND (assume OR assuming OR assumption)”, and “(requirement OR design 
OR architecture OR component OR source code OR testing) AND (assume OR 
assuming OR assumption)”. However, the total numbers of retrieved papers 
were rather enormous. For example, by searching in the IEEE Explore 
database (one of the seven databases used in the SMS) through the query 
expression “(assume OR assuming OR assumption)” from 2001 to 2015, the 
number of retrieved papers was 82,650. 

(d) To balance the value of the SMS and the effort needed, we chose to use the 
query expression “(software) AND (assumption OR assume OR assuming)” in 
the SMS. We note that this could lead to a threat of missing relevant studies, 
and this threat is discussed in Section 2.6.  

(3) How to decide for inclusion/exclusion of studies in the first round of 

selection 

In a number of occasions, only reading the title of a paper could not help to 
make a decision regarding whether the paper should be included or not. Therefore, 
we decided to read the title and abstract of a paper simultaneously in the formal 
search and selection (i.e., Phase 2 in Fig. 5). 

(4) Which papers to include 

The trial search and selection were used to refine the selection criteria for the 
formal search and selection. For example, two types of papers were identified in 
the trial search and selection, i.e., papers regarding assumptions in software 
development and assumptions about an approach or a tool. Moreover, we found 
some papers that either mention the term “assumption” without actually using it as 
meant in this study or contain no relevant data to answer the RQs. To avoid losing 
focus, we decided to only include the papers that concern assumptions in software 
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development, and exclude papers that do not have enough data related to the RQs 
(see Section 2.3.2.2.4).  

(5) How to achieve a joint understanding among authors 

The trial search and selection helped the authors to reach a consensus on 
various aspects of the study search and selection. For example, to reach an 
agreement on the selection criteria, a sample of 100 papers were chosen for further 
discussion among the authors, regarding why they should or should not be 
included. 

The procedure of the trial search and selection is shown in Fig. 4. One researcher 
(R1) searched and selected papers in IEEE Explore, while another researcher (R2) 
searched and selected papers in Wiley InterScience and ISI Web of Science. The 
results of the search and selection were reviewed by a third researcher.  

 

 
Fig. 4. Process of the trial search and selection 

 

2.3.2.2 Formal search and selection 

This section introduces the procedure of the formal search and selection (see 
Section 2.3.2.2.1), search scope (see Section 2.3.2.2.2), search query (see Section 
2.3.2.2.3), and selection criteria (see Section 2.3.2.2.4). 

Task

Legend
Sequence 
of tasks

1st round selection (by 
title)

2nd  round selection (by 
abstract)

Database search Phase 1

Phase 4
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3rd  round selection (by 
full text)

19428
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1300 (Wiley InterScience and 
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Wiley InterScience and ISI 

Web of Science

R1: 8 (out of 28 papers from 
IEEE Explore); R2: 104 (out 
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InterScience and ISI Web of 

Science)

Number of 
selected 
papers
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2.3.2.2.1 Procedure 

The execution procedure of the formal search and selection in seven phases is 
shown in Fig. 5. 

Phase 1: Searching papers in seven databases (see Table 3). 

Phase 2: Conducting the 1st round selection (i.e., by title and abstract) based on 
the results of the database search. 

Phase 3: Selecting papers from the results of Phase 2 by reading the full text. 

Phase 4: Using the Snowballing technique [46] to manually check all the 
references of the selected papers from Phase 3. Snowballing entails using the 
reference list of a paper (backward Snowballing) or the citations to the paper 
(forward Snowballing) in order to identify additional studies [46]. We conducted 
backward Snowballing, collecting all the references from the papers resulting from 
Phase 3 (i.e., Phase 4-1), then selected papers first by title and abstract (i.e., Phase 4-
2), and subsequently by full text (i.e., Phase 4-3). 

Phase 5: Searching and selecting papers in the seven databases regarding rely-
guarantee approaches and assumption-commitment approaches. The reason that 
we conducted the extended search and selection is that the results of Phase 3 and 4 
showed that some qualified studies manage assumptions in software development 
using assume-guarantee approaches, which are also called rely-guarantee or 
assumption-commitment approaches. 

Phase 6: Extracting data (see Table 4) of the selected papers (including a trial 
data extraction). 

Phase 7: Analyzing the extracted data from Phase 6. 
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Fig. 5. Process of the formal search and selection 

 

2.3.2.2.2 Search scope 

Based on our experience in conducting secondary studies, and according to 
other systematic reviews on the topics of software engineering [43][48], the 
databases listed in Table 3 were used as the sources for the database search of this 
SMS. Since the seven databases used different search engines and strategies, the 
matched scopes were different. For example, in the Springer Link database3, the 
search engine allows users to search “with all of the words”, “with the exact phase”, 
“with at least one of the words”, “without the words”, “where the title contains”, “where 
the authors / editor is”, and “show documents published”. It does not support searching 
in keywords or abstract. Therefore, the matched scope in the Springer Link 
database was only “Title”. 

 
Table 3. Databases used in the search 

Database Link Matched scope in 
database 

ACM Digital 
Library 

http://dl.acm.org/ Title, abstract 

                                                           
3 https://link.springer.com/advanced-search 

Extended search and 
selection

Data Extraction

Task
Legend Sequence 

of tasks

1st round selection 
(by title and abstract)

2nd  round selection 
(by full text)

Database search

Phase 4

Phase 3

Phase 2

Phase 1

Snowballing

Phase 5

Phase 6

1st round selection 
(by title and abstract)

2nd  round selection 
(by full text)

All the references 
from Phase 3

Phase 4-1

Phase 4-2

Phase 4-3

Data Analysis
Phase 7
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IEEE Explore http://ieeexplore.ieee.org/Xplore/home.jsp Title, keywords, abstract 

Science Direct http://www.sciencedirect.com/ Title, keywords, abstract 

Springer Link http://link.springer.com/ Title 

Wiley InterScience http://onlinelibrary.wiley.com/ Title, abstract 

EI Compendex https://www.engineeringvillage.com/ Title, abstract 

ISI Web of Science https://login.webofknowledge.com Title, keywords, abstract 

 

The time period of search was set between January 2001 and December 2015 (i.e., 
the starting time of this SMS). Searching without a temporal limitation would be 
extremely resource-intensive, and could not be achieved in a realistic time frame. 
However, to the best of our knowledge, there are no papers that can potentially act 
as a milestone in this domain (i.e., assumptions and their management in software 
development), because the topic is general and broad. Therefore, we set the start 
year to 2001, considering that 15 years is a reasonable period for the topic of this 
SMS. Moreover, Google Scholar was not included in the database search, because 
the precision of the retrieved results from Google Scholar is insufficient, and it may 
have considerable overlap with other databases such as IEEE Explore on software 
engineering literature [44]. 

2.3.2.2.3 Search query 

Boolean “OR” was used to join alternative words and synonyms and Boolean 
“AND” was used to join major terms: 

(1) Phase 1: “(software) AND (assumption OR assume OR assuming)” 

(2) Phase 5: “(rely guarantee OR rely/guarantee OR rely-guarantee)” 

(3) Phase 5: “(assumption commitment OR assumption-commitment OR 

assumption/commitment)” 

2.3.2.2.4 Selection criteria 

Inclusion criterion: 

I1: The paper concerns assumptions in software development (e.g., requirement 
assumptions). 

Exclusion criteria: 

E1: The paper concerns assumptions about an approach or a tool. 

E2: The paper is gray literature (e.g., technical report) [17]. 

E3: If the same work was published in more than one venue, the less mature 
papers are excluded. 

E4: The paper is not written in English. 

E5: The paper only has an abstract and not a full text. 

E6: The paper merely mentions the term “assumption”. 

E7: The paper contains no relevant data to answer the RQs. 
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E1 was used because, to the best of our knowledge, there exist two types of 
assumptions in software development: (1) assumptions made in software 
development (e.g., assuming that the end users of the software are mostly elder 
people) and (2) assumptions made for a specific approach or tool (e.g., making 
assumptions about the design of an approach or tool). Since the topic of this SMS is 
assumptions and their management in software development, E1 was set to 
exclude all the papers related to the second type of assumptions. 

2.3.2.3 Data extraction 

Table 4 shows the details (i.e., description and related RQ) of the extracted data 
items in this SMS. 

 
Table 4. Data items to be extracted 

# Data item Description RQ 

D1 ID The ID of the study N/A 

D2 Title The title of the study N/A 

D3 Author The authors of the study N/A 

D4 Type of authors The type of authors (i.e., academia, industry, or 
both) 

N/A 

D5 Publication type The type of publication of the study (e.g., journal) N/A 

D6 Publication venue The name of the venue where the study was 
published 

N/A 

D7 Publication year The publication year of the study N/A 

D8 Definition The definitions of assumption RQ1 

D9 Software development 
activity 

The software development activities (e.g., software 
design) that involve assumptions 

RQ2 

D10 Artifact The artifacts (e.g., requirements) related to 
assumptions in software development 

RQ3 

D11 Assumption 
management activity 

The assumption management activities (e.g., 
Assumption Making)  

RQ4 

D12 Approach The assumption management approaches RQ5 

D13 Tool The assumption management tools  RQ5 

D14 Stakeholder The stakeholders who are involved in assumption 
management 

RQ6 

D15 Benefit The benefits of assumption management in 
software development 

RQ7 

D16 Challenge The challenges of assumption management in 
software development 

RQ7 

D17 Consequence The consequences caused by not well-managed 
assumptions in software development 

RQ8 

D18 Lesson learned The lessons learned of assumption management in 
software development 

RQ9 
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2.3.2.4 Data analysis 

The extracted data were analyzed based on the RQs. We used a bubble chart (see 
Fig. 10) to visualize types of assumptions (see Section 2.4.3), assumption 
management activities (see Section 2.4.5), and time period. For answering RQ1, 
RQ2, RQ3, RQ4, and RQ5, both descriptive statistics and Constant Comparison (i.e., 
generating concepts from the extracted data) [20] were employed. For answering 
the other RQs, we only employed Constant Comparison. 

Constant Comparison provides a systematic way to generate concepts from data, 
and a continuous process of verification of the generated concepts and categories 
[20][50]. We followed the guidelines proposed by Adolph et al. [50] to conduct 
Constant Comparison. We coded the extracted data as incidents, compared these 
incidents to each other to generate concepts, and further performed comparison 
among incidents and concepts to generate categories. For example, if a paper 
mentions: “Sometimes changes could be adopted easily; but sometimes even crucial parts 
of the application had to be rewritten, often because its assumptions did not hold any 
longer”, the incident was first coded as “Consequences caused by not well-managed 
assumptions”. We also used subcodes to detail the codes of incidents. Considering 
the aforementioned example, the part of the incident mentioning “often because its 
assumptions did not hold any longer”, was sub-coded as “Consequences caused by not 
well-managed assumptions: Invalid assumptions”. Note that the length of an incident 
can vary from a single word to several paragraphs. Furthermore, the Constant 
Comparison process was iteratively conducted. Finally, we did not predefine 
codes, but let the codes gradually emerge during the Constant Comparison process. 

2.4 Results 
This section reports results of the SMS. 

2.4.1 Overview 
This section first introduces the search, selection, and Snowballing results (see 

Section 2.4.1.1) and then provides the distribution of the selected studies (see 
Section 2.4.1.2). 

2.4.1.1 Search, selection, and Snowballing results 

As shown in Fig. 6, during the database search, 19,428 papers were retrieved 
from the seven databases. 302 papers were included after the 1st round selection 
and 108 papers were retained after the 2nd round selection. Furthermore, 25 
papers were identified through Snowballing, and one paper was selected during 
the extended search and selection; this led to a final set of 134 papers in this SMS. 
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Fig. 6. Results of search, selection, and Snowballing 

 

2.4.1.2 Demographics of included studies 

The number of the selected studies per type of venue (i.e., conference, journal, 
workshop, and book) is shown in Fig. 7. Most of the studies were published in 
conferences (81 out of 134, 60.4%) and followed by journals (34 out of 134, 25.4%). 
The 134 studies are distributed in 94 publication venues. 

 

  
Fig. 7. Number of studies over the four types of publication venues 
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The number of studies per publication venue is listed in Table 87 (we only 
present the venues that published at least two studies). The top two venues are 
International Conference on Computer Aided Verification (6 out of 134, 4.5%) and 
Journal of Systems and Software (5 out of 134, 3.7%). The number of the selected 
studies per year ranges is from four to fifteen as shown in Fig. 8. One research 
group published four studies in 2008, which can partially explain the peak (i.e., 15). 

 

 
Fig. 8. Number of studies over time period (2001-2015) 

 

As shown in Fig. 9, the authors of 94 studies (out of 134, 70.1%) were from 
academia, and the authors of 8 studies (out of 134, 6.0%) came from industry. 32 
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Fig. 9. Number of the included studies over types of authors 

 

2.4.2 RQ1: What are the definitions of assumption in 
software development? 

Table 5 shows all the definitions of assumption in software development from 
the selected studies, which are further classified into a number of types and 
mapped to the related software development activities. Each type is explained by 
the corresponding definition except for two types that aggregate definitions: 
“Context assumption” (where context may refer to a system environment such as 
hardware or the artifacts’ context such as the reason of making certain decisions), 
and “General assumption” (defining assumption in a general way, for example, 
based on English dictionaries). Compared to the original definitions in the selected 
studies, we rephrased the sentences of the definitions taking care not to alter their 
meaning. 
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Table 5. Definitions of assumption in software development 

Type Software development 
activities 

Core concept Definition Studies 

Context 
assumption 

Requirements engineering, 
Software design, Software 
maintenance and evolution 

Uncertainties and 
expectations 

Context assumptions are uncertainties and expectations 
of the context (e.g., motivational reasons) for making 
design decisions. 

[S122] 

Requirements engineering Assumptions Context assumptions are assumptions about the laws of 
the physical world and the behavior of other systems. 

[S98] 

Requirements engineering Uncertain 
descriptive 
statements 

Context assumptions are descriptive statements that may 
not hold and should be satisfied by the problem world. 

[S38] 

Requirements engineering, 
Software design, Software 
construction 

Assumptions Context assumptions are assumptions that constrain 
environment behaviors. 

[S17] 

Requirements engineering, 
Software design 

Uncertain 
statements 

Context assumptions are statements accepted to be true, 
and they are about the hardware and everything outside 
the system. 

[S99] 

Trust assumption Requirements engineering, 
Software design 

Trusted choices, 
statements, and 
opinions 

Trust assumptions are explicit or implicit choices, 
statements, or opinions that concern the behavior and 
properties of the system. 

[S45][S60] 
[S61][S62] 
[S107][S108] 

Architectural 
assumption 

Requirements engineering, 
Software design, Software 
construction, Software testing, 
Software maintenance and 
evolution 

Implicit design 
decisions and the 
rationale 

Architectural assumptions are implicit design decisions 
as well as the rationale and context behind these 
decisions. 

[S85][S88] 
[S91][S114] 
[S132]  

Early 
architectural 
assumption 

Requirements engineering, 
Software design 

Assumptions Early architectural assumptions are assumptions about 
initial architectural elements of the expected architecture 
(e.g., building blocks of the envisaged system) and they 
exist before making architectural design decisions. 

[S89][S90] 
[S91] 

General 
assumption  

Requirements engineering Uncertain 
assertions 

Assumptions are assertions of truth or something that is 
taken for granted. 

[S63] 
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Requirements engineering, 
Software design, Software 
maintenance and evolution 

Invariabilities Assumptions are invariabilities about the system and the 
environment. 

[S85] 

Aspect 
assumption 

Requirements engineering, 
Software design, Software 
construction, Software testing, 
Software maintenance and 
evolution 

Assumptions Aspect assumptions are assumptions about the context 
of an aspect (e.g., the property of the aspect) in aspect-
oriented software development. 

[S133] 

Service 
assumption 

Software design Assumptions Service assumptions are assumptions about the things 
that may not be known in service composition.  

[S97] 
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2.4.3 RQ2: What are the types of assumptions in software 
development? 

In this SMS, we used and adapted the classification of software development 
activities proposed in SWEBOK [3] (see Appendix A.2), and classified assumptions 
according to the activities. Though there are different classifications of software 
development activities, the reason for choosing SWEBOK is that it is a well-
accepted and mature point of reference in the domain of software development. 
The results are shown in Table 88: assumptions related to requirements 
engineering, software design, construction, testing, and maintenance and 
evolution. For each activity we classified assumptions either because the 
assumptions are made in that activity, or because the assumptions concern 
artifacts of that activity (e.g., requirements, architectural design decisions, source 
code, or bugs). Since a selected study may mention assumptions with different 
software development activities, the study can be classified to more than one type 
(see Table 88). 

Specific types of assumptions in requirements engineering and software design 
have been further classified into various subtypes in several studies (available 
online [61]). Two examples are provided below. 

(1) Classification of domain assumptions [S115] (requirements engineering): 
(a) Mandatory domain assumptions are assumptions about the necessary 

requirements in product line development (e.g., assuming a requirement 
should be included). 

(b) Optional domain assumptions are assumptions about choosing one 
requirement from the alternative requirements (e.g., assuming a 
requirement should be chosen from several requirements). 

(c) Multiple domain assumptions are assumptions about choosing a number 
of requirements from the alternative requirements. 

(2) Classification of architectural assumptions [S84][S85] (software design): 
(a) Technical assumptions are assumptions about the technical environment 

of the system (e.g., databases). 
(b) Organizational assumptions are assumptions about the company (e.g., the 

social settings of the company) that may have an impact on software 
development. 

(c) Management assumptions are assumptions about the decisions for 
business objectives (e.g., management strategies). 

2.4.4 RQ3: Which software artifacts are related to 
assumptions in software development? 

Various software artifacts are related to assumptions in software development 
as shown in Table 6. We also classified these artifacts according to the software 
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development activities suggested in SWEBOK [3] (see Appendix A.2). The reason 
for choosing software development activities as well as SWEBOK to classify the 
artifacts is the same to the classification of assumptions, which has been explained 
in Section 2.4.3. Though one type of artifacts can be involved in one or several 
software development activities, in this classification, only the primary activity 
was considered in which the type of artifacts are created and managed (e.g., 
requirements in requirements engineering). The reason is that RQ3 regards which 
software artifacts are related to assumptions, instead of relationships between 
software development activities and artifacts. For example, we focused on whether 
requirements are related to assumptions, instead of whether requirements are 
considered in requirements engineering or other activities in the selected studies. 
The artifacts were further sub-classified based on their names (e.g., “model” and 
“specification”) as shown in Table 6. The intension is merely to improve the 
readability, since arranging all the artifacts into one cell would make the table 
difficult to read. Additionally, though both the results of RQ3 (in Table 6) and RQ2 
(in Table 88) are classified based on software development activities, the two tables 
could not be merged. This is because the results of RQ3 only present the studies 
that explicitly mention assumptions with the related artifacts; in contrast, the 
results of RQ2 are broader and include the studies that discuss assumptions made 
in a specific development activity without mentioning the related artifacts. Finally, 
as a paper may mention assumptions with different types of artifacts, and 
therefore, the paper can be classified to more than one type (see Table 6). 
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Table 6. Software artifacts related to assumptions in software development 

Software 
development 
activity 

Number (%) Software artifact Number 
(%) 

Studies 

Requirements 
engineering 

72 (53.7%) “Misc”: Requirement, Function/Functionality, 
Feature, Use case, Requirements decision, User 
feedback, Goal, Functional contract, Requirements 
prototype 

69 (51.5%) [S2][S3][S4][S5][S6][S7][S8][S9][S13][S16][S17]
[S18][S29][S30][S32][S34][S36][S38][S40][S43] 
[S45][S46][S53][S54][S56][S59][S60][S61][S62] 
[S64][S66][S67][S70][S73][S74][S76][S78][S80] 
[S82][S84][S85][S88][S89][S90][S91][S93][S96] 
[S98][S99][S100][S102][S103][S104][S106] 
[S107][S108][S111][S113][S114][S115][S116] 
[S119][S121][S122][S125][S126][S127][S128] 
[S133] 

“Specification”: Requirements specification, Feature 
specification, Functional specification, Use case 
specification, User specification, Product 
specification, Machine specification, Domain 
specification, Behavior specification, Security 
control specification 

15 (11.2%) [S2][S6][S43][S60][S61][S64][S66][S104][S109] 
[S113][S115][S116][S119][S121][S125] 

“Model”: Requirements model, Goal model, 
Feature model, Use case model, Domain model, 
Behavior model 

10 (7.5%) [S4][S38][S67][S82][S85][S90][S96][S112][S115]
[S127] 

“Scenario”: Requirements scenario, Quality 
attribute scenario, Usage scenario 

6 (4.5%) [S44][S59][S88][S89][S90][S91] 

Software design 96 (71.6%) “Component-Interface”: Component, COTS product, 
Component service, Component contract, Port, 
Component model, Interface, Interface event, API, 
API usage pattern, Component trace, Service, 
Module, Package 

80 (59.7%) [S7][S8][S9][S10][S11][S12][S13][S14][S15] 
[S17][S19][S20][S21][S22][S23][S25][S26][S27] 
[S29][S30][S33][S34][S35][S36][S40][S41][S43] 
[S44][S46][S52][S53][S54][S55][S56][S58][S60] 
[S64][S65][S67][S68][S69][S70][S71][S72][S73] 
[S75][S76][S77][S78][S80][S81][S83][S84][S85] 
[S88][S89][S91][S93][S94][S95][S97][S99][S102]
[S103][S109][S110][S111][S114][S116][S117] 
[S119][S120][S122][S123][S124][S126][S130] 
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[S131][S133][S134]  

“Decision”: System decision, Design decision, 
Modeling decision 

25 (18.7%) [S9][S18][S24][S31][S39][S40][S59][S66][S85] 
[S86][S87][S88][S89][S90][S92][S97][S99][S104]
[S105][S114][S119][S121][S122][S127][S132] 

“Architecture”: Architecture, Architectural view, 
Architectural solution 

18 (13.4%) [S8][S27][S31][S55][S59][S67][S68][S78][S80] 
[S84][S85][S88][S89][S90][S91][S114][S119] 
[S130] 

“Misc”: Design model, Dataflow, Control flow, 
Design pattern, Design contract, Design claim, 
Design object, Design persona 

7 (5.2%) [S34][S54][S55][S71][S119][S122][S127]  

“Specification”: Design specification, Architecture 
specification, Component specification, Service 
specification, Aspect specification 

6 (4.5%) [S12][S19][S26][S57][S122][S134] 

“Aspect”: Aspect, Aspect property model 4 (3.0%) [S57][S77][S78][S133] 

Software 
construction 

31 (23.1%) “Code”: Source code, Source code comment, Source 
code annotation, Implementation decision, Class, 
Thread 

31 (23.1%) [S1][S3][S6][S13][S17][S23][S34][S36][S40] 
[S42][S44][S47][S51][S54][S55][S57][S75][S76] 
[S80][S86][S87][S93][S100][S101][S105][S109] 
[S111][S114][S119][S124][S133] 

“Specification”: Program specification, Data values 
specification 

2 (1.5%) [S93][S109] 

Software testing 5 (3.7%) Bug, Testing plan 5 (3.7%) [S13][S54][S80][S105][S133] 

Others 16 (11.9%) Risk, Organizational decision, Management 
decision, Plan, Task, Context model, Context 
specification, Version control information, System 
log, Process model, Product model 

16 (11.9%) [S5][S31][S38][S39][S43][S45][S60][S67][S76] 
[S78][S88][S100][S104][S105][S114][S124] 
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Table 7 shows nine types of relationships between assumptions and other types 
of software artifacts from the studies. 

 
Table 7. Relationships between assumptions and other types of software artifacts 

Relationship Description 

A is made for B Assumptions are made for artifacts or vice versa. 

A is based on B Assumptions are made according to artifacts or vice versa. 

A is contained in B Assumptions are part of artifacts. 

A is B per se Assumptions are artifacts per se. 

A leads to the problems in B Assumptions lead to problems in artifacts or vice versa. 

A leads to the changes in B Assumptions lead to changes in artifacts or vice versa. 

A helps to manage B Assumptions help to manage artifacts or vice versa. 

A’s failure negatively impacts B Assumptions failure negatively impacts artifacts or vice versa. 

A is related to B There is a relationship between assumptions and artifacts, but 
the relationship type is not explicitly mentioned in the study. 

 

We provide several representative examples to elaborate on the relationships 
between assumptions and software artifacts. As discussed in Section 2.2, the 
assumption concept is subjective and context dependent. However, the following 
examples aim to explain the relationships, instead of distinguishing assumptions 
from other concepts (e.g., constraints); therefore, the examples of assumptions are 
provided without their detailed context. 

(1) Requirements engineering 

In [S108], assumptions were made for requirements (i.e., A is made for B). One 
example of such assumptions is “The system will be available during normal working 
hours”. In [S89], assumptions are scattered within multiple quality attribute 
scenarios (i.e., A is contained in B). One example of such assumption is “There is a 
subsystem that is responsible for receiving emergency calls and forwarding them to an 
available Coordinator”. This assumption was defined in two quality attribute 
scenarios. In [S100], the authors mentioned that invalid assumptions might lead to 
a change in requirements, and the changes of the operational domain could be a 
reason for assumptions changes (i.e., A leads to the changes in B). 

(2) Software design 

In [S88], architectural assumptions may facilitate design decisions making (i.e., 
A helps to manage B). One example of such assumption is “There will be one separate 
subsystem for processing the incoming information updates, and that it will use a priority 
queue for the incoming data packages”. This assumption was used to reduce the 
solution space and helped architects to make architectural design decisions. In 
[S114], the authors defined assumptions as implicit design decisions (i.e., A is B per 
se) as well as the rationale and context behind these decisions (i.e., A is based on B). 
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The assumptions recovered in this study include management assumptions, 
organizational assumptions, and technical assumptions. In [S86], the authors 
pointed out that design decisions in a system are based on context assumptions 
(i.e., A is based on B). 

(3) Software construction 

In [S44], assumptions were made about the source code of API clients (i.e., A is 
made for B). One example of such assumption is “Method M should not be called by 
the API clients”. In [S93], the authors suggested identifying and describe 
assumptions as part of program specification (i.e., A is contained in B). In [S47], 
assumptions were used to model the behavior of threads (i.e., A helps to manage 
B). One example of such assumption is “If thread i holds the lock in read mode, then x 
cannot be changed by another thread”. 

(4) Software testing 

In [S105], the case study results show that “bug fixes” is an important reason for 
technical assumptions failures, and 8 out of 13 assumptions failures were caused 
by bug fixes (i.e., A leads to the problems in B). One example of such assumption is 
“Two systems do not affect each other in any way”. In [S133], assumptions were 
considered to help in finding bugs (i.e., A helps to manage B), and certain types of 
assumptions should be treated as a type of bug to be fixed. 

(5) Others 

In [S100], invalid assumptions can increase the associated risks of the system 
(i.e., A’s failure negatively impacts B), because of, for example, the reduced 
validity of the related requirements. Modeling the relationships between 
assumptions and requirements is one way to predict system risks. In [S78], both 
product models and process models could contain a set of assumptions (i.e., A is 
contained in B). One example of such assumptions is to assume the scope of the 
product. 

2.4.5 RQ4: Which activities have been proposed to 
support assumption management in software 
development? 

Twelve assumption management activities were identified and classified from 
the studies: 

Assumption Making (including Identification) is aimed at both making new 
assumptions and identifying existing assumptions in software development, and 
analyzing the properties of the assumptions (e.g., validity, pros, and cons). 

Assumption Description is used to describe assumptions in certain forms. 

Assumption Evaluation (including Satisfaction) ensures that the description 
and analysis of assumptions are correct and accurate, and checks whether the 
assumptions are satisfied by other software elements (e.g., components). 



Chapter 2 

 

 40 

Assumption Maintenance adapts assumptions to fit the context of software 
development (e.g., eliminating outdated or invalid assumptions, modifying 
conflicting assumptions, and transforming assumptions to other types of software 
artifacts). 

Assumption Tracing is used to connect assumptions to other types of software 
artifacts (e.g., requirements). 

Assumption Monitoring (including Evolution) reflects the changes of 
assumptions (e.g., the properties of assumptions) during the software 
development life cycle. 

Assumption Communication refers to sharing and discussion of assumptions, 
which can reduce misunderstandings of assumptions among different 
stakeholders. 

Assumption Reuse aims at reusing existing assumptions through adapting 
them for other contexts (e.g., other projects). 

Assumption Understanding concerns comprehending assumptions themselves 
as well as their relationships. 

Assumption Recovery relates to regaining the assumptions made in software 
development. 

Assumption Searching refers to retrieving assumptions from project resources 
(e.g., project documents and repositories). 

Assumption Organization concerns sorting and classifying the existing 
assumptions of a project. 

Table 89 presents the classification of the assumption management activities 
with their studies. Fig. 10 shows the distribution of the studies over the 
assumption management activities (see Section 2.4.5), time period, and types of 
assumptions based on software development activities (see Section 2.4.3). The 
bubbles on the left side of the chart represent the studies on specific assumption 
management activities over publication year, while the bubbles on the right side 
show the studies on certain types of assumptions over publication year. The 
numbers in each bubble denote the studies. 
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Fig. 10. Bubble chart over the assumption management activities, time period, and types of assumptions (the numbers in each bubble denote the studies, see 

Appendix A.1)
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2.4.6 RQ5: Which approaches and tools are available to 
support assumption management in software 
development? 

2.4.6.1 Approaches 

As shown in Table 90, we collected the approaches of assumption management 
and classified them according to the corresponding assumption management 
activities (see Section 2.4.5). Note that not every assumption management activity 
has been supported by certain approaches, and one approach can be used to 
support one or multiple assumption management activities. Also, we only 
classified an approach to an assumption management activity if the study 
explicitly mentioned the relationship between the approach and the activity. For 
example, Assumption Maintenance is a common step in assume-guarantee 
reasoning. However, some of the studies related to assume-guarantee reasoning 
did not explicitly mention this step (i.e., Assumption Maintenance). Therefore, 
such studies were not classified into Assumption Maintenance. Next we provide 
some approaches for each assumption management activity, as examples.  

(1) Assumption Making and Evaluation 

According to the results of the SMS, the representative approach of Assumption 
Making and Evaluation is assume-guarantee reasoning [59][60]. Considering 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 assumption, and then comes up with the results. There are 
different variants of assume-guarantee reasoning; here we provide two examples. 
In [S14], the authors pointed out that the general assume-guarantee rules are: (a) 
decomposing a system into two components M1 and M2; (b) checking that M1 
under an assumption satisfies the property; and (c) discharging the assumption on 
the context of M2. If the results are true, then the system satisfies the property. In 
[S109], the authors described the process of assume-guarantee reasoning as: (a) 
making an assumption of the context of the component, which characterizes the 
expected behavior of the component; (b) constructing the environment of the 
component based on the assumption; and (c) checking the system to evaluate if the 
component satisfies its behavior specification based on the assumption with no 
errors. 

(2) Assumption Description 

There are numerous types of Assumption Description approaches, such as using 
documents (e.g., Model Sequence Diagrams specifications), languages (e.g., a 
property-based language), frameworks and models (e.g., with templates), graphs, 



Assumptions and their Management in Software Development: A Systematic Mapping Study 

 

 43 

interfaces, contracts, personas, arguments, and analogy. In [S84], the authors 
integrated Assumption Description as part of a component template, including 
components assumptions and interfaces assumptions. In [S97], the authors used 
Semantic Web Rule Language to express assumptions. In [S36], the authors 
proposed an Assumption Description approach for constructing documents using 
natural language, showing how assumptions and requirements are related, and 
which assumptions are unused. 

(3) Assumption Maintenance 

In some assume-guarantee reasoning approaches (e.g., [S14][S29][S81]), there is 
a step to refine the unsatisfied assumptions after Assumption Evaluation. In [S97], 
the authors proposed a framework, which can be used to maintain assumptions 
(e.g., modifying the outdated assumptions). In [S10], the authors developed a 
procedure, which is composed of four steps to maintain assumptions in the context 
of component interfaces adaption. 

(4) Assumption Tracing 

Most of the approaches (4 out of 5, 80%) related to Assumption Tracing support 
the tracing between assumptions and requirements. In [S36], the authors traced 
assumptions to requirements and source code, and the proposed approach can 
show which requirements can be related to assumptions. In [S60], the authors also 
traced assumptions to requirements. Specifically, they focused on the relationships 
between trust assumptions and security requirements. In [S96], the authors 
proposed to use a goal model to trace assumptions to requirements. The goal 
model is composed of three parts: the goals, the domain assumptions, and the 
relationships between them. 

(5) Assumption Monitoring 

In [S4], the authors proposed an approach to monitor assumptions (e.g., the 
evolution of assumptions) in a requirement model at runtime, and they used goals 
and goal models in their approach. They defined requirements monitoring as 
“keeping track of the execution of each software variants and the impact it has on 
requirements”. In [S104], the authors discussed the usefulness of monitoring 
assumptions (e.g., Assumption Monitoring can be used to evaluate assumptions at 
runtime). They embedded Assumption Monitoring as part of their proposed 
approach. For example, the approach can generate logs of the system through 
Assumption Monitoring. 

(6) Assumption Recovery 

For Assumption Recovery, the approach proposed in [S114] employed five 
sources: free interviews, financial reports, documentation, version control, and 
source code to detect suspicious effects, and then identifying assumptions through 
guided interviews. 
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2.4.6.2 Tools 

34 tools were collected from the studies, and over half of the tools (19 out of 34, 
55.9%) were used to support assume-guarantee reasoning. We classified the tools 
into two types (i.e., “Assume-guarantee reasoning” and “Others”) as listed in Table 8 
and Table 9 respectively. The results shown in the “URL”, “Developer”, and “Open 
source” columns were not collected from the primary studies but from the Internet. 
“Not mentioned” in Table 8 and Table 9 means that we could not find evidence 
regarding, for example, whether a tool is open source or not. 

(1) Assume-guarantee reasoning 

The tools of this type were used for assume-guarantee reasoning in software 
development. For example, in [S110], the authors implemented LTSA (Labelled 
Transition System Analyzer), which supports their proposed assume-guarantee 
reasoning approach (e.g., the assumptions learning framework). 

(2) Others 

The tools of this type can be used to support specific assumption management 
activities in software development. In [S122], the AREL tool was developed to 
support design rationale identification and tracing to other elements, including 
design decisions, assumptions, and constraints. In [S7], the OCRA tool was mainly 
used for component-based design, but can also support Assumption Description. 
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Table 8. Tools for assume-guarantee reasoning 

Tool URL Developer Open source Studies 

LTSA (Labelled Transition System Analyzer) http://www.doc.ic.ac.uk/ltsa/ Academia Not 
mentioned 

[S29][S41][S53] 
[S71][S72][S95] 
[S110] 

NuSMV model checker http://nusmv.fbk.eu/ Academia Yes [S22][S26][S77] 

Java PathFinder http://javapathfinder.sourceforge.net/ Industry Yes [S55][S109] 

SPIN model checker http://spinroot.com/spin/whatispin.html Academia Yes [S35] 

AG tool  Not mentioned Academia Not 
mentioned 

[S71] 

AR tool Not mentioned Academia Not 
mentioned 

[S71] 

SpaceEx (a symbolic hybrid model checker) http://spaceex.imag.fr/ Academia Yes [S15] 

BEG (Bandera Environment Generator) 

New name: Open Components and Systems 
Environment Generator (OCSEGen) 

https://forge.cis.ksu.edu/projects/beg/ 

https://code.google.com/archive/p/envgen/ 

Academia Yes [S124] 

BPC Checker (Behavior Protocol Model 
Checker) 

Not mentioned Not 
mentioned 

Not 
mentioned 

[S109] 

EnvGen (Environment Generator for Java 
PathFinder) 

Not mentioned Academia Yes [S109] 

SPARK (a prototype tool in Python) http://www.altran.co.uk/ Industry Not 
mentioned 

[S76] 

SGM (State-Graph Manipulators) https://www.cs.ccu.edu.tw/~pahsiung/sgm/ 

http://embedded.cs.ccu.edu.tw/~esl_web/Pr
oject/Ch/SGM/ 

Academia Not 
mentioned 

[S70] 

SafetyADD http://vedder.se/SP/SafetyAddDraft.pdf Academia Not 
mentioned 

[S126] 
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LUTE checker Not mentioned Not 
mentioned 

Not 
mentioned 

[S30] 

AGREE Not mentioned Not 
mentioned 

Not 
mentioned 

[S30] 

KIND model checker http://clc.cs.uiowa.edu/Kind/ Both Yes [S30] 

An automatic checking tool Not mentioned Academia Not 
mentioned 

[S47] 

Cadence SMV http://www.kenmcmil.com/smv.html Academia Yes [S58] 

SAT solver Not mentioned Industry Not 
mentioned 

[S58] 

 

 
Table 9. Other tools for assumption management 

Tool Assumption 
management 
activities 

URL Developer Open source Studies 

Alloy analyzer AD, AE http://alloy.mit.edu/alloy/ Academia Not 
mentioned 

[S67][S101][S116] 

OCRA (Othello Contracts 
Refinement Analysis) 

AD https://es-
static.fbk.eu/tools/ocra/ 

Academia Not 
mentioned 

[S7][S25] 

A prototype tool AM, AD http://people.cs.kuleuven.be/~
dimitri.vanlanduyt/eaa/ 

Academia Yes [S90] 

Drools (a Business Rules 
Management System) 

AM, AD, AE https://www.drools.org/ Industry Yes [S51] 

PicoSAT (an SAT solver) AM, AD, AE http://fmv.jku.at/picosat/ Academia Yes [S51] 

Microsoft threat modeling tool AD https://www.microsoft.com/e
n-
us/download/details.aspx?id=4
9168 

Industry Not 
mentioned 

[S119] 
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Redhat’s RPM AD https://www.redhat.com/en Industry Yes [S119] 

Debian’s APT AD https://www.debian.org/index
.en.html 

Industry Yes [S119] 

XML-based engine (a tool with an 
XML back-end) 

AD, AE Not mentioned Academia Not 
mentioned 

[S123] 

PAT (Process Analysis Toolset) AD, AE Not mentioned Not mentioned Not 
mentioned 

[S120] 

SCENARIOTOOLS (an Eclipse-
based tool) 

AD http://scenariotools.org/ Academia Yes [S16] 

GASR (General-purpose Aspectual 
Source Code Reasoner) 

AE https://github.com/cderoove/
damp.ekeko.aspectj 

Academia Yes [S42] 

AREL (Architecture Rationale and 
Elements Linkage) 

AT http://www.ict.swin.edu.au/p
ersonal/atang/AREL-Tool.zip 

Academia Not 
mentioned 

[S122] 

MAVEN (Modular Aspect 
Verification) 

AD, AE Not mentioned Academia Not 
mentioned 

[S57] 

CAIRIS (Computer Aided 
Integration of Requirements and 
Information Security) 

Not mentioned https://github.com/failys/CAI
RIS 

Academia Yes [S43] 
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2.4.7 RQ6: Which stakeholders are involved in 
assumption management in software development? 

As shown in Table 10, we collected stakeholders from the studies and classified 
them according to the software development activities. The reason for choosing 
software development activities as well as SWEBOK to classify the stakeholders is 
the same to the reason for the classification of assumptions, which has been 
explained in Section 2.4.3. 

Besides relating the identified stakeholders to assumption management 
activities, there are four other types of involvement between stakeholders and 
assumption management. 

(1) Stakeholders impact or are impacted by assumption management  

In [S3], if the information used by requirements engineers is not confirmed with 
customers, the requirements engineers have to make assumptions. These 
assumptions can lead to many problems such as rework and project failures. In 
[S122], architects would have trouble in architecture evaluation and maintenance, 
if assumptions were implicit. 

(2) Stakeholders use assumptions for specific activities in software 
development 

In [S4], designers evaluate assumptions and use the identified invalid 
assumptions to revise the related requirements models. In [S55], since the actual 
environment of the system is unknown during system verification, developers 
have to use environment assumptions to describe system properties. 

(3) The content of assumptions is related to stakeholders 

In [S46], the authors pointed out that some assumptions were about the profiles 
of users. In [S78], the authors mentioned that some assumptions are about user 
behaviors. 

(4) General relationships between assumptions and stakeholders 

In [S101], the authors argued that there was a need for user involvement in 
managing assumptions. In [S105], the authors described that developers need to be 
careful about the assumptions made outside their working context. 
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Table 10. Stakeholders involved in assumption management 

Software 
development 
activity 

Stakeholder Assumption management activities Studies 

Requirements 
engineering 

Customer, Client, User, System 
administrator 

Assumption Making, Description, 
Evaluation, Maintenance, 
Communication, Understanding 

[S2][S3][S17][S38][S43][S46][S78][S79][S80] 
[S91][S92][S93][S96][S97][S99][S100][S101] 
[S104][S105][S113][S119][S129][S132] 

Requirements engineer Assumption Making, Description, 
Evaluation, Communication, 
Understanding 

[S3][S4][S32][S48][S60][S61][S62][S63][S67] 
[S79][S88][S89][S90][S91][S104][S112][S116] 
[S121][S127] 

Domain expert Assumption Making, Evaluation, 
Communication 

[S61][S101][S115][S116] 

Software design Designer Assumption Making, Description, 
Evaluation, Maintenance, Monitoring, 
Communication, Understanding 

[S4][S5][S7][S12][S18][S23][S24][S34][S59][S68] 
[S86][S96][S104][S116] 

Architect, Modeler, Component 
designer, Component user, Design 
decision maker 

Assumption Making, Description, 
Evaluation, Maintenance, Tracing, 
Communication, Recovery, 
Understanding 

[S35][S59][S67][S75][S88][S89][S90][S91][S99] 
[S114][S121][S122][S124][S132] 

Software 
construction 

Developer, Programmer Assumption Making, Description, 
Evaluation, Tracing, Communication, 
Recovery, Organization 

[S2][S6][S12][S39][S40][S47][S50][S53][S54] 
[S55][S74][S77][S78][S86][S100][S105][S107] 
[S112][S113][S114][S116][S119][S124][S127] 
[S129]  

API developer, API user, 
Component developer, Aspect 
developer, Library user, System 
integrator, Implementation 
consultant 

Assumption Making, Description, 
Evaluation, Maintenance 

[S17][S44][S93][S123][S132][S133] 

Software 
maintenance and 

Maintainer Assumption Making [S78][S86] 
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evolution 

Others Project manager, Deployment 
manager 

Assumption Making [S78][S114][S132] 

Technical stakeholder, Technical 
expert 

Assumption Making, Evaluation [S76][S88][S91] 
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2.4.8 RQ7: What are the benefits and challenges of 
assumption management in software development? 

The benefits were classified into “Benefits for software development activities” and 
“Other benefits” as presented in Section 2.4.8.1 and 2.4.8.2 respectively. 

2.4.8.1 Benefits for software development activities 

As shown in Table 11, we further classified “Benefits for software development 
activities” into “Requirements engineering”, “Software design”, “Software construction”, 
“Software testing”, and “Software maintenance and evolution” according to SWEBOK 
[3] (see Appendix A.2). 

2.4.8.2 Other benefits 

As shown in Table 12, we further derived various types of “Other benefits” that 
are not related to specific software development activities. 
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Table 11. Benefits of assumption management related to software development activities 

Software 
development 
activity 

Benefits Studies 

Requirements 
engineering 

(1) Explicating tacit knowledge of users through tracing assumptions to their source, (2) explicating the claims 
that the assumptions represent and helping requirements analysis, description, and verification through 
formally modeling assumptions, requirements, and behaviors of system, (3) helping to assess the quality and 
completeness of requirements specifications, (4) helping to understand the perceptions of requirements 
engineers, (5) saving time in requirements engineering, (6) helping consistency management in requirements 
engineering, (7) reducing the problem space, (8) enabling the derivation and exploration of interrelations 
between different requirements, (9) helping to identify requirements, (10) being aware of requirements gaps, 
and (11) helping to build prototypes. 

[S2][S3][S5][S16][S18]
[S32][S38][S43][S59] 
[S74][S85][S88][S89] 
[S96][S113][S115] 
[S121] 

Software 
design 

(1) Supporting service composition through using service assumptions, (2) helping to understand architecture 
design through relating and reasoning requirements, assumptions, constraints, and design decisions, (3) 
helping aspect design and reuse, (4) helping to identify architectural interaction points, (5) improving the 
effectiveness of conducting architecting activities, (6) easing the transition from requirements engineering to 
architectural design, (7) reducing the effort required for handling models, (8) supporting architectural 
knowledge management, (9) allowing reasoning with incomplete information in software design, and (10) 
improving the quality of models and architecture. 

[S5][S19][S34][S35] 
[S53][S59][S70][S77] 
[S83][S85][S89][S94] 
[S96][S97][S109] 
[S110][S114][S119] 
[S122][S123][S127] 
[S130][S132][S133] 

Software 
construction 

(1) Allowing for checking that safety properties are preserved through design-level assumptions, (2) 
improving the quality of source code, (3) helping in understanding, evaluating, and constructing source code; 
ensuring information-flow security through using assumptions at thread level. 

[S1][S19][S53][S54] 
[S55][S86][S87][S111] 
[S133] 

Software 
testing 

(1) Helping to reduce testing time through using assume-guarantee properties in component testing, and (2) 
bugs identification and fixing. 

[S11][S13][S54][S123] 
[S133] 

Software 
maintenance 
and evolution 

(1) Effectively rechecking component-based systems based on components evolution through using the 
generated minimized assumptions, (2) helping discussions about the further evolution of the system, (3) 
improving knowledge transfer to support software maintenance and evolution, (4) making software evolution 
reliable, (5) making software maintenance simple, (6) assisting evolution release planning, (7) helping to 
detect, reduce, and fix, for instance, system failures/errors, end-product defects, system-level violations, and 
vulnerabilities through for example, making assumptions explicit, (8) providing warnings about application 
and system mismatches, and (9) reducing the risks of, for example, system failures. 

[S5][S13][S34][S35] 
[S45][S54][S61][S62] 
[S71][S72][S84][S85] 
[S86][S87][S92][S93] 
[S104][S111][S116] 
[S123][S114][S115] 
[S133] 
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Table 12. Other benefits of assumption management in software development 

Benefit type Benefits Studies 

System 
verification 

(1) Facilitating verification of software systems, including modular verification, component verification, and 
program verification, through, for example, providing automatic modular verification based on assume-
guarantee reasoning, (2) helping effective model checking of open systems and synthesis, and (3) enhancing 
the efficiency of model checking (e.g., performance) of source code. 

[S14][S20][S21] 
[S35][S38][S41] 
[S47][S55][S65] 
[S70][S72][S76] 
[S83][S110][S120] 

Cost (1) Reducing computational cost for modular verification in component-based systems through using 
assume-guarantee techniques, and cost of the maintenance of the design through prototyping assumptions 
with requirements, (2) helping to assess the cost of changing the system, (3) saving money, and (4) avoiding 
costly mistakes. 

[S5][S34][S35][S54] 
[S56][S63][S71] 
[S72][S92][S114] 
[S115]  

Traceability (1) Improving the traceability through tracing assumptions to software artifacts, and (2) helping to trace 
assumptions to design and implementation, and vice versa. 

[S36][S45][S54] 
[S85][S105][S111] 
[S116][S122][S127] 

Software 
development 

(1) Improving API development (e.g., automatically checking whether the usage of an API is well-behaved) 
through expressing assumptions as syntactic constraints, (2) improving embedded system development 
(e.g., helping modeling and analysis) through using a model based assume-guarantee principles, (3) 
improving multithreaded programs development (e.g., helping to model the behaviors of threads) through 
using assumptions and guarantees, (4) complementing agile development, (5) providing guidance for 
development process, (6) helping to design new software processes, (7) making software development and 
the usage of software reliable, (8) smoothening the transition between successive development iterations in 
iterative development, and (9) reducing the effort of software development. 

[S6][S44][S47][S65] 
[S80][S91][S92] 
[S105] 

Inconsistency 
management 

(1) Detecting mismatches between requirements and design decisions through using derivational analogy, 
(2) minimizing the risk that assumptions are incompatible with the specifications that are embedded in the 
assignment. 

[S19][S36][S59] 
[S75][S93][S97] 
[S115] 

Stakeholder (1) Helping users and designers to have a clear and consistent understanding on the software through using 
the structure and goal models that trace assumptions to requirements, (2) helping software teams to think 
more carefully not only about the application’s design but also how assumptions are manifested in software 
architectures, testing plans, and triage processes, (3) helping stakeholders to set more realistic expectations, 
(4) helping stakeholders to understand the modeling activities and the system, (5) giving stakeholders more 

[S38][S40][S80] 
[S85][S96][S99] 
[S133] 
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structure to the way of thinking and argumentation, and (6) gaining knowledge in the early phase of the 
development through integrating and executing the software models with assumptions in a virtual 
environment. 

Software quality (1) Improving software quality through, for example, making different types of assumptions of components 
explicit and making conscious decisions about the system’s inflexibility with respect to those assumed 
invariabilities, (2) improving system’s safety and reliability, and (3) enabling web services applications to be 
more flexible and intelligent. 

[S75][S85][S92] 
[S97][S100][S123] 

Miscellaneous (1) Helping to identify runtime alternatives for security control specifications that are more effective, (2) 
helping the satisfaction of security requirements, (3) using non-determinism in Assumption Description can 
facilitate system configuration through allowing analyzing the configuration-independent properties 
without enumerating the combinations of configuration settings, (4) helping runtime monitoring and 
component retrieval through generating the weakest environment assumptions, (5) improving the 
description of system (e.g., system behaviors) through, for instance, using an extension of the play-out 
algorithm with environment assumptions, (6) making it easier to reproduce problematic behaviors through 
checking components in isolation using assume-guarantee properties in component testing, (7) reducing the 
risks in projects (e.g., managing the risks of invalid assumptions through the partial automation process and 
analyzing risks through using assumptions as an explicit target), (8) helping bridge the gap between a 
system and its operational environment, (9) reducing unexpected or strange behavior in execution, 
increasing the confidence in system operation, and improving consistency management in execution 

[S5][S16][S53][S54] 
[S60][S67][S76] 
[S93][S97][S99] 
[S104][S124] 



Assumptions and their Management in Software Development: A Systematic Mapping Study 

 

 55 

 

2.4.8.3 Challenges 

The challenges of assumption management in software development were 
classified into two types, i.e., “Assumption” (as an artifact) and “Assumption 
management” (as an activity) with twelve subtypes as presented in Table 13. 
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Table 13. Challenges of assumption management in software development 

Challenge type Challenge subtype Description Studies 

Assumption  Distinguishing 
assumptions from other 
artifacts 

It is difficult to distinguish assumptions from other types of 
software artifacts (e.g., requirements). 

[S88][S90][S114][S122] 

Assumptions classification It is difficult to classify assumptions in software development. [S11][S85][S99] 

Software failures and 
invalid assumptions 

It is difficult to analyze which software failures are caused by 
invalid assumptions. 

[S92] 

Gap between the expected 
and real world 

Assumptions in the expected world may not be present in the 
real world. 

[S18] 

Assumption 
management 

Assumption management 
activity 

It is difficult to conduct the assumption management 
activities, because of, for example, the required effort, 
incomplete information, or the lack of approaches, tools with 
guidelines to support the assumption management activities. 

[S6][S8][S9][S19][S24][S34][S35] 
[S36][S37][S38][S39][S40][S43][S44]
[S45][S60][S61][S66][S67][S68][S75]
[S76][S82][S84][S85][S86][S88][S89]
[S90][S91][S92][S99][S100][S104] 
[S105][S109][S113][S114][S115] 
[S118][S119][S122][S123][S125] 
[S129][S130][S132][S133] 

Assumptions explosion It is difficult to manage a large number of assumptions or 
assumptions with many states in the context of assume-
guarantee reasoning. 

[S85][S100][S102][S103][S105] 
[S123][S134] 

Awareness Stakeholders are not aware of the assumptions made in their 
work. 

[S2][S92][S105][S119][S133] 

Experience and knowledge Stakeholders do not have the required experience and 
knowledge for assumption management in software 
development, including the unfamiliarity of the assumption 
term and concept. 

[S43][S114][S131] 

Integration in software 
development 

It is difficult to integrate assumption management with 
software development activities or the whole software 
development process. 

[S85][S91][S105] 



Assumptions and their Management in Software Development: A Systematic Mapping Study 

 

 57 

Lack of evidence of the 
benefits 

There is a lack of evidence for the benefits of assumption 
management in software development. 

[S105] 

Short-term benefits Assumption management does not have short-term benefits. [S100] 
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2.4.9 RQ8: What are the consequences when assumptions 
are not well managed in software development? 

We classified the consequences when assumptions are not well managed into 
five types (i.e., “Invalid assumption”, “Implicit assumption”, “Inconsistent assumption”, 
“Badly modularized assumption”, and “Others”) with twenty-six subtypes as 
presented in Table 14. “Invalid assumption” includes invalid assumptions, violated 
assumptions, and failed assumptions. 
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Table 14. Consequences when assumptions are not well managed in software development 

Consequence type Consequence subtype Studies 

Invalid assumption System issues (e.g., system vulnerability, system failures/errors, and integration defects) [S6][S11][S34][S38][S39] 
[S40][S78][S86][S87][S93] 
[S100][S104][S116][S123] 

Negative impacts on requirements (e.g., meaningless results from requirements analysis, obstacles 
to the security requirements, unable to meet the requirements, system quality problems, reducing 
the validity of the requirements, violation of requirements, and requirements risks) 

[S34][S38][S46][S67][S93] 
[S100][S104][S108] 

Undesirable consequence (e.g., unwanted variations in product family, unwanted side-effects of 
defects, unsatisfied execution, and unpredictable and/or unacceptable 
program/system/environment behavior) 

[S38][S40][S44][S84][S92] 
[S93][S104] 

Increased cost (e.g., increased maintenance cost and extra resources and rework) [S24][S44][S93]  

Business problems (e.g., customer dissatisfaction, loss of market share and reputation, and 
increased cost of business operations) 

[S93][S100] 

Increased mismatch with the context of software operation [S93]  

Increased possibility of bugs [S44] 

Misunderstandings between API clients and providers [S44] 

Implicit assumption System issues (e.g., system vulnerability, system failures/errors, runtime errors, and validity 
problems) 

[S2][S3][S6][S11][S78][S84] 
[S86][S87][S105][S116] 
[S119][S123][S133] 

Negative impacts to requirements (e.g., violating the requirements, false requirements, unable to 
meet the requirements, incomplete and not understandable requirements, requirements risks, 
increased uncertainty of requirements, and system quality problems) 

[S2][S3][S16][S32][S40][S60]
[S89][S92][S121][S132] 
[S133] 

Design-related problems (e.g., design violations, component composition problems, inflexible 
architecture, decreased evolvability, variability, and reusability of architecture solutions, 
architectural misunderstanding, and risks in architecting) 

[S85][S88][S89][S90][S114] 
[S119][S122][S132] 

Increased cost (e.g., the change turns out to be very costly, the next release takes too much time, 
rework, expensive maintenance, the costs for fixing the issues caused by implicit assumptions) 

[S2][S3][S40][S85][S89][S90]
[S114] 
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Inconsistency problems (e.g., conflicting assumptions that lead to system mismatch) [S32][S84][S90][S114]  

Hindering software evolution (e.g., not being aware of the changes during evolution) [S85][S114] 

Undesirable consequence (e.g., unexpected environment behavior) [S38] 

Traceability problems (e.g., loss of traces) [S114] 

Project delay [S132] 

Inconsistent 
assumption 

Architectural mismatch (e.g., mismatch between components and mismatch between models) [S49][S78] 

System issues (e.g., system failures and integration defects) [S123] 

Project risks [S78] 

Interoperability conflicts between components [S12] 

Budget and schedule overruns [S12] 

Badly modularized 
assumption 

Hindering architecture change impact analysis and trade-off analysis [S90] 

Increased cost (e.g., effort for understanding and analyzing requirements) [S90] 

Others  Design-related problems (e.g., expensive reconstruction of design rationale, unclear design criteria 
and environmental factors that impact the architecture, violating design integrity, and 
misunderstandings of design decisions) 

[S122] 

Negative impacts to requirements (e.g., ignoring business goals and constraints, and inappropriate 
change impact analysis on requirements and environmental factors) 

[S122] 
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2.4.10 RQ9: What are the lessons learned from 
assumption management in software development? 

Normally a lesson learned can be presented in one sentence, several sentences, 
or several paragraphs, and there are more than 400 lessons learned identified from 
the studies. Therefore, we did not list all the lessons learned in this chapter due to 
the space limitation, but made them available online [61]. We further classified 
them into three types as the following: 

(1) Impact of assumptions 

This type refers to the lessons learned concerning how assumptions impact 
software development, such as software artifacts, software qualities, resources, and 
development activities. 

(2) Suggestion for assumption management 

This type covers the suggestions and guidelines proposed in the studies about 
assumption management in software development (i.e., how to manage 
assumptions), such as assumptions classification, assumption management and 
agile development, assumptions awareness, and assumption management 
activities. 

(3) Understanding of assumptions 

This type collects the lessons learned about the understanding of assumptions in 
software development from the studies, such as the role of assumptions and 
characteristics of assumptions in software development. 

Table 15 shows the studies of the three types as well as the representative 
examples of each type. 

 
Table 15. Lessons learned of assumption management in software development 

Lessons learned 
type 

Description Studies 

Impact of 
assumptions 

Three examples: 
Assumptions are part of the program 
properties and assumption failures impact 
program behavior in an unexpected fashion 
[S93]. 
The authors learned that design decisions are 
based on the assumed environmental 
characteristics (i.e., assumptions) [S86]. 
A requirement model contains assumptions, 
and these assumptions are the driver for 
requirement evolution [S4]. 

[S4][S5][S6][S16][S17][S18][S31]
[S32][S34][S35][S38][S39][S40] 
[S43][S50][S59][S60][S61][S63] 
[S75][S78][S80][S82][S85][S86] 
[S88][S89][S90][S91][S92][S93] 
[S94][S96][S99][S100][S104] 
[S105][S106][S111][S114][S115] 
[S116][S118][S120][S122][S133] 

Suggestion for 
assumption 
management 

Three examples: 
Based on the results of their case study, the 
authors concluded that the assumptions 
considered to be more stable by stakeholders 

[S2][S3][S4][S5][S6][S7][S8][S9] 
[S11][S15][S16][S19][S20][S24] 
[S26][S28][S29][S31][S33][S34] 
[S35][S36][S38][S39][S40][S41] 
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2.5 Discussion 
The studies are distributed over 94 publication venues. This indicates that 

assumptions and their management have been a widespread topic in software 
engineering. Interestingly, the top two venues listed in Table 87 include only six 
and five selected studies respectively, and there are no venues that specifically 
publish studies on assumptions and their management in software development. 
This section presents analysis of the results (see Section 2.5.1), a comparison 
between automatic and manual assumption management (see Section 2.5.2), and 
discusses implications for researchers (see Section 2.5.3) and practitioners (see 
Section 2.5.4). 

2.5.1 Analysis of results 
(1) Definitions of assumption 

As shown in Table 5, only twenty-one studies (out of 134, 15.7%) explicitly 
defined the assumption concept. One potential reason for this result is that the 
word “assumption” is general and frequently used in software development; thus 
the concept and the term “assumption” may be expected as common knowledge 
[7][47]. Comparing the twelve definitions from Table 5 (as shown in Table 16), 
most of them (5 out of 12, 41.7%) do not define the word “assumption”. Instead they 
directly use the word “assumption” in their definitions, and focus on what exactly 
assumptions concern. For example, in [S98], the authors limit the scope of context 
assumption as “the laws of the physical world and the behavior of other systems”. Four 
definitions (out of 12, 33.3%) explicitly mention that the essence of an assumption 
is “uncertainty”, which is consistent with the discussion in Section 2.2. 

can have a more significant impact when they 
turn to be invalid than those assumptions 
regarded less stable [S105]. 
When constructing an interface, it is necessary 
to make sure that there exists at least one 
environment that satisfies its input 
assumptions [S33]. 
The ability to model environment assumptions 
(e.g., the assumptions made for physical 
environment of the system) is crucial [S16].  

[S42][S43][S46][S49][S53][S54] 
[S55][S59][S60][S61][S62][S63] 
[S65][S67][S68][S71][S72][S73] 
[S74][S75][S76][S78][S79][S80] 
[S84][S85][S86][S88][S89][S90] 
[S91][S92][S93][S94][S95][S97] 
[S99][S100][S101][S102][S103] 
[S104][S105][S108][S109][S111] 
[S113][S114][S115][S116][S117] 
[S118][S119][S121][S122][S124] 
[S126][S127][S129][S132][S133] 

Understanding of 
assumptions 

Three examples: 
Implicit assumptions are cross-cutting, because 
their impacts can be diffuse [S85]. 
Assumptions made about the environment of 
system operation can become invalid during 
system operation [S104]. 
Different stakeholders may have different 
assumptions, and these assumptions can be 
either consistent or inconsistent [S78]. 

[S2][S3][S4][S5][S8][S12][S13] 
[S18][S24][S26][S32][S34][S39] 
[S40][S44][S45][S46][S48][S60] 
[S63][S67][S68][S74][S75][S78] 
[S85][S86][S88][S89][S90][S91] 
[S92][S93][S97][S98][S100] 
[S104][S105][S106][S114][S115] 
[S120][S132][S133] 
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Table 16. Number of the definitions of assumption over core concepts 

Core concept Number of definitions (%) 

Assumption regarding a specific context  5 (41.7%) 

Uncertainty 4 (33.3%) 

Trusted choices, statements, and opinions 1 (8.3%) 

Implicit design decisions and the rationale 1 (8.3%) 

Invariabilities 1 (8.3%) 

 
(2) Types of assumptions and related software artifacts 

As shown in Table 6 and Table 88, the majority of assumptions in software 
development are made or related to the artifacts in requirements engineering (76 
out of 134, 56.7%) and software design (104 out of 134, 77.6%). There are two 
potential reasons: (a) Assumption mainly emerge in the early phases of software 
development (e.g., requirements engineering), due to the lack of information, 
knowledge, and evidence in those phases. (b) The usage of the terms in various 
phases could be different. For example, developers may use a different term when 
talking about assumptions in later development phases.  

Though one type of artifacts can be involved in one or several software 
development activities, in this SMS, only the primary activity was considered in 
which the type of artifacts are created and managed (e.g., requirements in 
requirements engineering). As a result, no artifacts are related to assumptions in 
software maintenance and evolution as presented in Table 6, and consequently, 
this could be another reason why there are not many studies being classified as 
software maintenance and evolution in Table 88 (types of assumptions related to 
software development activities). 

Furthermore, according to Table 6 and Table 7, assumptions and certain type of 
software artifacts are interweaved in software development and are characterized 
by complex relationships (e.g., the relationships between an assumption and 
another type of artifact can be zero, one, or multiple, as well as unidirectional or bi-
directional, see Chapter 3). Examples and further discussion can be found in 
Section 2.4.3 and Section 2.5.3 respectively. 
(3) Assumption management activities, approaches, and tools 

As shown in Table 89, there are twelve assumption management activities 
identified from the studies, but most effort has been put on Assumption Making 
(108 out of 134, 80.6%), Description (89 out of 134, 66.4%), and Evaluation (83 out 
of 134, 61.9%). Assumption Maintenance (30 out of 134, 22.4%) received moderate 
attention. Other assumption management activities were mentioned in less than 
15.0% of the studies. One reason may be that Assumption Making, Description, 
Evaluation, and Maintenance were considered as primary assumption 
management activities in software development; if assumption management is 
undertaken, these primary activities are most likely to take place. In contrast, other 
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activities were treated as activities of secondary significance (e.g., are not likely to 
happen). We provide further argumentation about the value of the four primary 
assumption management activities in Table 17. 

 
Table 17. Rationale of the primary assumption management activities 

Activity Rationale 

Making Assumption Making is the first step of assumption management, since no 
assumption can exist without making it. 

Description Despite being an important type of software development knowledge, 
assumptions are usually kept undocumented in projects; this is one of the most 
critical problems in software development, and leads to a multitude of issues (see 
Section 2.4.9). Therefore, documenting assumptions in an explicit way is of 
paramount significance in software development. 

Evaluation Assumptions may be invalid in the first place (see Section 2.2). However, this 
invalidity may be undetected. Moreover, assumptions have a dynamic nature, 
referring to that assumptions can evolve over time (see Section 2.2). Finally, 
assumptions are context dependent, i.e., they can be different depending on the 
context (e.g., project context) (see Section 2.2). As invalid assumptions could be 
rather harmful (e.g., leading to architectural mismatch) in projects (see Section 
2.4.9), Assumption Evaluation is a necessary step to identify such invalid 
assumptions.  

Maintenance As mentioned in Section 2.2, assumptions have a dynamic nature and they are 
context dependent, which can lead to a number of invalid assumptions in 
projects, and further cause a multitude of issues, such as architectural mismatch. 
This motivates the need of Assumption Maintenance. For example, when the 
context changes, an assumption may need to be adapted in order to fit the new 
context.  

 

For assumption management approaches, the situation is similar to assumption 
management activities, as the top four types are Assumption Making, Description, 
Evaluation, and Maintenance approaches (see Table 90). On the contrary, there are 
only a few approaches related to Assumption Tracing (5 out of 134, 3.7%), 
Monitoring (3 out of 134, 2.2%), and Recovery (1 out of 134, 0.7%), and there are no 
approaches that specifically support Assumption Communication, Reuse, 
Understanding, Searching, and Organization. Similarly as before, this could be 
attributed to not considering these activities as primary activities for assumption 
management in software development. 

As shown in Table 8, most of the tools (19 out of 34, 55.9%) identified from the 
studies were used to support assume-guarantee reasoning. One reason is that 
many proposed approaches from the studies are related to assume-guarantee 
reasoning. Moreover, as shown in Table 9, concerning the other tools (15 out of 34, 
44.1%), most of them can be used to support Assumption Description (12 out of 15, 
80.0%). This is an intuitive result since stakeholders cannot manage assumptions, if 
they are not explicitly described. 
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Furthermore, the approaches and tools are related to their context of use. For 
example, assume-guarantee reasoning is a powerful approach for system 
verification, including verification of components, source code, threads, and 
models, and can support assumptions activities, such as Assumption Making, 
Description, and Evaluation. However, in other contexts of software development 
(e.g., requirements analysis and design decisions making), assume-guarantee 
reasoning may not be suitable. Such context of use is an important factor for 
adopting the approaches and tools in practice. 
(4) Stakeholders 

Table 10 shows the stakeholders involved in assumption management activities 
according to the software development activities. An interesting result is that all 
the identified types of stakeholders are involved in Assumption Making in their 
work, followed by Evaluation and Description. Stakeholders in requirements 
engineering (e.g., requirements engineer), software design (e.g., designer), and 
software construction (e.g., developer) play a central role in assumption 
management. On the contrary, there are no studies that explicitly mention which 
stakeholders should be involved in Assumption Reuse, Searching, and 
Organization.  
(5) Benefits and challenges 

The benefits of assumption management were classified into thirteen types (see 
Table 11 and Table 12). Notably, these benefits may not come for free, because they 
depend on various conditions (e.g., using specific assumption management 
approaches, activities, or tools), or may raise certain challenges in assumption 
management. For example, documenting assumptions can make assumptions 
explicit which alleviates the problems caused by implicit assumptions in software 
development. However, this may raise the challenge of how to document 
assumptions in a cost-efficient way: stakeholders may need to spend much effort 
on Assumption Description, but the documents of assumptions may be 
unnecessary and useless in projects. Therefore, trade-offs between getting the 
benefits of managing assumptions and dealing with the related challenges need to 
be considered. 

Table 13 shows the classification of the challenges of assumption management 
in software development. The major challenge identified from the studies is the 
difficulty of performing assumption management activities in software 
development. The reasons are that these activities required non-trivial effort, they 
were conducted with incomplete information, and there was a lack of supporting 
approaches and tools with guidelines for the assumption management activities. 
(6) Not well-managed assumptions 

Table 14 shows the classification of the consequences when assumptions are not 
well managed. Most of the negative consequences are caused by invalid or implicit 
assumptions. One reason is that assumptions exist in different phases of software 
development, interact with various software artifacts, and are related to many 
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stakeholders. If assumptions are invalid or implicit, certain aspects of the project 
can be negatively impacted. This result also supports the significance of 
assumptions in software development, and that making assumptions explicit and 
reducing the number of invalid assumptions are critical to mitigating the negative 
consequences. 
(7) Lessons learned 

We classified the lessons learned into three types, and provided three examples 
for each type as shown in Table 15. Similar to the approaches and tools, the lessons 
learned also rely heavily on their context of use. Taking one of these lessons 
learned and adopting it as-is in a different context may not be an optimal fit but 
instead may cause significant problems in assumption management. For example, 
in [S104], the authors learnt that assumptions made about the operating 
environment may become invalid during system operation; the context of this 
lesson learned is the operating environment. However, other types of assumptions, 
such as assumptions about components, may not become invalid during system 
operation. 

2.5.2 Comparison of automatic and manual assumption 
management 

As discussed in Point (4) of Section 2.2, there is a significant difference 
regarding automatic (AAM) and manual (MAM) assumption management. In this 
section, we compare and discuss AAM and MAM regarding thirteen different 
aspects based on the RQs as shown in Table 18.  

 
Table 18. Comparison of automatic and manual assumption management 

Aspect Automatic assumption management Manual assumption management 

Definition The studies related to AAM usually 
do not define the assumption 
concept. 

There are several explicit definitions of 
‘assumption’ in MAM-related studies. 

Objective AAM is usually used for system 
verification, including modular, 
component, and program 
verification. Assumptions are 
automatically managed in AAM. 

MAM is used for various purposes, 
including managing assumptions in the 
five software development activities (see 
Appendix A.2). MAM usually need the 
involvement of stakeholders (e.g., making 
assumptions by architects). 

Software 
development 
activity 

AAM is mainly used in software 
design and construction and rarely 
used in other software development 
activities. 

MAM is mainly used in requirements 
engineering and software design; 
moderately used in other software 
development activities. 

Software artifact The most related artifact of AAM is 
component. Other types of artifacts 
such as interface, source code, 
thread, model, and requirement can 
also be involved. 

The artifacts related to MAM are various, 
including requirement, architecture, 
design decision, component, model, and 
source code. 

Classification of AAM-related studies usually do not There are certain classifications of 



Assumptions and their Management in Software Development: A Systematic Mapping Study 

 

 67 

assumptions classify assumptions. assumptions identified in MAM-related 
studies. 

Assumption 
management 
activity 

The main assumption management 
activities in AAM are Making, 
Description, and Evaluation. The 
other activities are rarely used in 
AAM. 

The main assumption management 
activities in MAM are Making, 
Description, Evaluation, and Maintenance. 
The other activities can be used in MAM. 

Approach The representative approach in AAM 
is assume-guarantee reasoning. 

There are no representative approaches in 
MAM. 

Tool There are certain tools dedicated for 
AAM. 

Most of the identified tools for MAM are 
either general tools in software 
development, or aim at managing other 
types of artifacts but can be used for 
MAM. 

Stakeholder The studies related to AAM usually 
do not mention who should be 
involved. 

The studies related to MAM include 
various types of stakeholders, such as 
customer, requirements engineer, 
designer, and developer. 

Benefit Most of the benefits mentioned by 
the AAM-related studies are for 
software design, construction, and 
verification. 

MAM can benefit all the five software 
development activities (see Appendix A.2) 
as well as other aspects such as improving 
software quality and traceability between 
artifacts. 

Challenge Most of the challenges in AAM are 
related to assumption management 
itself, such as how to handle the 
assumptions explosion problem. 

Challenges of MAM are related not only 
to assumption management itself, but also 
the assumption concept, such as 
understanding and classification of 
assumptions.  

Consequence of 
not well-
managed 
assumptions 

The studies related to AAM usually 
do not mention the consequences 
caused by not well-managed 
assumptions. 

The studies related to MAM identified 
various consequences of not well-
managed assumptions, such as system 
failures and design-related problems. 

Lessons learned Most of the lessons learned in AAM 
are suggestions for assumption 
management, especially suggestions 
regarding how to use the related 
approaches, tools, etc. 

The lessons learned of MAM cover all the 
three aspects in Table 15, i.e., impact of 
assumptions, suggestions for assumption 
management, and understanding of 
assumptions. 

 

2.5.3 Implications for researchers 
(1) As shown in Fig. 9, 29.9% of the studies have practitioners as authors. 

According to the results of this SMS, assumptions as well as their 
management play an important role in software development, and we 
encourage researchers to collaborate more with practitioners in their studies. 

(2) Based on the presented evidence, there are only a few studies that make the 
“assumption” concept clear, while most of the studies do not provide any 
definition. Researchers need to explain and disambiguate the concept and the 
term “assumption” in their own work. 



Chapter 2 

 

 68 

(3) Though we advocated classifying assumptions based on the five software 
development activities from SWEBOK [3], there is a need to verify its 
suitability or further adapt this classification in practice. 

(4) Two potential reasons (see Point (2) of Section 2.5.1) are provided regarding 
why the majority of assumptions in software development are made or 
related to the artifacts in requirements engineering and software design. 
However, there is a need to confirm these reasons in further research. 

(5) Assumptions are related to various types of software artifacts. Nine types of 
relationships between assumptions and certain types of artifacts were 
identified. There is a need to study in more detail why, how, and when 
assumptions can impact certain types of artifacts or vice versa. 

(6) Not all the assumption management activities received the same attention 
according to the studies. It is valuable to identify and analyze the benefits, 
costs, or other factors of the assumption management activities in software 
development. 

(7) The approaches and tools for assumption management have their context of 
use. Researchers need to make clear the context of use when introducing a 
new assumption management approach or tool. Furthermore, no studies 
employed Assumption Communication, Reuse, Understanding, Searching, 
and Organization, and most of the tools were used for assume-guarantee 
reasoning (19 out of 34, 55.9%) and Assumption Description (12 out of 15, 
80.0%, 15 is the number of the tools not used for assume-guarantee reasoning, 
see Section 2.4.6.2). There is a need to explore the possibility of employing 
these assumption management activities in software development, and 
provide more dedicated tools, especially in cooperation with industry. 

(8) Table 10 shows that all the types of stakeholders have been involved in 
Assumption Making, followed by Evaluation and Description; the 
stakeholders of requirements engineering, software design, and software 
construction play a central role in assumption management. Besides 
conducting assumption management activities, we also identified another 
four types of relationships between stakeholders and assumption 
management as presented in Section 2.4.7. This result indicates that 
researchers need to pay attention to different stakeholders when integrating 
assumption management in software development. Additionally, we argue 
that the stakeholders and their related assumption management activities 
collected from the selected studies are not complete. For example, there are no 
studies that explicitly mention which stakeholders should be involved in 
Assumption Reuse and Searching. One reason may be that “stakeholders” were 
not a major concern in the studies. Researchers are encouraged to delve into 
this topic, in order to make clear, for example, the responsibilities of 
stakeholders in assumption management. 
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(9) The benefits of assumption management are mostly based on certain 
conditions (e.g., the approaches or tools used). Researchers need to present 
the factors that may impact on the benefits when introducing their work. 

(10) Most negative consequences were caused by invalid or implicit assumptions, 
and we suggest that researchers focus on how to make assumptions explicit 
and reduce the number of invalid assumptions. 

(11) There is a significant difference between automatic and manual assumption 
management, regarding their pros, cons, characteristics, etc. An interesting 
topic is to combine automatic and manual assumption management (e.g., 
using assume-guarantee approaches with different types of stakeholders 
involved). 

2.5.4 Implications for practitioners 
(1) Practitioners need to reach an agreement on the understanding of 

assumptions in their own context, organization, or projects, in order to reduce 
the ambiguity of the assumption concept and term. 

(2) Practitioners need to understand that assumptions should be managed from 
the early phases of software development. We suggest that practitioners 
reflect on when exactly to manage assumptions and which assumptions are 
more critical to manage in software development. 

(3) Assumptions are related to various types of software artifacts, and there are 
twelve assumption management activities identified and collected in this SMS. 
We suggest that practitioners make explicit decisions on how to manage 
assumptions based on their available resources. For example, if resources are 
scarce, it is more beneficial to only include Assumption Making, Description, 
Evaluation, and Maintenance, than covering all the assumption management 
activities. 

(4) The approaches, tools, benefits, and lessons learned of assumption 
management have their own context as detailed in Section 2.5.1. For example, 
practitioners need to consider critically the benefits and lessons learned of 
assumption management, regarding their specific context. 

(5) The challenges of assumption management (see Section 2.4.8.3) and the 
consequences of not well-managed assumptions (see Section 2.4.9) can act as a 
checklist for practitioners. We suggest that practitioners become aware of the 
challenges and the negative consequences when assumptions are not well 
managed. 

(6) Practitioners make assumptions in their work without being aware of them, 
and therefore these assumptions stay implicit, and no one knows whether and 
when they turn to be invalid. Having a fair understanding of assumptions, 
acknowledging that practitioners make assumptions in their work, and 
perceiving the existing assumptions are the first significant steps of 
assumption management in practice. 
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2.6 Threats to validity 
The validity threats of this SMS exist during all the phases of conducting the 

study. This section discusses the threats according to the SMS phases, i.e., study 
search and selection (see Section 2.6.1), data extraction (see Section 2.6.2), and data 
analysis (see Section 2.6.3).  

2.6.1 Study search and selection 
We may have omitted related studies due to several reasons such as personal 

bias during the selection phases; this may have a negative impact on the results of 
this SMS. The following strategies were used to reduce the risks. 

(1) Seven popular databases (e.g., IEEE Explore) on software engineering were 
included for the database search and we also used Snowballing for manual 
search. 

(2) We designed and reached an agreement on inclusion and exclusion criteria 
(see 2.3.2.2.4) for selecting studies, which helped to avoid 
misunderstandings between the researchers. 

(3) A trial search and selection was conducted to enhance the quality (e.g., 
correctness) of this SMS (see Section 2.3.2.1) before the formal search and 
selection. 

(4) Two researchers conducted all the selection phases independently in the 
formal search and selection, and the results were reviewed by another two 
researchers. 

(5) Furthermore, before conducting each phase in both the trial and formal 
search and selection, the researchers had a meeting to resolve problems 
(e.g., misunderstandings and conflicts between researchers) of the 
previous phase and reached an agreement about the execution of the next 
phase.  

Another threat is that we may have missed primary papers published before the 
year 2001. As discussed in Section 2.3.2.2.2, to the best of our knowledge, there are 
no papers that can potentially act as milestones of assumptions and their 
management in software development. Furthermore, we considered that 15 years 
is a reasonable period for the topic of this SMS. 

2.6.2 Data extraction 
Personal bias may decrease the quality of the extracted data from the studies 

(e.g., incompleteness of the extracted data). The strategies used to mitigate this 
threat are the following: 

(1) We designed and reached an agreement on the data items. 
(2) Potential problems in data extraction (e.g., whether certain data should be 

extracted) were discussed by the researchers. For example, we might find 
certain data related to system failure, however, it is not caused by not well-



Assumptions and their Management in Software Development: A Systematic Mapping Study 

 

 71 

managed assumptions, but other reasons. Then this data should not be 
extracted. 

(3) A trial data extraction was conducted before the formal data extraction. 
(4) The data was extracted by one researcher, and was checked and confirmed 

by another researcher. 

2.6.3 Data analysis 
Data analysis can be potentially impacted by personal bias, mistakes (e.g., 

because of carelessness), and low quality of the extracted data. The following 
strategies were used to mitigate the threats: 

(1) Potential problems in data analysis were discussed by the researchers. 
Two representative examples: whether the data of a RQ should be 
analyzed through descriptive statistics or Constant Comparison; whether a 
code of qualitative data is correct and precise. 

(2) The data was analyzed by one researcher, and was checked and confirmed 
by another researcher. 

(3) The data without a clear description was excluded from the results of this 
SMS. 

(4) The MAXQDA tool4 used in this SMS is suitable especially for qualitative 
data analysis. For example, using its coding system and visualization tools 
can reduce the threat of mistakes in data analysis. 

2.7 Conclusions 
In this chapter, we conducted an SMS that covers the publications from January 

2001 to December 2015 on the topic of assumptions and their management in 
software development. 19,428 papers were retrieved from the databases in the first 
place, and a final set of 134 papers was selected for further data extraction and 
analysis. This SMS provides a comprehensive overview of the state of the research 
and practice, acts as a foundation for future work on this topic, and helps 
practitioners to better understand and manage assumptions in their work. 

We draw conclusions in nine aspects:  
(1) The studies were published in 94 venues, which indicates that 

assumptions and their management has been a broad topic in software 
engineering. Most of the studies were published in conferences (81 out of 
134, 60.4%), followed by journals (34 out of 134, 25.4%). However, the top 
two venues in Table 87 published only six (out of 134, 4.5%) and five (out 
of 134, 3.7%) studies respectively, and there are no venues that specifically 
publish studies on assumptions and their management in software 
development. 

                                                           
4 http://www.maxqda.com/ 
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(2) Only twenty-one studies (out of 134, 15.7%) explicitly defined the 
assumption concept. Though the assumption concept may be expected as 
common knowledge in software development, it is rather important to 
make this concept clear in both research and practice. 

(3) Most assumptions are made or related to the artifacts in requirements 
engineering and software design, which demonstrates that assumptions 
should be managed from the early phases of software development. 
However, the rationale behind this phenomenon is unclear, and therefore, 
more investigation is needed. Furthermore, eight types of relationships 
between assumptions and other types of artifacts were identified in this 
SMS. There is a need to maintain these relationships as well as to identify 
new relationships in further studies. 

(4) Though twelve assumption management activities were explored in the 
selected studies of this SMS, much effort (e.g., the related approaches) has 
been put on Assumption Making, Description, and Evaluation, while 
Assumption Maintenance received moderate attention. As discussed in 
Section 2.5.1, these four activities could be considered as primary activities 
in assumption management. However, this conclusion needs further 
validation. 

(5) More than half of the tools identified from the studies are aimed at 
supporting assume-guarantee reasoning. For the other tools, most of them 
can be used to support Assumption Description. As assume-guarantee 
reasoning is a specific part within the topic of assumptions and their 
management in software development, there is a clear need to develop 
more dedicated tools, especially tools that support not only Description, 
but also other assumption management activities, such as Tracing. 

(6) All the identified types of stakeholders are involved in Assumption 
Making in their work, followed by Evaluation and Description. 
Stakeholders involved in requirements engineering, software design, and 
software construction play a central role in assumption management. On 
the contrary, there are no studies that explicitly mention which 
stakeholders should be involved in Assumption Reuse, Searching, and 
Organization. There is a need to further explore the rationale behind this 
phenomenon, as well as to develop a clear map between stakeholders and 
assumption management activities. 

(7) As identified in this SMS, the main challenge is the difficulty of performing 
assumption management activities in software development. Addressing 
this challenge should be considered as the most burning issue when 
managing assumptions. 

(8) The identified assumption management approaches, tools, benefits, and 
lessons learned are limited to their specific contexts (e.g., context of use or 
preconditions). As an example, though certain benefits of managing 
assumptions in software development were identified from the selected 
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studies, they are not for free, but depend on various conditions (e.g., using 
specific assumption management approaches, activities, or tools), or may 
raise certain challenges in assumption management (e.g., how to balance 
the benefits of assumption management and the required effort). This 
finding motivates further investigation on generalizability of such 
approaches, tools, benefits, and lessons learned, and return on investment 
of assumption management in software development. 

(9) Most of the negative consequences identified in this SMS are caused by 
invalid or implicit assumptions. Therefore, one conclusion is that reducing 
invalid and implicit assumptions is critical in software development. 

Besides the analysis of literature, we also conducted a study to investigate the 
state of the practice regarding architectural assumptions and their management in 
industry (see Chapter 3). 
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Chapter 3 Architectural Assumptions and 
their Management in Industry – An 
Exploratory Study  

[Based on: C. Yang, P. Liang, P. Avgeriou, U. Eliasson, R. Heldal, and P. 
Pelliccione. Architectural Assumptions and their Management in Industry – 
An Exploratory Study. In: Proceedings of the 11th European Conference on 
Software Architecture (ECSA), Canterbury, UK, pp. 191-207, 2017.] 

Abstract 

As an important type of architectural knowledge, architectural 
assumptions should be well managed in projects. However, little 
empirical research has been conducted regarding architectural 
assumptions and their management in software development. In this 
chapter, we conducted an exploratory case study with twenty-four 
architects to analyze architectural assumptions and their management 
in industry. The results are: (1) neither the term nor the concept of 
architectural assumption is commonly used in industry, and 
stakeholders may have different understandings of the architectural 
assumption concept; (2) architectural assumptions are not only 
important in architecting, but also of paramount importance in 
software development as they span the whole software development 
lifecycle; (3) there is a lack of approaches, tools, and guidelines for 
architectural assumption management, and there are certain 
challenges in managing architectural assumptions; (4) architects 
frequently make architectural assumptions in their work; (5) the 
architectural assumption concept is subjective; (6) architectural 
assumptions are context dependent and have a dynamic nature (e.g., 
turning out to be invalid or vice versa during their lifecycle); (7) there 
is a connection between architectural assumptions and certain types 
of software artifacts (e.g., requirements and design decisions); (8) 
twelve architectural assumption management activities and four 
benefits of managing architectural assumptions were identified.  

3.1 Introduction 
In this chapter, we conducted an exploratory case study with twenty-four 

architects to analyze architectural assumptions (AAs) and their management in 
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industry. The results are: (1) neither the term nor the concept of AA is commonly 
used in industry, and stakeholders may have different understandings of the AA 
concept; (2) AAs are not only important in architecting, but also of paramount 
importance in software development as they span the whole software 
development lifecycle; (3) there is a lack of approaches, tools, and guidelines for 
AA management, and there are certain challenges in managing AAs; (4) architects 
frequently make AAs in their work; (5) the AA concept is subjective; (6) AAs are 
context dependent and have a dynamic nature (e.g., turning out to be invalid or 
vice versa during their lifecycle); (7) there is a connection between AAs and certain 
types of software artifacts (e.g., requirements and design decisions); (8) twelve AA 
management activities and four benefits of managing AAs were identified. 

The rest of this chapter is structured as follows: Section 3.2 describes related 
work on AAs and their management. Section 3.3 introduces the case study design. 
Section 3.4 presents the results of the case study, while Section 3.5 discusses the 
findings. Section 3.6 describes the threats to the validity of the case study, and 
Section 3.7 concludes this chapter. 

3.2 Related work 
Garlan et al. [9] treated AAs as an important factor that causes architectural 

mismatch. The authors suggested that guidelines should be provided for 
documenting AAs (e.g., how to integrate AA Documentation into architecture 
documentation). The authors further suggested several approaches (e.g., 
architecture views and description languages) and techniques (e.g., XML) to 
support AA Documentation. 

Lago and van Vliet [34] distinguished AAs from requirements and constraints 
as the reasons for architectural design decisions that are arbitrarily taken based on 
personal experience and knowledge. An assumption meta-model was proposed to 
document these assumptions in an explicit way. The authors classified AAs into 
three types: (1) managerial assumptions, (2) organizational assumptions, and (3) 
technical assumptions. Roeller et al. [4] classified AAs into four types: (1) implicit 
and undocumented (the architect is unaware of the assumption, or it concerns tacit 
knowledge), (2) explicit but undocumented (the architect takes a decision for a 
specific reason), (3) explicit and explicitly undocumented (the reasoning is hidden), 
(4) explicit and documented (this is the preferred, but often exceptional, situation). 
The authors also proposed an approach (RAAM – Recovering Architectural 
Assumption Method) for AA Recovery from five sources in development (e.g., 
source code and documentation). 

Van Landuyt et al. [27] discussed a specific type of AAs (i.e., early AAs), which 
are made by requirements engineers in the early phases of development (e.g., 
requirements elicitation). The authors highlighted the necessity of the 
documentation of early AAs. In their subsequent work, Van Landuyt and Joosen 
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[13] introduced a metamodel and an instantiation strategy to document early AAs 
based on quality attribute scenarios and use cases. 

Ordibehesht [85] argued that implicit and invalid AAs are the major cause that 
leads to system failures and poor performance. The author proposed an approach 
based on an architectural analysis and description language to document AAs. 

Mamun and Hansson [47] conducted a literature review on assumptions in 
software development. In their review, the authors identified problems (e.g., 
architectural mismatch), challenges (e.g., distinguishing assumptions from other 
software artifacts), and approaches (e.g., assumption description language) for 
assumption management (e.g., Assumption Documentation). In their following 
work, Mamun et al. [86] proposed to use Alloy language to document AAs in 
software development. 

Ostacchini and Wermelinger [63] proposed a lightweight approach to manage 
AAs in agile development, and summarized four main tasks of AA management 
from existing literature: (1) describing new assumptions, (2) monitoring 
assumptions regularly, (3) searching for assumptions, and (4) recovering past 
assumptions. The authors used the taxonomy of AAs proposed by Lago and van 
Vliet in [34]. 

To the best of our knowledge, there are currently no exploratory case studies 
regarding AAs and their management in software development from architects’ 
perspective. The aforementioned studies mostly focus on proposing and 
evaluating approaches for AA management, while this study aims to explore how 
architects perceive AAs as well as the existing activities, practices, tools, challenges, 
and benefits of AA management. 

3.3 Case study 
We followed the guidelines proposed by Runeson and Höst [80] to design and 

report on this case study. 

3.3.1 Goal and research questions 
The goal of the case study, formulated using the Goal-Question-Metric approach 

[45], is to analyze AAs and their management for the purpose of characterization 
with respect to understanding AAs and activities, practices, tools, challenges, and 
benefits of AA management from the point of view of architects in the context of 
software development in industry. The research questions (RQs) of this study 
according to the goal are formulated as follows: 

RQ1: How do architects perceive AAs? 

Stakeholders may perceive AAs differently. This RQ intends to explore how 
architects understand the concept of AA through definitions and examples, as well 
as characteristics of AAs and potential relationships between AAs and other 
software artifacts (e.g., requirements). 
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RQ2: What are the activities, practices, tools, challenges, and benefits of AA 
management? 

As evidenced in our systematic mapping study on assumptions and their 
management in software development (see Chapter 2), assumption management is 
comprised of a set of assumption management activities (e.g., Assumption Making) 
and supported by various practices and tools. Furthermore, AA management leads 
to certain benefits in software development but also has challenges. This RQ aims 
at helping researchers and practitioners to get a practical understanding of AA 
management in software development. 

3.3.2 Case and units of analysis 
Our case study explores a phenomenon (managing AAs) in a real context, by 

asking each subject to select one non-trivial software project from their work and 
to manage AAs in the context of the selected project. Note that we did not study 
the AAs managed by the subjects, but their opinions on AAs and their 
management. Therefore, we treat this study as a multiple and holistic case study 
[19]: each architect is both a case and a unit of analysis. Furthermore, this case 
study aims at exploring new insights of AAs and their management as well as 
generating new ideas for further research, so it is an exploratory case study [80]. 

3.3.3 Data collection and analysis 
We conducted five workshops (half day per workshop, including a half-hour 

tutorial on AAs and their management) in Beijing and Shenzhen, China and 
Gothenburg, Sweden with twenty-four architects from ten companies and different 
domains (e.g., Internet of Things and Automotive Industry) to collect data. 

Three data collection methods were used in the case study: questionnaire, 
interview, and focus group. We asked each subject to fill in a questionnaire to 
collect their background information. We interviewed all the subjects (one by one, 
30 minutes per subject) with specific questions related to the RQs. We conducted 
five focus groups (30 minutes per focus group per workshop) according to the 
RQs. 

We used descriptive statistics to analyze quantitative answers (i.e., background 
information of the subjects), and Constant Comparison [20] for qualitative answers 
(i.e., generating concepts and categories from the collected data to answer the 
RQs). 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 [20]. In this case study, Constant 
Comparison was iteratively performed, and the codes and their relationships were 
refined in each iteration. Table 19 shows the relationships among the data 
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collection methods, data analysis methods, and RQs. Furthermore, we used 
MAXQDA5 to analyze the qualitative data collected from the case study. 

 
Table 19. Relationships among the data collection methods, data analysis methods, and RQs 

Data collection method Data analysis method RQs 

Questionnaire Descriptive statistics Background information 

Interview Constant Comparison RQ1, RQ2 

Focus group Constant Comparison RQ1, RQ2 

3.4 Results 

3.4.1 Subjects experience and projects Information 
The experience of the subjects in software-intensive systems and architecting is 

generally classified in three levels as shown in Fig. 11. Most of the subjects (22 out 
of 24, 91.7%) have at least five years of experience in software-intensive systems, 
and 15 subjects (out of 24, 62.5%) have at least five years of experience in 
architecting. We also asked the subjects whether they had architecture-related 
training (excluding higher education). Four subjects (out of 24, 16.7%) claimed that 
they had such training experience. 

 

 
Fig. 11. Years of experience in software-intensive systems and architecting of the subjects 

 

Furthermore, the twenty-four subjects managed AAs in twenty-eight projects, 
i.e., there are four subjects that each of them had managed AAs in two of their 
projects. The duration, team size, and lines of code of the projects are shown in Fig. 
12. Note that two subjects did not provide us the lines of code of their projects (two 
projects) because the projects were in progress when we conducted the workshops. 

                                                           
5 http://www.maxqda.com/ 
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Fig. 12. Information of the projects used by the subjects in the case study 

 

3.4.2 Results of RQ1 – Perception of AAs 
Term and Concept of AA 

The results show that neither the term nor the concept of AA is commonly used 
in industry, although the subjects admitted that they frequently made AAs in their 
work. As one subject put it: “I had something in my thinking about architecture work 
that transformed into an assumption, but I missed that, and assumption is a very good 
word to use here.” 

Moreover, the results support that stakeholders may have different 
understandings of the AA concept. One of the most intensive arguments between 
the subjects concerned the nature of AAs. As one subject understood: “When we 
develop systems, we have various flows. AAs are like uncertain key points in these flows.” 
As another subject stated: “If a statement is made based on personal experience without 
being able to prove that it is feasible or has no risks, it is an AA.” 

Finally, the subjects agreed that AAs are not only important in architecting, but 
also of paramount importance in software development, and the influence of AAs 
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is through the entire development process, instead of only during the architecting 
or design phase. As one subject explained: “AAs are made from requirements 
engineering. When architecting, we make new AAs, and the existing AAs would evolve. I 
think AAs can influence the whole project lifecycle as well as product lifecycle.” 

AA Examples 

The subjects provided more than twenty AA examples based on their own 
understanding. We present two examples: “As we can’t foresee the functional growth, 
we need to have a scalable network topology, which means it should be possible to add 
network segments without changing the architecture, assuming that the actual design of 
the network topology is not part of the architecture.” Another assumption: “There would 
not be any need for a high speed bus inside the vehicle dynamics area until 2019 or later. 
This is an explicit assumption. We actually wrote it down.” 

Characteristics of AAs 

The subjects mentioned that the AA concept is subjective (e.g., whether 
something is architecturally-significant or whether an information is an 
assumption). This is a reason that stakeholders may have a different 
understanding of the AA concept, and can make different AAs according to their 
own understanding. 

Furthermore, AAs are context dependent, i.e., they can be different depending 
on context (e.g., project context). As one subject put it: “If I have assumption1 and 
assumption2, and they have a relationship in project 1. For project 2, they don’t have any 
relationship. So the relationship between these two AAs is context dependent on the 
project.” 

Moreover, the subjects talked about the dynamic nature of AAs, i.e., AAs can 
evolve over time. This means that a valid AA can turn out to be invalid or vice 
versa, as well as an AA can transform to another type of software artifact or vice 
versa during its lifecycle: “An AA may transform to another type of artifact, or 
something that is not an AA in the first place, but change to an AA. The transformation 
between AAs and other types of artifacts should be bi-directional.” 

Finally, the subjects agreed that relationships between two AAs could be zero, 
one, or multiple. As one subject stated: “In some way, two types of relationships (e.g., 
“is caused by” and “constrains”) could coexist between two AAs.” 

AAs and Other Software Artifacts 

The subjects agreed that AAs are not independent in software development; 
instead, there is a connection between AAs and other types of software artifacts. 
As one subject mentioned: “I can see that a lot of things are based on assumptions. 
When we have a new project, we could start with some basic or important assumptions that 
we have, and base design patterns or requirements on those AAs.” 

The subjects listed several artifacts related to AAs, including requirements, 
design decisions, design patterns, design models, components, and risks. As one 
subject stated: “Some requirements we have are actually AAs, and we have strategies 
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based on assumptions, so it could be good to acknowledge that.” As another subject put it: 
“How does an AA evolve to a requirement? The dependencies between assumptions and 
things like that are the most important. We could connect AAs to decisions, requirements, 
and components.” 

Summary of RQ1 

We summarize the aforementioned results of RQ1: (1) Neither the term nor the 
concept of AA is commonly used in industry. (2) The subjects (architects) 
frequently made AAs in their work. (3) Stakeholders may have different 
understandings of the AA concept. (4) AAs are important in both architecting and 
software development. (5) AAs span the whole software development lifecycle. (6) 
The AA concept is subjective. (7) AAs are context dependent and have a dynamic 
nature. (8) There is a connection between AAs and certain types of software 
artifacts. 

3.4.3 Results of RQ2 – AA management 
AA Management Activities 

By considering the assumption management activities identified and 
summarized in our mapping study (see Chapter 2), we found that all the twelve 
assumption management activities were mentioned by the subjects in the case 
study: AA Making, Description, Evaluation, Maintenance, Tracing, Monitoring, 
Communication, Understanding, Reuse, Recovery, Searching, and Organization. 
These AA management activities include both the activities the subjects used in 
their projects and the activities the subjects considered important or difficult. For 
example, the subjects agreed that making AAs (including both identifying existing 
AAs and making new AAs) was hard for them. Furthermore, AA Making, 
Description, Evaluation, Maintenance, Tracing, and Monitoring were the most 
frequently discussed AA management activities by the subjects in the case study. 

Practices and Tools Used for AA Management 

The subjects did not employ any general AA management process or 
approaches in their work, but they used certain practices and tools for AA 
management activities. We listed all the practices and tools used by the subjects in 
Table 20. Note that the tools are listed without a mapping to the specific AA 
management activities because the subjects did not provide that information. 

 
Table 20. Practices and tools used for AA management 

AA management 
activity 

Practice Tools 

AA Making Making AAs in requirements engineering MS PowerPoint6;  

                                                           
6 https://products.office.com/en/powerpoint 
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Making AAs in architecting MS Visio7;  

MS Word8;  

MS Project9;  

Enterprise Architect10; 
Rational Software 
Architect Designer11;  

SmartDraw12;  

Origin13;  

PowerDesigner14;  

ProcessOn15;  

internal tools 

Making AAs using brainstorming 

AA Description 

Describing AAs in documents (e.g., design 
documents) 

Describing AAs in models (e.g., architecture models) 

AA Evaluation 
Evaluating AAs in Architecture Evaluation 

Evaluating AAs in software testing 

AA Maintenance 
Involving customers and users in the discussions of 
maintaining AAs 

AA Communication Face-to-face communication of AAs 

 

Challenges of AA Management 

Furthermore, we identified a set of challenges regarding AA management in 
software development as shown in Table 21. 

 
Table 21. Challenges of AA management 

Challenge Description 

Understanding of 
AAs 

Neither the concept nor the term of AA was commonly used by the subjects. It is 
challenging to understand the AA concept and term: “It was difficult to get started. 
You need to figure out getting to the mode of understanding, which was the trickiest 
part.” 

Furthermore, stakeholders may have different understandings of the AA concept, 
which could cause inconsistency in AA management. 

AA management 
activities 

One of the most important challenges is how to conduct individual AA 
management activities in software development, i.e., there is a lack of specific 
approaches for AA management. For example, considering AA Making and 
Description, one subject put it: “We write a lot of things based on so many 
assumptions, but we don’t document. The problem is actually how to catch the 
assumptions because we have so much in our heads.” 

Tools 

There is a lack of tools for AA management, which should be able to deal with 
different project context (e.g., an AA is valid in a project, but invalid in another 
project), support not only AA Description, but also other AA management 
activities (e.g., Making and Evaluation), have good quality of outputs, and 

                                                           
7 https://products.office.com/en-us/visio/flowchart-software 

8 https://products.office.com/en-us/word 

9https://products.office.com/en-us/project 

10 http://www.sparxsystems.com/ 

11 http://www-03.ibm.com/software/products/en/ratsadesigner 

12 https://www.smartdraw.com/ 

13 http://www.originlab.com/ 

14 http://www.powerdesigner.biz/EN/ 

15 https://www.processon.com/ 
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support automation or semi-automation. As one subject mentioned: “We have 
maybe 100 decisions and 400 requirements, and we have different projects, which have the 
same assumptions in different validation states, so the tool must handle these situations 
and be very scalable.” 

Lack of data 

There is a lack of data (e.g., empirical data) regarding AAs and their management 
in existing projects, which makes conducting AA management activities (e.g., AA 
Reuse and Evaluation) difficult. As one subject put it: “If you have data regarding 
AAs from 10,000 projects, you can generate an AA model to analyze AAs in future 
projects.” 

Integration 

AAs are related to other software artifacts, such as requirements. Therefore, there 
is a challenge to integrate AAs and their management with existing software 
development processes, approaches, tools, etc. An example given by one subject: 
“In embedded systems, flowchart diagram is the most important, and AA management 
should be compatible with flowchart diagrams, when introducing AAs in embedded 
systems.” 

Project context 

AA management depends on project context (e.g., resources, complexity, 
development processes employed, and application domain). Thus, an AA 
management approach may work in one project, but not work in another project. 
As one subject explained: “For some projects AA management may grow to be a huge 
unwieldy thing that everyone is afraid of, and you need to maintain, because no one else 
touches that.” 

Experience 

AA management requires certain experience (project experience, architecting 
experience, etc.). One challenge is how to mitigate the gap between junior and 
experienced stakeholders regarding AA management. As one subject stated: 
“Experienced architects understand AA management better than junior architects. 
Experienced architects can make more reasonable AAs, while junior architects may not 
even know what AAs they have or need to make. You can t́ just go out on the street and 
pick up the first guy, and say: you will be the architect!” 

Stakeholders 
There is a lack of guidance regarding who should be involved in AA 
management. As one subject mentioned: “AAs are related to various aspects of 
software development, and AA management should be teamwork.” 

 

Benefits of AA Management 

Finally, we identified a set of benefits of AA management in software 
development as shown in Table 22. 

 
Table 22. Benefits of AA management 

Benefit Description 

Being aware of 
AAs and related 
problems 

The most intuitive benefit of managing AAs is to make AAs explicit, i.e., 
stakeholders become aware of the AAs made in projects. This can further help 
stakeholders to be aware of and avoid potential problems (e.g., risks) caused by 
implicit or invalid AAs. As one subject put it: “It would definitely be good for us to 
acknowledge that we have assumptions in the first place and to work with them to some 
extent.” 

Improving 
traceability 

AAs are not independent in software development, but intertwined with various 
software artifacts, e.g., design decisions. Management of AAs can help to trace 
AAs to other types of artifacts. As one subject stated: “The benefits of managing 
AAs are that you can see what decisions have been made based on assumptions, and 
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know why you made some decisions.” 

Facilitating 
maintenance and 
handover 

AAs are usually implicit, and intertwined with various software artifacts. 
Management of AAs can make AAs explicit, and prevent knowledge 
vaporization in software development, which can further facilitate maintenance 
and handover within projects. As one subject mentioned: “AA management 
enriches software knowledge, which helps to maintain, for example, architecture or 
source code.” 

Reducing costs 

Invalid AAs may lead to problems such as inappropriate architecture design, 
and consequently increase costs (e.g., additional development effort) of a project. 
AA management aims at reducing invalid AAs and thus reduces cost. As one 
subject explained: “Invalid AAs would make the system that is based on the 
architecture more expensive than it needs to be.” 

 

Summary of RQ2 

We summarize the aforementioned results of RQ2: (1) Twelve AA management 
activities were identified. (2) No systematic approaches were used by the subjects 
for AA management. (3) Nine practices without guidelines were used by the 
subjects in five AA management activities. (4) All the tools used by the subjects for 
AA management are general in software development. (5) There are eight 
challenges and four benefits identified in managing AAs. 

3.5 Discussion 

3.5.1 Interpretation of RQs results 
Interpretation of the results of RQ1 

There is an obvious paradox: on the one hand, neither the term nor the concept 
of AA was commonly used in industry; on the other hand, the subjects frequently 
made AAs in their work. One reason could be that the subjects were not aware of 
the AAs when they made them. The most probable reason however is that AAs 
were not treated as first class entities in software development. Instead, AAs were 
considered as, for example, a type of constraint or rationale of other software 
artifacts (e.g., design decisions). 

Stakeholders may have a different understanding of the AA concept. One 
reason could be that the AA concept is subjective, as the subjects mentioned. 
Furthermore, AAs are context dependent (e.g., project context). This indicates that, 
for example, an AA can be valid in one project but invalid in another project 
depending on the context. As mentioned by the subjects, one potential reason is 
that AAs are related to various types of artifacts. For example, an AA can be 
caused or constrained by a requirement. Therefore, if the requirement changes in 
another project, the AA may also change (e.g., from valid to invalid). 

Moreover, AAs have a dynamic nature, i.e., AAs can evolve over time. This 
means that a valid AA can turn out to be invalid or vice versa, but also that an AA 
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can transform to another type of software artifact or vice versa. A potential reason 
for the former (i.e., bi-directional changes between valid and invalid) is the context 
dependent characteristic of AAs. For the latter (i.e., bi-directional transformation 
between AAs and other types of software artifacts), the reason could be that AAs 
are inherently uncertain: once the uncertainty of an AA is eliminated, this AA 
transforms to another type of artifact; an artifact, such as a design decision, may 
also become uncertain and thus turn into an AA. 

Finally, as stated by the subjects, AAs are not only important in architecting, but 
also of paramount importance in software development; its lifecycle is throughout 
the whole software development lifecycle. One reason could be that AAs are 
related to various software artifacts, such as requirements, design decisions, 
components, and risks. Another reason, as the subjects explained, is that AA 
management is teamwork, involving different stakeholders, instead of only 
architects. 

Interpretation of the results of RQ2 

The results of RQ2 confirm the twelve assumption management activities 
identified and summarized in our systematic mapping study (see Chapter 2). 
Furthermore, AA Making, Description, Evaluation, Maintenance, Tracing, and 
Monitoring got the most attention by the subjects. One reason may be that the 
subjects considered these six activities as the primary AA management activities in 
software development; if AA management is employed in development, these 
activities are more likely to take place or get more attention than other activities. 

In this study, we did not find any particular approaches the subjects used for 
AA management. Though the subjects suggested several practices for managing 
AAs, these practices are general without any elaborated guidelines. We also found 
several tools for AA management used by the subjects. However, all of them are 
general software development tools, and thus do not specifically focus on AA 
management.  

Furthermore, besides the lack of guidelines, approaches, tools, resources, etc. for 
AA management, we found several other challenges of AA management in 
software development, including “Lack of data”, “Integration”, and “Project 
context” as elaborated in Table 21. For example, as mentioned by the subjects, 
there is a lack of data (e.g., empirical data) regarding AAs and their management 
in existing projects. This is potentially because stakeholders do not make AAs 
explicit and document them in a systematic way. The lack of existing data 
regarding AAs from projects is also a reason that impedes conducting individual 
AA management activities in software development. 

Finally, we identified four benefits of AA management in software development. 
However, we argue that these benefits are not for free, as they depend on certain 
conditions (e.g., related to specific AA management activities), and there is always 
a tradeoff between benefits and costs. For example, AA Tracing helps to improve 
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traceability between AAs and other software artifacts in software development, 
but the effort needed for establishing traces could be prohibitive. 

3.5.2 Implications for researchers 
AAs in empirical studies 

The AA concept is subjective, and stakeholders may have different 
understandings of the AA concept. When conducting empirical studies regarding 
AAs and their management, these nuances need to be taken into account during 
the study design. Especially when evaluating related approaches or tools for AA 
management in empirical studies, researchers need to make a decision: allowing 
their subjects to have their own understanding of AAs or enforcing a consistent 
definition. 

AA management 

On the one hand, AAs are important in both architecting and software 
development. On the other hand, there are various challenges regarding AAs and 
their management that need to be addressed in software development, as we 
identified in the case study. There is a clear need to develop, for example, 
dedicated approaches and tools, as well as well-designed practices and guidelines 
(e.g., when to manage AAs or what AAs should be managed in software 
development) for AA management. 

Furthermore, the reasons that AAs are usually not-well managed could be 
various: for example, the challenges listed in Table 21, or the return on investment 
is rather limited. We suggest that researchers collect evidence regarding the return 
on investment for AA management. Moreover, not-well managed AAs can lead to 
a multitude problems in software development. There is a need for researchers to 
identify these problems from both literature and empirical studies. This could 
motivate spending extra effort on AA management. 

Finally, since AAs are intertwined with various types of software artifacts and 
their lifecycle spans the whole software development lifecycle, there is a possibility 
for further research regarding integrating AA management into existing software 
development approaches (e.g., decision-centric architecture evaluation 
approaches). 

3.5.3 Implications for practitioners 
Treating AAs as first class entities 

AAs are important in both architecting and software development, as they span 
the whole software development lifecycle. However, practitioners (e.g., architects) 
frequently make AAs in their daily work, without always being aware what AAs 
they made. We advocate treating AAs as first class entities in software architecting 
as well as in software development, and integrating AA management with existing 
processes, approaches, tools, etc. in software development. 
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Understanding of AAs 

Understanding of AAs (e.g., the AA concept) is usually an issue in AA 
management. We suggest that practitioners in a project should at least reach an 
agreement on, for example, what AAs are, as well as how to manage them.  

Teamwork 

AA management is teamwork. Although, according to our systematic mapping 
study (see Chapter 2), in the context of software design, architects and designers 
are the major stakeholders in assumption management, we encourage practitioners 
with different roles (e.g., project manager) being involved in managing AAs. For 
example, practitioners can evaluate AAs as a team, instead of only letting 
architects perform AA Evaluation. 

Experience 

AA management requires certain experience (including project experience and 
architecting experience). In general, experienced practitioners understand AA 
management deeper and perform it better than junior practitioners. We encourage 
discussions regarding AAs and their management between practitioners with 
different levels of experience to alleviate this issue. 

3.6 Threats to validity 
The threats to the validity of this case study are presented in this section 

according to the guidelines proposed by Runeson and Höst [80]. Note that internal 
validity is not discussed in this chapter because this work does not study causality.  

Construct validity reflects to what extent the research questions and the 
studied operational measures are consistent [80]. A potential threat concerns 
whether the collected data can answer the RQs. To reduce this threat, we 
iteratively refined the RQs and the data collection procedures. To improve the 
validity of the case study we used both interviews and focus groups for the data 
collection.  

External validity concerns the generalization of the findings [80]. The subjects 
were architects from various companies and domains, and with different levels of 
working experience in software intensive-systems and architecting; we argue that 
the results are representative for practitioners with a similar background. However, 
the results may not be generalized to other contexts (e.g., project managers and 
programmers); replication of this case study is one way to reduce this threat.  

Reliability focuses on whether the study would yield the same results when 
other researchers replicate it [80]. We performed a pilot study to refine the case 
study design (e.g., the interview questions), and reduced the ambiguities in the 
execution of the case study. The protocol of the case study was reviewed by the 
researchers iteratively, and also by eight external reviewers, to mitigate the threat 
of bias in the design of the case study. The whole process of the case study was 
recorded through audio recording devices to reduce the threat of information 
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vaporization. Furthermore, two authors conducted Constant Comparison through 
MAXQDA in parallel to reduce the threat of bias in the qualitative data analysis. 

3.7 Conclusions 
As an important type of architectural knowledge, little empirical research has 

been conducted regarding AAs and their management in software development. 
In this chapter, we conducted an exploratory case study with twenty-four 
architects to analyze AAs and their management in industry. 

In this study, we found: (1) neither the term nor the concept of AA is commonly 
used in industry, and stakeholders may have different understandings of the AA 
concept; (2) AAs are not only important in architecting, but also of paramount 
importance in software development as they span the whole software 
development lifecycle; (3) there is a lack of approaches, tools, and guidelines for 
AA management, and there are certain challenges in managing AAs; (4) architects 
frequently make AAs in their work; (5) the AA concept is subjective; (6) AAs are 
context dependent and have a dynamic nature (e.g., turning out to be invalid or 
vice versa during their lifecycle); (7) there is a connection between AAs and certain 
types of software artifacts (e.g., requirements and design decisions); (8) twelve AA 
management activities and four benefits of managing AAs were identified. 

The results of Chapter 2 and Chapter 3 show that architectural assumption 
management is comprised of a set of architectural assumption management 
activities, but there is no general architectural assumption management process 
that can encompass these identified individual activities as a whole. This is one of 
the major reasons that architectural assumptions are usually not systematically 
managed in software development. In the next chapter, we proposed such a 
process for architectural assumption management. 
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Chapter 4  Evaluation of a Process for 
Architectural Assumption Management 
in Software Development 

[Based on: C. Yang, P. Liang, and P. Avgeriou. Evaluation of a process for 
architectural assumption management in software development. Under 
review.] 

Abstract 

Context: Managing architectural assumptions is critical to the success 
of software development projects. In this chapter, we propose an 
architectural assumption management process, comprised of four 
architectural assumption management activities: Architectural 
Assumption Making, Description, Evaluation, and Maintenance.  

Objective: Evaluating the architectural assumption management 
process in architectural assumption management, regarding the ease 
of understanding and the effort of conducting the architectural 
assumption management process, as well as the effectiveness of using 
the architectural assumption management process to make 
architectural assumptions explicit and to identify and reduce invalid 
architectural assumptions.  

Method: An explanatory case study with 88 first-year master students 
on software engineering.  

Results: (1) The ease of understanding and the effort of conducting 
the architectural assumption management process are moderate. (2) 
The architectural assumption management process can help to make 
architectural assumptions explicit and to identify and reduce invalid 
architectural assumptions in projects, while Architectural Assumption 
Evaluation is the most helpful architectural assumption management 
activity for all these three aspects. (3) Various factors (e.g., experience 
of stakeholders, their understanding of the concepts, as well as 
employed software development approaches and tools) can influence 
the aforementioned results; being aware of and properly adjusting 
these factors can facilitate the application of the architectural 
assumption management process.  

Conclusions: The architectural assumption management process aims 
at systematically managing architectural assumptions in software 
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development. The results of the case study provide preliminary 
empirical evidence for the evaluation of the architectural assumption 
management process. 

 

4.1 Introduction 
In this chapter, we propose an architectural assumption management (AAM) 

process, comprised of four AA management activities: AA Making, Description, 
Evaluation, and Maintenance. We conducted a case study to validate the AAM 
process in AA management at Wuhan University in China with 88 first-year 
master students on software engineering. Particularly we validated the ease of 
understanding and the effort of conducting the AAM process, as well as the 
effectiveness of using the AAM process to make AAs explicit and to identify and 
reduce invalid AAs. 

The results indicate that (1) the ease of understanding and the effort of 
conducting the AAM process are moderate; (2) the AAM process can help to make 
AAs explicit and to identify and reduce invalid AAs in projects, while the most 
helpful activity is AA Evaluation for all these three aspects; and (3) there are 
various factors (e.g., experience of stakeholders, concepts understanding, and 
employed approaches and tools) that can influence the aforementioned results. 
Being aware of and properly adjusting these factors can facilitate the application of 
the AAM process in practice. 

The rest of the chapter is structured as follows: Section 4.2 introduces how 
assumptions can be distinguished from other types of artifacts. Section 4.3 details 
the proposed AAM process. Section 4.4 presents the design of the case study. The 
results of the case study are provided in Section 4.5 and further discussed in 
Section 4.6. Section 4.7 describes the threats to the validity of the case study. 
Section 4.8 concludes this chapter. 

4.2 Distinguishing assumptions from other types 
of artifacts 

Due to the characteristics of assumptions, especially their subjective nature, 
many studies mention that it is difficult to draw a line between assumptions and 
other types of software artifacts. For example, Roeller et al. [4] discussed the 
difficulty of distinguishing architectural assumptions from requirements, design 
decisions, and constraints, as they believed that researchers and practitioners often 
employ such terms interchangeably in software development [4]. Therefore, the 
same piece of information could be an assumption in one context, and a 
completely different type of artifact in another context (see Chapter 3). Unless the 
information is expressed in a specific way (e.g., using phrases like “It is assumed 
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that”), it is difficult to judge whether the information is an assumption or not, 
without considering its context (see Chapter 2 and Chapter 3). 

In this chapter, we advocate the necessity and importance to denote 
assumptions explicitly as such, during software development. However, this often 
does not happen in practice, and stakeholders need to judge whether a piece of 
information is an assumption or another type of artifact. To assist making this 
distinction, we further provide two lessons learned based on our previous work on 
assumptions and their management (see Chapter 2 and Chapter 3). We note that 
these may increase the possibility of classifying something correctly as an 
assumption but there are no definitive rules for doing so.  

Look at the context and not just the content. In our systematic mapping study 
(see Chapter 2), we identified many examples of assumptions claimed by the 
authors of the studies (e.g., “The system will be available during normal working hours” 
[39]; “There is a subsystem that is responsible for receiving emergency calls and 
forwarding them to an available Coordinator” [27]; “If thread i holds the lock in read mode, 
then x cannot be changed by another thread” [40]). We argue that it is difficult to treat 
such examples as assumptions by only reading these statements. However, when 
we dig deeper in the studies, paying attention to the context of those examples, it 
becomes clear why the authors of those studies considered the examples as 
assumptions, instead of other types of artifacts, such as requirements. 

Every assumption should be characterized by uncertainty; if something is 
certain or has strong evidence supporting its validity, it is not an assumption. 
Despite this inherent uncertainty, an assumption is still taken for granted or 
accepted as true. Therefore, if such characteristic can be found in a piece of 
information, it increases the possibility that the information is an assumption. For 
example, an architect may assume that “the concurrent users of the system will exceed 
1 million”. In this statement, the architect is not sure about its correctness, but takes 
it for granted during system design, which makes it an AA. This AA will exist 
until its uncertainty is eliminated (number of concurrent users indeed exceeds 1 
million). Please note that assumptions are not equal to uncertainties in software 
development: instead uncertainties can lead to assumptions, i.e., one way to deal 
with uncertainties is to make implicit or explicit assumptions [41]. 

4.3 Architectural assumption management process 
This section first elaborates on the AAM process (including the selection of the 

AA management activities used to compose the process), and subsequently 
presents related work on AA management. 

4.3.1 Architectural assumption management activities 
To understand which activities are required for managing AAs in software 

development, we previously conducted a systematic mapping study on 
assumptions and their management in software development (see Chapter 2). That 
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mapping study analyzed 134 studies from an initial set of 19,428 studies. Twelve 
assumption management activities were identified and collected in the mapping 
study: Assumption Making, Description, Evaluation, Maintenance, Tracing, 
Monitoring, Communication, Reuse, Understanding, Recovery, Searching, and 
Organization. 

While all the twelve activities are meaningful and useful in assumption 
management, we argue that including them all into a comprehensive process could 
be heavyweight and resource-intensive to be adopted in practice. For example, 
traceability between AAs and other types of software artifacts is beneficial in 
software development, but the effort required could be a critical problem, 
especially when dealing with a large number of artifacts. Therefore, to keep the 
overall process relatively simple and lightweight, we selected four assumption 
management activities as the core activities to compose the AAM process: Making, 
Description, Evaluation, and Maintenance. Table 23 further explains why these 
four activities were selected as the core activities. We consider the remaining eight 
assumption management activities as supporting AA management activities; these 
can assist the core activities if enough project resources are available. There are two 
main reasons for denoting the remaining eight activities as supporting (i.e., meet at 
least one of the reasons). First, some assumption management activities (e.g., 
Communication) are general. These activities usually do not exist independently, 
but are meant to support the core activities (e.g., Making) during the AAM process. 
Second, these activities (e.g., Recovery) do not frequently take place in assumption 
management. As an example, in our systematic mapping study (see Chapter 2), we 
found that although twelve assumption management activities were explored, 
much effort had been put on Assumption Making (108 out of 134 selected studies, 
80.6%), Description (89 out of 134, 66.4%), and Evaluation (83 out of 134, 61.9%). 
Assumption Maintenance (30 out of 134, 22.4%) received moderate attention. Other 
assumption management activities were mentioned in less than 15.0% of the 
selected studies. These supporting AA management activities, although not part of 
our proposed process, can still be used to support the core activities.  

We note that this is one potential classification of activities into core and 
supporting AA management activities. Other classifications can be used based on 
different criteria. It is of paramount importance to distinguish between a core part 
of the AAM process and a supporting (optional) part, in order to allow for a 
lightweight process, thus increasing the likelihood of its adoption in practice. 

 
Table 23. Rationale of selecting AA management activities 

Activity Rationale 

Making AA Making is the first step of AA management, and a prerequisite for the 
existence of AA. This activity includes making both explicit and implicit AAs. In 
the latter case, stakeholders are not aware of the AAs made by others or even by 
themselves (see Chapter 3). 

Description Despite being an important type of architectural knowledge, AAs are usually kept 
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undocumented in projects; this is one of the most critical problems in software 
development, and leads to a multitude of issues (e.g., information erosion) (see 
Chapter 2). Therefore, documenting AAs in an explicit way is of paramount 
significance, and should be a core activity, if not for all AA, at least for the most 
important ones. 

Evaluation AAs may be invalid in the first place (at the time they are made), because of, for 
example, the lack of knowledge or information when making these AAs (see 
Chapter 3). However, this invalidity may be undetected. Moreover, AAs have a 
dynamic nature, i.e., they can evolve over time (see Chapter 3). For example, 
during software development, a valid AA can turn out to be invalid or vice versa. 
Finally, the validity of an AA is context dependent (see Chapter 3), for example, 
an AA can be valid in one project, while invalid in another project. As invalid 
AAs are rather harmful (e.g., leading to architectural mismatch) in projects [9], 
AA Evaluation can be used to identify such invalid AAs, and provides further 
guidance on how to deal with them. 

Maintenance The identification of invalid AAs motivates the need of AA Maintenance, since 
invalid AAs are rather harmful in projects, and adapting such AAs is a necessary 
step in software development. For example, when the context (e.g., project 
context) changes, an AA may need to be maintained in order to fit the new 
context.  

 

4.3.2 Design of the architectural assumption management 
process 

As evidenced in literature (e.g., see Chapter 2 and Chapter 3), AA management 
is teamwork: architects and designers are the major stakeholders in AA 
management, while other types of stakeholders should also be involved. Therefore, 
the main users of the AAM process are architects and designers, but other types of 
stakeholders can be included when performing specific activities of the process. 
For instance, during AA Evaluation, stakeholders such as project managers, 
requirements engineers, and customers can be involved. This is in line with other 
architectural approaches. As an example, when using ATAM to evaluate an 
architecture, various types of stakeholders (including customers) are suggested to 
be involved [115]. We define the core AA management activities and briefly 
describe the inputs and outputs of each activity below. 

AA Making refers to both the actual making of assumptions in software 
development (including making new AAs and identifying existing AAs) and 
analyzing the properties of AAs (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 
[106]). Outputs: Undocumented AAs (i.e., AAs which have been made, but have 
not been documented). 
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AA Description aims at describing AAs in certain forms during software 
development. Inputs: Undocumented AAs or maintained AAs (see AA 
Maintenance below). Outputs: Documented AAs. We note that the level of 
documentation can vary greatly depending on, for example, project context, from a 
one-sentence description to a full-fledged document for an AA. 

AA Evaluation ensures that the description and analysis of AAs are correct and 
accurate. Inputs: Undocumented AAs or documented AAs. Outputs: Evaluated 
AAs (i.e., the results of evaluation, for example, which AAs turn out to be invalid). 

AA Maintenance adapts AAs to fit the context of software development (e.g., 
eliminating outdated or invalid AAs, modifying conflicting AAs, and transforming 
AAs to other types of software artifacts, such as requirements or decisions). Inputs: 
Evaluated AAs. Outputs: Maintained AAs (e.g., modifying invalid AAs to fit their 
new context). 

Fig. 13 shows the AAM process, comprised of the four core AA management 
activities. The process needs to be iteratively executed during software 
development instead of following a “sequential” flow; in Fig. 13 this is depicted 
through the feedback loop from AA Maintenance to Description. The flow of the 
AAM process proceeds as follows: 

Stakeholders start with making AAs. Since it is difficult to draw a line between 
making new AAs and identifying existing AAs, we include both situations in AA 
Making. This activity can be conducted either individually or as a team. For 
example, in Chapter 3, we found that some practitioners usually use brainstorming 
to make AAs collaboratively as a team. After making or identifying AAs, 
stakeholders continue this activity through analyzing the properties of each AA. 

After AA Making, the next step is AA Description. The aim of this activity is to 
document details of each AA made, including a basic description of what the AA 
is, rationale behind the AA, and related AAs or other types of artifacts. The 
framework we proposed for AA Description (see Chapter 6) can be used as a 
reference template in this activity. Furthermore, AA Description can be conducted 
either individually or as a team. 

The AAM process moves to AA Evaluation. The focus of this activity is to verify 
whether the AAs made and described are correct and precise, especially 
considering the validity of each AA. Normally AA Evaluation should be 
performed as a team, and includes various types of stakeholders (e.g., 
requirements engineers and architects). 

There could be no problems identified from AA Evaluation, and therefore, no 
further steps would be taken for the evaluated AAs. Otherwise, the AAM process 
moves from Evaluation to Maintenance. The problems (e.g., an AA was evaluated 
as invalid or conflicted with a requirement) found in Evaluation are addressed in 
Maintenance (e.g., modifying invalid AAs to fit their new context). 

As mentioned in literature (e.g., [91][107][108]), architectural documentation is 
usually not up-to-date, which leads to a multitude of issues, such as information 
erosion. Therefore, after AA Maintenance, there is a need to update the related 
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documents, i.e., back to AA Description. Detailed guidelines of the AAM process 
can be found in Table 24. 

 

 
Fig. 13. AAM process in AA management activities 

 

The AAM process is flexible and customizable. For example, stakeholders can 
conduct AA Making and Description at the same time (see Fig. 14); after making 
AAs, stakeholders can skip AA Description (e.g., describing AAs in a document), 
and directly evaluate the AAs by discussing them face-to-face in a meeting (see Fig. 
14); or they can extend the AAM process by adding supporting AA management 
activities. 
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Fig. 14. Two adapted AAM processes 

 
Table 24 lists the guidelines of the AAM process. 
  

Table 24. Guidelines of the AAM process 

Activity Guidelines 

Making Before making AAs, stakeholders in a project should reach a consensus on (a) 
what architectural assumptions are, and (b) how to perform the AAM process. 
The AA Making activity is the first activity to be performed in the AAM process. 
When Making AAs, some AAs may be identified as invalid in the first place, and 
such AAs will not go to the next activity. This will ensure keeping the effort lower 
as documenting every AA is impractical (the cost would be much larger than the 
benefit). If such invalid AAs in a latter phase of software development are 
identified as valid because of, for example a new context, then they are considered 
as new AAs made, and further proceed with the follow-up activities (e.g., 
Description). 
Making explicit AAs (as mentioned in Table 17) is recommended. 
Conducting the AA Making activity as teamwork is recommended. 

Description Describing each valid AA made in AA Making is recommended. 
As keeping AA Description up-to-date is rather effort-intensive, whether the 
description, as well as which part of the description should be kept up-to-date 
depends on project context (e.g., available resources).  
Stakeholders should at least use a template for AA Description.  
ID, Name, Description, State (i.e., valid and invalid), Rationale, Related AAs, and 
Related artifacts are the core elements in AA Description. 
Each AA has a unique ID. 
There should be at least two parts in the ID of an AA (e.g., AA1-1). When an AA 
changes (e.g., from valid to invalid), the second part of the ID should also change 
(e.g., from AA1-1 to AA1-2). 
The AAs in AA Description could be either valid or invalid. 
Stakeholders can describe AAs either individually or as a team. 

Evaluation Before evaluating AAs, a presentation of the overview of the project is 
recommended. 
Evaluating each AA made in AA Making is recommended. 
After evaluating an AA, there could be four types of results: (a) no problems are 
found regarding the AA; (b) the AA is problematic (e.g., invalid); (c) the 
uncertainty of the AA is eliminated (i.e., it is no longer an assumption and to be 
transformed, see Point (2) of Maintenance in this table); and (d) unable to evaluate 
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the AA because of, for example, the lack of information. 
The outputs of AA Evaluation should include the decision of whether an AA 
needs to be maintained. 
Conducting the AA Evaluation activity as teamwork is recommended. 

Maintenance Maintaining problematic AAs is recommended (see Point (3)-(b) of Evaluation in 
this table). 
If an AA transforms to another type of artifact, it includes two steps: (a) turning to 
be invalid, and (b) transforming to another type of artifact. 
Stakeholders can maintain AAs either individually or as a team. 

General The relationships between two AAs or an AA and another type of artifact (e.g., 
requirement and design decision) can be zero, one, or multiple. 
The relationships between two AAs or an AA and another type of artifact (e.g., 
requirement and design decision) can be unidirectional or bi-directional. 
AA management needs to be performed from the early phases of software 
development (e.g., requirements engineering or software design). 
The lifecycle of AA management spans the whole software development lifecycle. 
Using a dedicated approach (e.g., a framework based on ISO/IEC/IEEE Std 
42010-2011 [1]) with tool support (e.g., a tool that implements the framework) to 
manage AAs is recommended. Such approaches can help to, for example, reduce 
manual effort, keep documentation up-to-date, ensure the output quality of the 
AAM activities, or handle the intertwined relationships between AAs and other 
types of software artifacts. 
Turning an AA from valid to invalid is not equal to removing the AA, i.e., such 
invalid AA can still be retained in the system design. 

 

4.3.3 An example of using the architectural assumption 
management process 

We will walk through the usage of the AAM process using a simple but real 
industrial example from the domain of Internet of Things. Consider a system that 
manages a number of gas cylinders, trucks used to carry the gas cylinders, and 
drivers that drive the trucks. Functions of the system include identifying gas 
cylinders and tracking details of each gas cylinder (e.g., expiry date). There is a Gas 
Cylinder Identification Component in the system, which is used to identify gas 
cylinders.  

In AA Making, the stakeholders made an AA that gas cylinders can be 
identified through three different ways: active tags, passive tags, and barcodes. 
Accordingly, they further came up with three AAs based on the AA made: “Active 
Tags Identification” (i.e., using active tags is a suitable solution for gas cylinders 
identification), “Passive Tags Identification” (i.e., using passive tags is a suitable 
solution for gas cylinders identification), and “Scanning Barcodes” (i.e., using 
barcodes is a suitable solution for gas cylinders identification), and analyzed the 
properties of each AA (e.g., rationale). 

Next, the stakeholders documented the three AAs according to their discussion, 
using a MS Word template. There are various approaches for AA Description. For 
example, we proposed an Architectural Assumption Documentation Framework 
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(see Chapter 6), comprising four viewpoints to address different concerns of 
stakeholders (e.g., evolution of each AA). 

Moving to AA Evaluation, “Scanning Barcodes” and “Active Tags Identification” 
were identified as invalid, i.e., they were not accepted as true as the identification 
of gas cylinders with barcodes and active tags proved unsuitable. On the contrary, 
“Passive Tags Identification” was evaluated as valid.  

Later in AA Maintenance, “Scanning Barcodes” and “Active Tags Identification” 
were decided to be removed. Then the stakeholders further updated the 
information in the related documents. 

4.3.4 Integrating architectural assumption management in 
software development 

AAs are intertwined with various software artifacts, such as requirements, 
design decisions, and components (see Chapter 3). AA management is not a 
standalone process, but should be connected with existing software development 
activities (e.g., requirements engineering and design). Since AA is architectural in 
nature, Table 25 shows an example regarding the integration of the AAM process 
within the general architecting process [88][109]. Note that “++” means that the 
related AAM activity should be conducted along with the respective architecting 
activity, and “+” denotes that the related AAM activity could be optional. 

 
Table 25. Employing AA management in the architecting process 

 Analysis Synthesis Evaluation Implementation Maintenance 

Making ++ ++ + + + 

Description ++ ++ + + ++ 

Evaluation + + ++ + + 

Maintenance + + + + ++ 

 

Architectural Analysis aims to define problems that need to be addressed by the 
architecture, through identifying a set of architectural significant requirements. 
Architectural Synthesis aims to make design decisions regarding the architectural 
significant requirements identified in Architectural Analysis. AA Making and 
Description should be conducted together with Architectural Analysis and 
Synthesis. For example, when identifying architectural significant requirements or 
making architectural design decisions, stakeholders can come up with a set of AAs 
that the requirements and decisions are based on. Furthermore, Architectural 
Evaluation ensures the correctness of the decisions made in Architectural 
Synthesis; thus AAs can be assessed within Architectural Evaluation. As an 
example, consider using ATAM [115] to evaluate an architecture: besides 
sensitivity points, tradeoff points, and risks, another output of ATAM can be the 
validity of AAs. Architectural Implementation realizes the architecture by creating 
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a detailed design. All the AAM activities (e.g., making AAs) are optional in 
Architectural Implementation. As an example, stakeholders can still make new 
AAs or revisit existing AAs when implementing the architecture. Finally, 
Architectural Maintenance concerns the changes of the designed architecture. 
When maintaining the architecture, stakeholders can decide which AAs should be 
adapted as well as the solutions for maintenance (i.e., AA Maintenance), and then 
update the related documentation (i.e., back to AA Description). Moreover, as we 
mentioned in the guidelines of the AAM process (see Table 24 in Section 4.3.2), a 
dedicated approach (e.g., a documentation framework) is recommended for 
managing AAs. For example, we proposed the Architectural Assumption 
Documentation Framework in Chapter 6. The framework provides a template to 
document the details (e.g., pros and cons) of each AA, supports stakeholders to get 
an overview of relationships between AAs, traces AAs to other types of software 
artifacts (e.g., requirements and design decisions), and monitors the lifecycle of AA 
in software development. 

4.3.5 Related work on architectural assumption 
management 

According to the results of our previous systematic mapping study on 
assumptions and their management in software development (see Chapter 2), all 
the identified assumption management approaches are related to individual 
assumption management activities (e.g., Description). However, there is no work 
that explicitly proposes a general assumption management process, comprised of a 
set of assumption management activities. In this section, we discuss three types of 
representative assumption management approaches. More details about related 
work on assumptions and their management can be found in (see Chapter 2). 

Assume-guarantee reasoning is designed specifically for system verification. 
Considering there is a need to verify whether a system satisfies a property, instead 
of verifying the entire system, assume-guarantee reasoning decomposes the 
system into components (i.e., which are smaller and easier to verify), generates an 
assumption for a component that guarantees the property, checks whether the 
other components satisfy the assumption, and then comes up with the results of 
the verification. There are different variations of assume-guarantee reasoning. For 
example, Nam et al. [105] mentioned the following process of assume-guarantee 
reasoning: (1) decomposing a system S into components M1, M2, … , Mn; (2) 
identifying an assumption Ai (i= 1, 2, … , n) for each component; and (3) verifying 
whether the assumptions are appropriate for proving the satisfaction of the 
property by system S. 

Assumption Description framework and language. There are several 
frameworks designed for Assumption Description. For example, Van Landuyt and 
Joosen [13] proposed a metamodel and an instantiation strategy based on quality 
attribute scenarios and use cases to document AA. Another way to document 
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assumptions in software development is to use specific languages. For example, 
Seater et al. [53] used Alloy (a modeling language) to express assumptions. 

Assumption management system. Assumption management systems (AMSs) 
usually support one or several assumption management activities. However, such 
systems are not accompanied by an explicit assumption management process, i.e., 
they do not specify the rationale, flows, inputs, and outputs of the process. For 
example, Lewis et al. [7] proposed an AMS in software development with the focus 
on managing assumptions from source code. Their AMS is related to six 
assumption management activities: Assumption Making, Description, Evaluation, 
Maintenance, Searching, and Organization. Nevertheless, the assumption 
management process employed behind the AMS is implicit. 

4.4 Case study 
We followed the guidelines proposed by Runeson and Höst [80] to design and 

report on this case study. 

4.4.1 Goal and research questions 
The goal of the case study is to analyze the AAM process for the purpose of 

evaluation with respect to ease of understanding and effort of conducting the 
AAM process, effectiveness of using the AAM process to make AAs explicit, 
identify and reduce invalid AAs from the point of view of junior software 
engineers in the context of requirements engineering and software architecture 
design. The five aspects are detailed below: 

Ease of understanding the AAM process. This aspect includes both the ease of 
understanding individual AA management activities and the entire AAM process. 
If the AAM process is not easy to understand and instead requires a steep learning 
curve, practitioners may hesitate to adopt it. 

Effort of conducting the AAM process. This aspect includes both the effort of 
conducting individual AA management activities and the entire AAM process. 
Conducting the AAM process in software development requires certain effort. 
However, stakeholders usually need to balance the effort spent on different tasks 
(e.g., requirements engineering and architecting tasks), and the resources for AA 
management are usually limited. It would be a problem if stakeholders have to 
spend much effort on using the AAM process. 

Effectiveness of using the AAM process to make AAs explicit. AAs are usually 
implicit in projects, which may cause many problems (e.g., architectural 
misunderstanding); thus making AAs explicit is of paramount importance in 
software development. In this case study, making AAs explicit means that the 
relevant stakeholders in a group (i.e., those that need to know, such as the 
development team) are aware of the AAs made. 

Effectiveness of using the AAM process to identify invalid AAs. Invalid AAs 
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may negatively impact software development, as evidenced in our systematic 
mapping study (see Chapter 2), in which we identified eight types of problems 
caused by invalid assumptions, such as system vulnerabilities and system failures. 
In this case study, we aimed to evaluate whether the AAM process can help to 
identify invalid AAs. 

Effectiveness of using the AAM process to reduce the number of invalid AAs. 
Since invalid AAs may negatively impact software development, it is necessary to 
reduce the number of invalid AAs in projects. In this case study, we aimed to 
evaluate whether the AAM process can help to reduce the number of invalid AAs. 

The research questions (RQs) of this study, which are formulated based on the 
aforementioned five aspects, are presented below: 

RQ1: How easy is it to understand the AAM process? 

RQ2: What is the effort required for conducting the AAM process? 

RQ3: Does the AAM process effectively help to make AAs explicit? 

RQ4: Does the AAM process effectively help to identify invalid AAs? 

RQ5: Does the AAM process effectively help to reduce invalid AAs? 

Data collection procedure (e.g., how to measure the effectiveness) is further 
presented in Section 4.4.3. 

4.4.2 Case and subject selection 
Since the AA concept is rather subjective, this means that AA management (e.g., 

AA Making) is to some extent subjective in software development. Therefore, it is 
difficult to conduct a comparative study in which certain groups use the AAM 
process, while the other groups use an ad-hoc approach in AA management. 
Specifically, we argue that it is unrealistic to compare the quantitative results 
among different groups in the context of the course project (i.e., each group had a 
different project) as well as the RQs defined in this chapter. For example, metrics 
such as the number of invalid AAs identified by each group cannot be used for 
indicating the effectiveness of using the AAM process to identify invalid AAs. 
Instead, we focused on presenting and analyzing both quantitative and qualitative 
data (e.g., using Constant Comparison for the analysis of qualitative data, see 
Section 4.4.4). Furthermore, this case study is explanatory [80], because it focuses 
on evaluating the AAM process in AA management based on the five aspects 
mentioned in Section 4.4.1. 

4.4.2.1 Case and subjects description 

A case is a contemporary phenomenon in its real-life context [82]. The 
borderline between the types of studies is not always distinct, as the term “case 
study” is used for various kinds of studies [19]. In this chapter, one case (i.e., a 
course project) was conducted at Wuhan University in China with 22 groups of 
first-year master students on software engineering (4 students per group, 88 
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students in total), who took the requirements engineering and software 
architecture course given by the second author during the autumn semester from 
20/09/2016 to 29/11/2016. All students were Chinese speakers (the related threat 
is discussed in Section 4.7). We considered this study as a preliminary evaluation 
of the AAM process, which is necessary and beneficial for further evaluation (e.g., 
a longitudinal study) [96]. 

We used a questionnaire to collect background information of the subjects (see 
Section 4.4.3). Most of the subjects (74 out of 88, 84.1%) had been involved in at 
least one academic software engineering project (e.g., course and bachelor projects). 
33 subjects (out of 88, 37.5%) had participated in at least one industry project (i.e., 
working in a team for industry to develop software-intensive systems). 
Furthermore, we also asked the subjects if they had worked in open source 
software community. 6 subjects (out of 88, 6.8%) stated that they had experience in 
open source software development.  

The majority of the subjects (65 out of 88, 73.9%) had taken software engineering 
courses. 18 subjects (out of 88, 20.5%) attended software development competitions 
(e.g., working in a team and developing a software system in the domain of 
Finance16), and 3 subjects (out of 88, 3.4%) acquired the certification of Software 
Designer (in Chinese)17. Furthermore, we also asked the subjects whether they had 
ever received any professional training (i.e., excluding the courses at universities) 
related to software engineering. 7 subjects (out of 88, 8.0%) stated that they had 
such training.  

To summarize, the vast majority of the subjects (80 out of 88, 90.9%) were 
educated in software engineering at the undergraduate level and had a certain 
level of project experience. Only 8 subjects (out of 88, 9.1%) had never participated 
in any software project (i.e., academic, industry, or open source projects), and had 
never attended any course of software engineering. To ensure that these 8 students 
would not affect the results, we grouped the students according to their student 
numbers, and allocated these 8 subjects to different groups. 

In this study, each group was asked to develop a project document (including a 
requirements engineering, architecture design, and AA management document) as 
the final deliverable of the course project; some of these student projects will 
continue at a business incubation center funded by Wuhan University after 
finishing the course. The course project taken by each group was proposed by 
another group in terms of role playing. For example, as shown in Fig. 15, Group C 
proposes Project 1, and Group A makes a bid for this project. Thus for Project 1, 
Group C acts as the customer team, while Group A plays the role of the 
development team. There were 22 different projects in this case study. Since the 
focus of this study is AA management, background information of each project 

                                                           
16 http://www.citigroup.com/china/csts/EducationProgram/AboutEducation_CFCcn.html 

17 http://www.ruankao.org.cn/ 
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(e.g., introduction of each project) is not included in this chapter. Furthermore, the 
deliverables of each project were checked by the first and second author every two 
weeks (i.e., four iterations in total) to help the subjects reduce misunderstandings 
regarding the templates provided by the researchers (see Table 92 in Appendix B.1) 
and to give each group a grade of their reports (i.e., four grades per group in total). 
In order to not bias the subjects, we had introduced all the details of the AAM 
process before the case study (i.e., the course project), and we did not suggest 
anything to the subjects regarding how to apply the AAM process during the case 
study. We focused on grading as well as improving readability of their reports. For 
example, some groups put two versions of the same AA in two sections of the 
report; we asked them to put different versions of an AA into the same section. 
Moreover, during the study, we did not change anything of the AAM process 
design. Note that the subjects did not know their grades until they finished their 
projects. 

 

 
Fig. 15. An example of role playing 

 

4.4.2.2 Treating students as subjects 

The research community has long debated on the scientific value of treating 
students as subjects in experiments, case studies, etc. [97]. Sjøberg et al. [102] 
conducted a survey on the state of how software engineering controlled 
experiments were conducted and reported (103 out of 5453 papers selected from 12 
leading software engineering venues). There were 113 controlled experiments and 
5488 subjects from the selected papers, and 87% of the subjects were students. In 
the domain of software engineering, there could be a significant difference in 
experience between practitioners and students. However, as mentioned by Host et 
al. [94], for some tasks (e.g., in the context of project impact assessment and risk 
management), software engineering students can be considered equal to 
practitioners. As an example, in the context of the Personal Software Process (i.e., a 
structured process for personalized software development), Runeson [98] found 
that there was a difference between freshmen students and graduate students, but 
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there were no conclusive results on the differences between graduate students and 
practitioners. Berander [99] also pointed out that for some tasks (e.g., identifying 
trends and behaviors), students could be suitable subjects. For example, the author 
found that the requirements prioritizations made by students and practitioners 
could be similar under certain conditions. Galster et al. [101] conducted three 
studies with graduate students in software architecture courses. Their findings 
indicate that there are some challenges when treating students as subjects. 
However, graduate students were able to perform architecting activities, and 
empirical studies with graduate students could be considered as useful and valid 
research approaches.  

Among the studies that treated students as subjects, there are two studies 
similar to our study, i.e., including architecting tasks. van Heesch et al. [95] 
conducted a comparative multiple case study with four teams of senior software 
engineering students who took the software factory course. They mentioned that 
involving students in empirical studies could lead to issues (e.g., generalizability), 
and they used the guidelines proposed by Carver et al. [96] to alleviate the related 
risks. Tofan et al. [100] conducted a case study with 7 graduate students and 13 
practitioners, and an experiment with 113 graduate and undergraduate students 
who took the software architecture course. They also discussed the problems of 
treating students as subjects, and they used the same checklist proposed by Carver 
et al. [96]. Similarly, in this chapter, we conducted a case study with 88 first-year 
graduate students on software engineering, who took the requirements 
engineering and software architecture course. We also applied the checklist from 
Carver et al. [96] to ensure that the case study contributed to the students’ 
education and the students were committed to the study. The checklist can be 
found in Appendix B.4. 

4.4.2.3 Case study procedure 

The procedure of the case study comprises three steps with five tasks. 

Step 1: Preparation 
T1. Each group proposed a software project, and made a bid for a project 

proposed by another group. The proposed projects were reviewed by the first and 
second author, based on their industry and teaching experience, to make sure that 
the projects were sufficiently different from each other and non-trivial. 

T2. The researchers prepared the case study design and documents of the 
tutorial, and collected background information from each subject through a 
questionnaire (see Section 4.4.3). 

T3. The researchers gave a tutorial to help the subjects understand the concept 
of AA, the AA management activities, and the AAM process; had a discussion 
with the subjects regarding these three topics after the tutorial to ensure that the 
subjects had a sufficient basis to conduct the case study. The researchers also 
elaborated the tasks that the subjects needed to perform and the schedule of the 
case study. 
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Step 2: Execution 
T4. The subjects used the AAM process to manage AAs in their projects. Since 

there were no dedicated tools for the AAM process, we asked the subjects to use 
MS Word. We also provided the subjects a template for their AAM reports (see 
Table 92 in Appendix B.1). Except for the template, we did not offer the subjects 
any other approach for conducting individual AA management activities. Every 
two weeks the groups were asked to submit a new version of their AAM reports. 

Step 3: Data collection 
T5. In the last week of the course, each subject was asked to fill in a 

questionnaire (see Section 4.4.3) and attend a focus group, which were used to 
answer the RQs. As mentioned by Kontio et al. [104], the typical number of subjects 
in a focus group is between 3 and 12, and therefore, we organized eleven focus 
groups (i.e., two project groups of the subjects per focus group). 

Table 26 shows the relationships among tasks, who were involved, inputs and 
outputs of each task, and the related RQs. 

 
Table 26. Relationships among tasks, who were involved, inputs and outputs of the tasks, and the RQs 

Part Task Who Inputs Outputs RQs 

Part 1 T1 Researchers 
and subjects  

Documents of project 
proposal 

Documents of project 
selection 

N/A 

T2 Researchers 
and subjects 

Documents of the AAM 
process (e.g., the AAM 
process design and a 
questionnaire for 
collecting background 
information) 

Case study design 
Tutorial materials of the 
AAM process 
Results of background 
information 

N/A 

T3 Researchers 
and subjects 

Case study design 
Tutorial materials of the 
AAM process 

Questions and answers 
regarding the course 

N/A 

Part 2 

T4 Researchers 
and subjects 

Tutorial materials of the 
AAM process 
Documents of project 
selection 

AAM reports 
Questions and answers 
regarding the course 

RQ3, 
RQ4, 
RQ5 

Part 3 T5 Researchers 
and subjects 

Questionnaires and focus 
groups for the RQs 

Results of the 
questionnaires 
Results of the focus 
groups 

RQ1, 
RQ2, 
RQ3, 
RQ4, 
RQ5 

 

4.4.3 Data collection procedure 
There are certain techniques to collect data in empirical studies [16]. As an 

example, Shull et al. [16] classified the techniques into three types: direct, indirect, 
and independent techniques. Considering the context of this study, we decided to 
use three data collection methods: questionnaire, focus group, and documentation 
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analysis to answer the RQs. Interview was not included because it would be 
extremely resource-intensive (88 subjects), which could not be achieved in a 
realistic time frame. Collecting data from the three data sources to answer the RQs 
helps to improve the validity of the case study through data source triangulation 
[19]. 

Questionnaire: We asked each subject in the preparation phase to fill in 
Questionnaire A (see Table 93 in Appendix B.2 and Table 95 in Appendix B.3), 
which was used to collect background information of the subjects. We also asked 
each subject in the last week of the course to fill in Questionnaire B (see Table 94 in 
Appendix B.2 and Table 97 in Appendix B.3), which is structured according to the 
RQs. 

Focus group: The focus groups aimed at encouraging the subjects to discuss 
further the AAM process in AA management. The researchers organized the 
discussion according to the RQs. 

Documentation analysis: The AAM report is comprised of five parts (see Table 
92 in Appendix B.1 and Table 96 in Appendix B.3). To quantitatively measure the 
effort of conducting individual AA management activities in the case study, the 
subjects were asked to explicitly record the time (per subject) they spent on each 
AA management activity in their AAM reports (see Table 92 in Appendix B.1). 
Furthermore, we also provided the subjects a template for AA Description (see 
Table 91 in Appendix B.1). 

4.4.4 Units of analysis and data analysis procedure 
The case is the course project. We initially checked the quality of their reports to 

ensure that the subjects had understood the process well enough to provide a 
reliable opinion. The reports were not analyzed further, as we focused on the 
opinions of the subjects on the AAM process. To answer the RQs, we used 
questionnaire, focus group, and documentation analysis for data collection; the 
students were not only the subjects, but also the units of analysis. Therefore, the 
study was a single and embedded case study [80]. 

We used descriptive statistics for quantitative data (e.g., background 
information of the subjects) and Constant Comparison [20] to analyze qualitative 
data (i.e., iteratively generating concepts and categories to answer the RQs). 
Constant Comparison provides a systematic way to generate, for example, 
concepts from incidents, and a continuous process of verification of the generated 
concepts and categories [20]. In this study, we followed the guidelines proposed by 
Adolph et al. [50] to iteratively perform the process. We coded the extracted data as 
incidents, compared these incidents to each other to generate concepts, and further 
performed comparison among incidents and concepts to generate categories. 
MAXQDA18 was used as the tool for qualitative data analysis. The first author was 

                                                           
18 http://www.maxqda.com/ 
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responsible for the whole analysis process, while in each iteration, the second 
author checked the data (including the generated incidents, concepts, and 
categories). In the end of each iteration, the first and second author had a meeting 
to address conflicts (e.g., whether a piece of data is correctly coded), and then the 
first author maintained the data according to the review and discussion. In the last 
iteration, the third author was involved to check the final results. 

The relationships among the data collection methods, data analysis methods, 
and RQs are shown in Table 27. 

 
Table 27. Relationships among the data collection methods, data analysis methods, and RQs 

Data collection method Data analysis method RQs 

Questionnaire Descriptive statistics and Constant 
Comparison 

Background information, RQ1, 
RQ2, RQ3, RQ4, RQ5 

Focus group Constant Comparison RQ1, RQ2, RQ3, RQ4, RQ5 

Documentation analysis Descriptive statistics and Constant 
Comparison 

RQ2, RQ4 

 

Note that we had explicitly mentioned to the subjects that all the data items 
using Likert Scales could be considered as interval variables. For example, in a 
five-point interval Likert Scale, the difference between 1 and 2 is exactly the same 
as the difference between 4 and 5. This allows us to calculate means and standard 
deviations, which would not be possible with an ordinal scale. Showing means 
and standard deviations helps to better understand the results for a large audience 
[111]. This practice has been observed in several studies that considered Liker 
Scale items as interval variables (e.g., [110][112][113][114]). 

4.5 Results 
This section presents the results of the RQs.  

4.5.1 Results of RQ1 – easy to understand 
As shown in Fig. 16 (note that 1 = “Very difficult” and 5 = “Very easy”), the 

majority of the subjects thought that the ease of understanding individual AA 
management activities and the entire AAM process were moderate (i.e., “3”), 
except for AA Evaluation (34 subjects chose “4”, while 33 subjects chose “3”). Table 
28 shows the means and standard deviations of the results in Fig. 16. Considering 
the number of the subjects who chose “4” or “5” in Fig. 16, understanding AA 
Description (45 out of 88, 51.1%) and Evaluation (43 out of 88, 48.9%) are easier 
than AA Making (29 out of 88, 33.0%) and Maintenance (i.e., 33 out of 88, 37.5%); to 
some extent, understanding the AAM process is easy, i.e., 30 subjects (out of 88, 
34.1%) who chose “4” or “5” versus 14 subjects (out of 88, 15.9%) who chose “1” or 
“2”.  
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The subjects mentioned a couple of reasons that hamper understandability of 
the AAM process. First, AAs and their management (e.g., usage of the AA concept, 
distinguishing between AAs and other types of software artifacts, and 
understanding the motivation of managing AAs) are not commonly applied in 
software development. For example, one subject stated that: “AA is a very abstract 
concept and needs certain effort to understand it. Some terms related to AA seem to be 
directly translated from English to Chinese, which are not easy to understand.” Second, 
the subjects stated that there was a lack of practice and experience for managing 
AAs in projects, and materials regarding learning AAs as well as their 
management. For example, one subject stated that: “except for the course materials 
(e.g., the PPT slides), we didn’t find much information of AAs and their management in 
Chinese from other sources (for example the Internet), which increased the difficulty of 
understanding the AAM process.” 
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Fig. 16. Ease of understanding the AA management activities and process 

 
Table 28. Means and standard deviations of ease in understanding the AA management activities and 

process 

 Making Description Evaluation Maintenance AAM 
process 

Mean 3.15 3.53 3.45 3.27 3.18 

Standard 
deviation 

0.90 0.90 0.86 1.00 0.74 

 

4.5.2 Results of RQ2 – required effort 
As shown in Fig. 17 (note that 1 = “Very time-consuming” and 5 = “Not time-

consuming”), most of the subjects agreed that the effort of conducing individual 
AA management activities and the entire AAM process was moderate (i.e., “3”). 
Table 29 shows the means and standard deviations of the results in Fig. 17. 
Considering the number of the subjects who chose “4” or “5” in Fig. 17, the 
required effort of AA Description (34 out of 88, 38.6%) and Maintenance (30 out of 
88, 34.1%) are less than AA Making (13 out of 88, 14.8%) and Evaluation (i.e., 19 
out of 88, 21.6%); to some extent, conducting the AAM process is time-consuming, 
i.e., 36 subjects (out of 88, 40.9%) who chose “1” or “2” versus 9 subjects (out of 88, 
10.2%) who chose “4” or “5”.  

The subjects identified a number of reasons regarding the required effort of 
using the AAM process and how it could be improved: 

(1) The communication within a development team as well as with their 
customer team was not always efficient and effective. For example, as one subject 
put it: “My group members always had different opinions regarding AAs, and the 
communication between us was rather inefficient. Therefore, we had to spend more time to 
reach a consensus.”  

(2) There was a lack of specific approaches for each AA management activity. 
For example, as one subject stated: “Though we understood what AA Making and 
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Evaluation are, we did not know how to make or evaluate AAs exactly in the first place, so 
it took us certain time to come up with an approach for AA Making and Evaluation.” 

(3) The output quality of the AA management activities could be low. For 
example, as one subject mentioned: “AA Making and Description were the basis of AA 
management: sometimes we neither made AAs clearly nor described AAs in detail, which 
made, for example, AA Evaluation difficult to perform.” 

(4) Before conducting the AAM process, the subjects needed to spend certain 
time on understanding the process (including the AA concept). For example, as 
one subject put it: “The effectiveness of conducing the AAM process depended on the 
understanding of the AA concept. Without a fair understanding of the AA concept, it made 
AA Making difficult to perform, and it was difficult for the group members to reach an 
agreement in AA Evaluation.” 

(5) Several groups had a large number of AAs in their projects, which took 
them certain effort to manage the AAs. For example, as one subject stated: “Because 
we had a lot of AAs to manage, it took us much effort in, for example, AA Maintenance.” 

(6) AAs were intertwined with other types of software artifacts (e.g., 
requirements and design decisions) in the projects, and the effectiveness of 
managing these artifacts influenced the effort of conducting the AA management 
activities. As one subject mentioned: “Other types of software artifacts were not always 
well managed, which led to the increased effort of conducting the AAM process.” 

(7) Some subjects did not have much experience (e.g., architecting and project 
experience). As one subject explained: “Without much project experience, it took us 
more time to understand requirements, architecture, etc. when we were making AAs.” 
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Fig. 17. Effort of conducing the AA management activities and process 

 
Table 29. Means and standard deviations of effort in conducting the AA management activities and 

process 

 Making Description Evaluation Maintenance AAM 
process 

Mean 2.64 3.23 2.82 3.05 2.64 

Standard 
deviation 

0.86 0.92 0.86 1.02 0.75 

 

All the subjects logged the time (per subject) they spent on individual AA 
management activities in their AAM reports (see Section 0 of Table 92 in Appendix 
B.1). The results are shown in Fig. 18 (i.e., the time spent on the AAM process) and 
Fig. 19 (i.e., the time spent on each AA management activity). Note that the 
subjects in Group 22 did not provide complete time information in their AAM 
report, as they claimed that they forgot to count the time spent on AA Evaluation 
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and Maintenance, and therefore, we excluded the time data of this group in the 
answers to this RQ. 

 

 
Fig. 18. Time spent on the AAM process by the groups 

 

Most of the groups (12 out of 21, 57.1%) spent 20 to 40 hours on conducting the 
AAM process during the course project, while three groups spent more than 120 
hours, i.e., 30 hours per subject in average. We consider these three groups as 
outliers and further discussed it in Section 4.7. Moreover, Table 30 shows the 
means and standard deviations of hours that the groups spent on the AA 
management activities and process (excluding the aforementioned three groups). 

Concerning the most time-consuming AA management activities according to 
Fig. 19, AA Making (10 of 21, 47.6%) is ahead of the other activities, followed by 
Description (8 out of 21, 38.1%), Evaluation (6 out of 21, 28.6%), and Maintenance 
(6 out of 21, 28.6%). A group can spend equal time on different AA management 
activities (e.g., Group 6 spent equal time on AA Making and Description), and 
therefore, the total number of the most time-consuming AA management activities 
(i.e., 30) is larger than the number of groups (i.e., 21). 
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Fig. 19. Time spent on individual AA management activities by the groups 
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Table 30. Means and standard deviations of hours the groups spent on the AA management activities 

and process 

 Making Description Evaluation Maintenance AAM 
process 

Mean 11.22 
hours 

8.97 hours 9.08 hours 7.23 hours 36.50 hours 

Standard 
deviation 

7.26 4.79 6.93 3.61 11.45 

 

4.5.3 Results of RQ3 – making AAs explicit 
As we noted in Section 4.4.1, making AAs explicit means that the relevant 

stakeholders in a group (i.e., those that need to know, such as the development 
team) are aware of the AAs made; we made this clear to the subjects. We asked the 
subjects whether the AAM process was helpful in making AAs explicit in their 
projects, and most of the subjects (81 out of 88, 92.0%) answered positively to this 
question: 53 subjects (out of 88, 60.2%) chose “1” (i.e., “Very helpful”) and 28 
subjects (out of 88, 31.8%) chose “2” (i.e., “Helpful”).  

Furthermore, we also asked the subjects to list the most helpful AA 
management activities in making AAs explicit. Note that we clearly mentioned to 
the subjects that they could choose zero, one, or multiple activities when 
answering this question. As shown in Table 31, AA Evaluation is far ahead from 
the other AA management activities. For example, as one subject mentioned: “I 
think AA Evaluation was the most helpful AA management activity for us to make AAs 
explicit because during Evaluation, if you want to evaluate an AA correctly and efficiently, 
you have to first get a fair understanding of this AA. Otherwise, you cannot evaluate it.” 

For those subjects who agreed that AA Making, Description, and Maintenance 
are the most helpful AA management activities in making AAs explicit, their 
reasons are various. For example, a typical answer is: “AA Description helped me to 
understand the AAs made, because Description aims to decrease the abstract nature of AAs, 
and make AAs clear.” 

On the other hand, there are subjects that disagreed that certain AA 
management activities can help them in making AAs explicit. For example, one 
subject who did not choose AA Description stated: “we described AAs independently 
and then discussed with other members. However, the description of the AAs from other 
members was vague and I could not understand some of them. This did not help to make 
AAs explicit.” Furthermore, efficient communication with group members and the 
customer team when conducting the AAM process is of paramount importance in 
making AAs explicit: “If there is a lack of communication between us, it would make 
information sharing rather difficult.” 
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Table 31. The most helpful AA management activities in making AAs explicit 

Making Description Evaluation Maintenance 

47 (53.4%) 50 (56.8%) 78 (88.6%) 37 (42.0%) 

 

4.5.4 Results of RQ4 – identifying invalid AAs 
We asked the subjects whether the AAM process was helpful in identifying 

invalid AAs in their projects, and most of the answers to this question (78 out of 88, 
88.6%) are positive: 44 subjects (out of 88, 50.0%) considered that the AAM process 
was very helpful (i.e., “1”) while 34 subjects (out of 88, 38.6%) thought it was 
helpful (i.e., “2”).  

Furthermore, we also asked the subjects to list the most helpful AA 
management activities in identifying invalid AAs in their projects. We explicitly 
mentioned to the subjects that they could choose zero, one, or multiple activities 
when answering this question. As shown in Table 32, all the subjects except one 
agreed that AA Evaluation was the most helpful for them to identify invalid AAs, 
while AA Maintenance is in the second position. One of the subjects stated very 
explicitly: “The nature of AA Evaluation is to identify invalid AAs.”  

There are also subjects that chose AA Making, Description, and Maintenance as 
the most helpful AA management activities in identifying invalid AAs. For 
example, one subject mentioned: “During AA Making, I could already find some 
invalid AAs.”  

On the other hand, there are subjects that disagreed that certain AA 
management activities can help them in identifying invalid AAs. For example, one 
subject who did not choose AA Making and Description stated: “You cannot 
completely understand an AA during Making and Description. Only during Evaluation 
and Maintenance, you can decide whether the AA is invalid or not.” Moreover, 
understanding of the AAs made as well as the project context can influence 
identifying invalid AAs: “If I did not understand an AA as well as the related context of 
the AA, such as related artifacts, I would be hesitating to decide whether the AA was 
invalid or not.” The subjects further emphasized that efficient communication when 
conducting the AAM process can help to reduce the risk of incorrect judgments on 
AAs: “Involving everyone of the team in the discussion helped us to understand an AA 
from different perspectives, and therefore, helped us to make an informed and more 
reasonable decision about the validity of the AA.” 

 
Table 32. The most helpful AA management activities in identifying invalid AAs 

Making Description Evaluation Maintenance 

13 (14.8%) 25 (28.4%) 87 (98.9%) 43 (48.9%) 
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In their AAM reports, all the groups identified a number of invalid AAs, 
ranging from 2 to 29 (average: 8; standard deviation: 6.06), as shown in Fig. 20. 
Note that an AA can evolve over time, and therefore, an AA may turn to be invalid 
zero, one, or several times during its lifecycle. For example, consider the following 
iterations: 

Iteration 1: A valid AA is made and described as, for example, AA1-1. 

Iteration 2: AA1-1 is evaluated as invalid (i.e., AA1-2). 

Iteration 3: AA1-2 is maintained and turns to be valid (i.e., AA1-3). 

Iteration 4: AA1-3 is further evaluated as invalid (i.e., AA1-4). 

This is why, for example, Group 11 only described 27 AAs in their AAM report 
(see Fig. 21), but 29 invalid AAs were identified. 

 

 
Fig. 20. Number of invalid AAs identified by the groups 

 

Fig. 21 shows the number of AAs described by each group in the AAM reports, 
ranging from 8 to 32 (average: 16; standard deviation: 6.00). Most of the groups (15 
out of 22, 68.2%) had 11 to 17 AAs, 3 groups (out of 22, 13.6%) described less than 
10 AAs, and 4 groups (out of 22, 18.2%) documented more than 20 AAs in their 
projects. The proportion of the invalid AAs identified to the AAs described in the 
AAM reports of the 22 groups ranges from 9.4% (i.e., Group 12) to 107.4% (i.e., 
Group 11). 

The purpose of Fig. 20 and Fig. 21 is to provide an overview of the AAs made as 
well as the invalid AAs identified by each group. We note that the numbers of the 
22 groups in these two figures are not comparable, since the AA concept is 
subjective and the project context differs from each other. 
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Fig. 21. Number of AAs described by each group in the AAM reports 

 

4.5.5 Results of RQ5 – reducing invalid AAs 
Most of the subjects (77 out of 88, 87.5%) stated that using the AAM process 

could help in reducing the number of invalid AAs in their projects: 37 subjects (out 
of 88, 42.0%) considered that the AAM process was very helpful (i.e., “1”) and 40 
subjects (out of 88, 45.5%) thought it was helpful (i.e., “2”). Note that we explicitly 
mentioned to the subjects that they could choose zero, one, or multiple activities 
when answering this question. For the most helpful AA management activities in 
reducing invalid AAs, AA Evaluation is the dominant one, followed by 
Maintenance, as shown in Table 33. For example, as one subject stated: “During AA 
Evaluation, we would identify some invalid AAs, and then as a natural step, we would 
focus on maintaining these invalid AAs.” For those subjects who chose AA Making 
and Description as the most helpful AA management activities in reducing the 
number of invalid AAs, one typical answer is: “When I was making AAs, I tried to be 
careful and spend more time on thinking; this helped me to reduce invalid AAs in AA 
Making.” On the other hand, there are subjects that disagreed that certain AA 
management activities could help them in reducing invalid AAs. For example, one 
subject who did not choose AA Making explained: “Whether an AA was invalid 
could not be decided during AA Making, and therefore, Making did not help to reduce 
invalid AAs.” As discussed in Section 4.5.3 and 4.5.4, efficient communication is 
also of significant importance in reducing the number of invalid AAs when 
conducting the AAM process: “Communication with team members can help us to 
discuss whether an AA is invalid or not and how to maintain these invalid AAs.” 

 
Table 33. The most helpful AA management activities in reducing the number of invalid AAs 

Making Description Evaluation Maintenance 
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29 (33.0%) 25 (28.4%) 72 (81.8%) 45 (51.1%) 

 

4.6 Discussion 
This section first presents the interpretation of the results of the RQs, and 

subsequently discusses the implications of the results for researchers and 
practitioners. 

4.6.1 Interpretation of results 
As discussed in Section 4.4.2, we note that the quantitative results among 

different groups are not comparable. For example, how many AAs the groups 
made highly depended on how the subjects treated the AA concept and the 
context of the projects (some projects may be prone to have more AAs than the 
others). The results of the study aim at providing an overview of using the AAM 
process (e.g., average effort). 

RQ1 – Ease of understanding the AAM process 

The results of RQ1 indicate that the majority of the subjects thought that the ease 
of understanding the AAM process was moderate. We found no statistically 
significant differences between the ease of understanding individual AA 
management activities and the entire AAM process. Two potential reasons that 
impeded the subjects from understanding the AAM process are: (a) limited usage 
of the concept of AA and their management in software development; (b) lack of 
practice and experience for managing AAs in projects, and materials regarding 
learning AAs as well as their management. Furthermore, the results of RQ1 also 
show that the standard deviation of each AA management activity and the AAM 
process ranges from 0.74 to 1.00, which implies that the opinions of most of the 
subjects on this RQ are uniform. 

RQ2 – Effort of conducting the AAM process 

We measured the required effort for conducting the AAM process through both 
Likert Scale scores and logging the time spent on individual AA management 
activities. The former shows that most of the subjects considered that the required 
effort for conducting the AAM process were moderate, and there are no 
statistically significant differences between the required effort in performing 
individual AA management activities and the entire AAM process. There are 
various factors that impact the effort of conducting the AAM process. For example, 
the subjects stated that it took them certain time to understand the AAM process. 
Furthermore, the standard deviation of each AA management activity and the 
AAM process ranges from 0.75 to 1.02, which implies that the opinions of most of 
the subjects on this RQ are uniform. 

On the other hand, the results of logging the time spent on individual AA 
management activities show that the average time (per group) of conducting AA 
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Description (8.97 hours/group) and Maintenance (7.23 hours/group) are less than 
AA Making (11.22 hours/group) and Evaluation (9.08 hours/group); this is 
consistent with the results from using Likert Scale scores (see the first paragraph of 
Section 4.5.2). One potential reason for the increased effort in AA Making could be 
that during the first iteration of the project, the subjects had to spend certain time 
on understanding the AAM process while making AAs. Furthermore, the average 
of the total time the subjects spent on the AAM process is 36.50 hours, which 
indicates that applying the AAM process in software development requires certain 
effort. However, considering that the usage of the AAM process was during a 
period of two months (from 27/09/2016 to 29/11/2016), and the time can be 
divided among group members (i.e., 9.13 hours per subject and 1.01 hours per 
subject per week), we argue that the effort of conducting the AAM process is 
reasonable.  

RQ3 – Effectiveness of using the AAM process to make AAs explicit 

The results of RQ3 indicate that most of the subjects (81 out of 88, 92.0%) 
thought that the AAM process could help them to make AAs explicit in projects. 
AA Evaluation was identified as the most helpful AA management activity (78 out 
of 88, 88.6%) for making AAs explicit, which is far ahead from the other three 
activities (47, 50, and 37 respectively). One reason could be that AA Evaluation had 
the highest involvement of the subjects in all the AA management activities. As we 
found from the results of the questionnaires and focus groups, the development 
teams employed various strategies in conducting AA Making, Description, and 
Maintenance. For example, the subjects might make and describe AAs 
independently and then discuss with each other in their teams; or they could make 
and describe AAs together as teamwork. However, this is not the case when 
performing AA Evaluation, since all the subjects from a development team and 
their customer team were involved in this activity, which led to the highest 
participation rate. Note that we did not limit the subjects regarding which 
strategies they should use when conducting individual AA management activities 
(e.g., conducing AA Evaluation individually or collaboratively). Another reason 
for AA Evaluation being considered as the most helpful activity for making AAs 
explicit could be that a precondition of evaluating an AA is to have a fair 
understanding of this AA. Therefore the subjects would need, prior to evaluation, 
to understand AAs well enough, which made the AAs explicit. 

RQ4 – Effectiveness of using the AAM process to identify invalid AAs 

The results of RQ4 indicate that the majority of the subjects (78 out of 88, 88.6%) 
considered that the AAM process could help them to identify invalid AAs in 
projects. AA Evaluation is far ahead from the other three AA management 
activities (13, 25, and 43 respectively) for identifying invalid AAs, reaching an 
extremely high level: 87 out of 88, 98.9%. One reason is that the nature of AA 
Evaluation is to ensure that the description and analysis of AAs are correct and 
accurate, driving the subjects to identify invalidity issues in AAs, for example, 
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incorrect descriptions. Furthermore, as we explained in the interpretation of the 
results of RQ3, all the groups adopted the same strategy when performing AA 
Evaluation: the entire development team as well as their customer team was 
involved in this activity. This is another reason that most of the subjects thought 
that AA Evaluation was the most helpful to identify invalid AAs in projects.  

The results of RQ4 further show that the numbers of invalid AAs identified by 
the groups vary significantly, largely because of the varying numbers of AAs the 
groups made and documented (e.g., three groups described less than 10 AAs, 
while four groups documented more than 20 AAs in their AAM reports). 
Furthermore, during software development, AAs may evolve to another type of 
software artifact (e.g., requirements or design decisions). Therefore, a potential 
reason for this significant difference is that the groups changed varying numbers 
of AAs to other types of software artifacts. For example, in the last iteration of the 
project, Group 11 maintained all the AAs in their AAM report into other types of 
artifacts, which led to the identification of 29 invalid AAs. 

RQ5 – Effectiveness of using the AAM process to reduce invalid AAs 

The results of RQ5 indicate that most of the subjects (77 out of 88, 87.5%) 
thought that using the AAM process could help in reducing the number of invalid 
AAs in projects, and AA Evaluation (72 out of 88, 81.8%) is the most helpful AA 
management activity for this aim, followed by AA Maintenance (45 out of 88, 
51.1%). The potential reason that AA Evaluation is dominant in reducing invalid 
AAs is supported by the interpretation of the results of RQ3: AA Evaluation had 
the highest participation rate of the subjects in all the AA management activities. 

Summary of factors for applying the AAM process 

Based on the analysis of the qualitative data from the questionnaires and focus 
groups, we identified a set of factors for applying the AAM process, regarding the 
understanding of the AAM process (RQ1), the effort of conducting the AAM 
process (RQ2), making AAs explicit (RQ3), identifying invalid AAs (RQ4), and 
reducing invalid AAs (RQ5). Being aware of and properly adjusting these factors 
can facilitate the application of the AAM process in projects (e.g., helping to 
identify invalid AAs). These factors are summarized and mapped to the RQs as 
presented in Table 34. 
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Table 34. Factors for applying the AAM process 

Factor Subfactor Description RQs 

Concepts 
understanding 

 A fair understanding of the elements (e.g., the AA concept) in the AAM process can 
help to understand the process better. 

RQ1 

Learning approach  Various approaches were suggested to facilitate the understanding of the AAM 
process, including frequent communication with other stakeholders, learning from 
the tutorial material, following well-designed guidelines, and searching on the 
Internet. 

RQ1 

Practice  More practice of the AAM process, for example, using the process in different 
projects, can improve the understanding of the process. 

RQ1 

Experience in 
managing AAs 

 Previous experience in managing AAs can help to understand the AAM process. RQ1 

AAM process Understanding of the 
AAM process 

A fair understanding of the AAM process can reduce the effort of performing the 
process and help to identify and reduce invalid AAs. 

RQ2, 
RQ4, 
RQ5 

Approaches and tools Dedicated approaches and tools for specific AA management activities can reduce the 
effort of conducting the AAM process, help to make AAs explicit, and facilitate 
identifying and reducing invalid AAs. For example, the importance of 
communicating with team members and customers in an efficient way (e.g., following 
guidelines or using dedicated tools) was frequently mentioned by the subjects. 

RQ2, 
RQ3, 
RQ4, 
RQ5 

Quality of the outputs of 
individual AA 
management activities 

The quality of the outputs of each AA management activity can influence the effort of 
applying the AAM process, making AAs explicit, and identifying and reducing 
invalid AAs. For example, a clear and concise description of AAs can facilitate the 
evaluation of the AAs. 

RQ2, 
RQ3, 
RQ4, 
RQ5 

Division of labor and 
time spent 

Thirteen subjects (out of 88, 14.8%) considered the division of labor and the time 
spent on the AAM process as an important factor for making AAs explicit. For 
example, if a subject only spends little time on managing AAs, s/he may not be 
aware of every AA made in the group.  

RQ3 

Project context Software artifacts AAs are intertwined with certain types of software artifacts (e.g., requirements and 
design decisions), and managing AAs is significantly impacted by the management of 
these artifacts. For example, if the requirements change frequently over time, the 

RQ2, 
RQ3, 
RQ4, 
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effort of managing AAs will be increased. RQ5 

Number of AAs Obviously more AAs in a project, more effort is required to manage them. RQ2 

Experience  Experience (e.g., project experience and architecture experience) can impact not only 
the understanding of the AAM process, but also the effort of using the AAM process, 
making AAs explicit, and identifying and reducing invalid AAs. 

RQ2, 
RQ3, 
RQ4, 
RQ5 

Arguments on AAs  The subjects pointed out that there were many arguments on AAs within their 
development team as well as between their development team and customer team 
when conducting the AAM process. The subjects had to spend much time on 
addressing these arguments. 

RQ2 
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4.6.2 Implication for researchers 
Students as subjects and experience: We conducted a case study with 88 first-

year master students on software engineering. We found out that the students 
were able to understand the AAM process (including the AA concept) and apply 
the process in their projects, though they might need certain time for learning. To 
some extent, we confirmed that specific types of students (e.g., first-year master 
students on software engineering) could be treated as valid subjects in software 
engineering case studies; it is of course important to follow certain guidelines (e.g., 
the checklist in [96]). Furthermore, the factors (e.g., “Learning approaches”) we 
identified in the case study (see Section 4.6.1) can impact not only the application 
of the AAM process, but also treating students as subjects in case studies. Being 
aware of and properly adjusting these factors can improve the validity of such 
studies. Finally, as mentioned by the subjects in the case study, there may be a 
significant difference between junior and senior software engineers in applying the 
AAM process. It is valuable for researchers to investigate how experience impacts 
the understanding as well as the usage of the AAM process, and further develop 
dedicated guidelines regarding the AAM process for junior and senior software 
engineers respectively. 

AAs and the AAM process: AAs are intertwined with other types of software 
artifacts, such as requirements and design decisions. We suggest that researchers 
investigate relationships between AAs and other software artifacts as well as their 
management in software development. Furthermore, we did not propose any 
dedicated approach or tool for conducting the individual AA management 
activities (i.e., Making, Description, Evaluation, and Maintenance). As mentioned 
by the subjects in the case study, dedicated approaches and tools for specific AA 
management activities can reduce the effort of conducting the AAM process, help 
to make AAs explicit, and facilitate identifying and reducing invalid AAs. Finally, 
the effectiveness of performing the AA management activities is of significant 
importance in managing AAs in software development. How to ensure for 
example, the quality of inputs and outputs of the AAM process is another 
interesting direction.  

4.6.3 Implication for practitioners 
AAs and the AAM process: As evidenced in literature (e.g., see Chapter 2), 

assumptions and their management has been a broad topic in software 
engineering, and AAs are important and should be managed in both architecting 
and software development. However, the terms as well as the concepts related to 
AAs are not commonly used in industry. We suggest that practitioners acquire a 
fair understanding of what AAs are, the problems caused by not well-managed 
AAs, etc. before applying the AAM process in their work. Furthermore, AAs are 
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not independent in software development, but intertwined with other types of 
software artifacts, such as requirements and design decisions. Therefore, tracing 
AAs to other types of software artifacts in projects as well as balancing the benefits 
and costs of such tracing is another suggestion for practitioners. Finally, as we 
mentioned in Section 4.3, the AAM process is completely flexible and customizable. 
Practitioners can always conduct two or more AA management activities at the 
same time, or skip an activity if they consider it unnecessary. 

Communication and teamwork: Managing AAs is teamwork. As mentioned by 
the subjects in the case study, effective and efficient communication among team 
members as well as between the development and customer teams is of paramount 
importance in managing AAs. We suggest that practitioners encourage not only 
architects, but also other types of related stakeholders to be involved in AA 
management. 

Experience: It is not surprising that experience was considered as an important 
factor for the ease of understanding and effort of conducting the AAM process, 
making AAs explicit, and identifying and reducing invalid AAs. For example, 
senior practitioners may make less AAs than junior practitioners in projects, 
because it would be easier for senior practitioners to identify whether a piece of 
information in an AA or an AA is invalid at the time it was made based on their 
knowledge and experience. We suggest that junior practitioners frequently discuss 
with senior practitioners regarding AA management in order, for example, to 
identify and reduce invalid AAs in their projects. We also encourage senior 
practitioners to share their knowledge and experience of managing AAs (e.g., the 
reasons of considering an AA as invalid) with other stakeholders, for example, 
through internal discussions or documentation within an organization. 

4.7 Threats to validity 
We discuss the threats to the validity of this case study based on the guidelines 

proposed by Runeson and Höst [80]. Note that this chapter does not study 
causality, so internal validity is not considered. 

Construct validity reflects to what extent the research questions and the studied 
operational measures are consistent [80]. All the threats in construct validity have 
been addressed and reduced. 

A potential threat is that the subjects used the AAM process without a basic 
understanding of the process (including the AA concept). To mitigate this threat, 
(1) we gave a tutorial and had a discussion on the AAM process (e.g., what are 
AAs) with the subjects before they managed AAs in their projects; and (2) we 
organized a presentation session in the half-way of the course which allowed each 
group to present their projects (including explaining three AAs selected from their 
AAM reports). As discussed in Section 4.4.2.1, we did not focus on “technical” 
problems of their reports (e.g., whether a statement was an assumption or not). 
Instead, the purpose is to grade and improve readability of their reports. 
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Additionally, grading the AAM reports may lead to a risk that the subjects tried 
to compliment the AAM process in order to please the course lecturers (i.e., the 
authors) through the questionnaires and focus groups. However, as discussed in 
Section 4.4.2.2, we integrated the AAM process into requirements engineering and 
architecture design as a natural part of the course, instead of telling the subjects 
that we would evaluate a new approach (i.e., the AAM process). The subjects did 
not know that the authors designed the AAM process. Furthermore, we explicitly 
mentioned to the subjects that the questionnaires they filled in and the focus group 
they attended would not be counted in their final grade. Finally, the data extracted 
and analyzed from the AAM reports is only related to RQ2 and RQ4, i.e., the 
required effort and effectiveness in identifying invalid AAs. Regarding RQ4, as 
mentioned in Section 4.5.4, the purpose of Fig. 20 and Fig. 21 is to provide an 
overview of the AAs made as well as the invalid AAs identified by each group, but 
the numbers of the 22 groups within these two figures are not comparable. Hence 
the data analysis of the AAM reports did not impact the results of RQ1, RQ3, RQ4, 
and RQ5. We admit that the risk was not completely eliminated, but had been 
reduced. 

Whether the collected data can answer the RQs is another threat. To reduce this 
threat, we iteratively refined the RQs and the data collection strategies used in this 
chapter. For example, we decided not to use interview because there were 88 
subjects, and the resource (e.g., time) of the course was limited; it was not realistic 
to conduct interviews in the case study. Moreover, we employed data 
triangulation, a technique of using various angles towards the studied object in 
order to provide a broader picture of the study [80], through three data collection 
methods: questionnaire, focus group, and documentation analysis. 

8 subjects (out of 88, 9.1%) had neither participated in any software project (i.e., 
academic, industry, or open source projects), nor attended any course of software 
engineering. To maximize the randomness, we grouped the students according to 
their student numbers, and we ensured that these 8 subjects had been allocated to 
different groups; therefore the threat of having inexperienced subjects has been 
mitigated.  

There is a risk that the time logged by the subjects for conducting individual AA 
management activities is not accurate and reliable. For example, the subjects might 
exaggerate the actual time spent in order to get a favorable impression from their 
teachers. To reduce the risk, we explicitly emphasized to the subjects not to 
exaggerate the time; we also measured the effort of conducting the AAM process 
(including each AA management activity) through Likert Scale scores (see 
Questionnaire B of Appendix B.2), in order to compare with the logged time. 

Moreover, there is a potential threat that the answers of Questionnaire B (see 
Table 94 in Appendix B.2) by a subject were influenced by her/his group members. 
To mitigate this threat, in the last week when they filled in Questionnaire B, we 
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arranged the subjects in two classrooms and set four researchers (two at each 
classroom) as invigilators. 

Finally, since all the subjects are Chinese and the course was taught in Chinese 
(including the tutorial materials, questionnaires, and the AAM report used in the 
course), there is a threat that the translation of the tutorial documents (e.g., the 
slides and user guide) from English to Chinese as well as the translation from 
Chinese to English regarding the collected data from questionnaires, focus groups, 
and documentation analysis, could have resulted in information vaporization and 
“lost in translation” issues. To mitigate this threat, we followed a set of strategies: 

(1) We had conducted several case studies (e.g., see Chapter 3) on the topic of 
AAs in industry with different practitioners (e.g., architects), who are Chinese 
speakers. In this study, we reused certain materials from those studies to ensure 
that the used terminology was mature. 

(2) In our previous studies on AAs, 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 the threat in this study. 

(3) Even though the tutorial materials are in Chinese, the authors also 
provided the subjects with an English version of the materials as references. 

(4) Translation of the tutorial materials: (a) The first author developed an 
initial Chinese version of the materials based on the English version and our 
previous studies (e.g., see Chapter 3). (b) The second author reviewed the Chinese 
version, and had a discussion with the first author to address conflicts. (c) Then the 
first author maintained the Chinese version based on the review and discussion. 
This process (review – discussion – maintenance) was conducted iteratively. 

(5) Translation of the data collected: (a) The first author was responsible for 
the translation. (b) The second author reviewed both the data in Chinese and 
English, while the third author reviewed the data in English, and all the authors 
had a discussion to address conflicts. (c) Then the first author maintained the 
translation based on the review and discussion. This process (review - discussion - 
maintenance) was conducted iteratively. 

(6) The discussion (including Q&A) with the subjects as well as the 
presentation in the middle of the study further helped to reduce this threat. During 
the case study, even though some subjects mentioned that they could not find 
much information of AAs and their management in Chinese from other sources 
(for example the Internet), no subject complained that s/he could not understand 
the concepts. 

External validity concerns the generalization of the findings [80]. The case study 
was conducted at Wuhan University with first-year master students on software 
engineering as the subjects. There is a risk that the findings of this study cannot be 
generalized into other contexts (and especially industry). We collected background 
information of the students, and found that the vast majority of the students were 
educated in software engineering at the undergraduate level and had project 
experience (i.e., academic, industry, or open source projects). Most of the students 
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were close to their professional careers as software engineers. However, whether 
the results of the case study can be generalized to practitioners needs more 
evidence. Replication of the case study in an industry setting can mitigate this risk.  

Reliability focuses on whether the study would yield the same results when 
other researchers replicate it [80]. To mitigate personal bias, the case study protocol 
had been reviewed and discussed by the three authors iteratively. We also 
presented the case study design in a meeting with eight software engineering 
researchers, and collected feedback from them to improve the design. Furthermore, 
to reduce the risk of low quality deliverables submitted by the students, the first 
and second authors checked their AAM reports every two weeks (i.e., four 
iterations in total) during the course project. Finally, the focus groups were 
recorded through audio recording devices to reduce the threat of information 
vaporization.  

4.8 Conclusions 
AAs are an important type of architectural knowledge in both architecting and 

software development, and there is a need to improve the management of AAs. In 
this chapter, we propose an AAM process, comprised of four AA management 
activities: AA Making, Description, Evaluation, and Maintenance. 

We conducted a case study to validate the effectiveness of the AAM process in 
AA management at Wuhan University in China with 88 first-year master students 
on software engineering, who took the requirements engineering and software 
architecture course during the autumn semester from 20/09/2016 to 29/11/2016. 
Particularly we validated the ease of understanding and the effort of conducting 
the AAM process, as well as the effectiveness of using the AAM process to make 
AAs explicit and to identify and reduce invalid AAs. 

The results indicate that (1) the ease of understanding and the effort of 
conducting the AAM process are moderate; (2) the AAM process can help to make 
AAs explicit and to identify and reduce invalid AAs in projects, and AA 
Evaluation is the most helpful AAM activity for all these three aspects; and (3) 
there are various factors identified that can impact the aforementioned results. 
Being aware of and properly adjusting these factors can facilitate the application of 
the AAM process in projects. 

During the evaluation of the proposed architectural assumption management 
process, we found that it was of significant importance to provide dedicated 
approaches on individual activities of the process, especially Architectural 
Assumption Description, which is the most significant activity in managing 
architectural assumptions. As an example, it proves to be quite difficult to evaluate 
or maintain an architectural assumption if it is not described in a systematic way. 
However, before being able to propose a solution for Architectural Assumption 
Description, a more specific analysis was required of how this activity is 
performed in practice (see Chapter 5). 
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Chapter 5  A Survey on Software 
Architectural Assumptions  

[Based on: C. Yang, P. Liang, and P. Avgeriou. A survey on software 
architectural assumptions. Journal of Systems and Software, 113(3): 362–380, 
2016.] 

Abstract 

Context: Managing architectural assumptions during the software 
lifecycle, as an important type of architecture knowledge, is critical to 
the success of projects. However, little empirical evidence exists on 
the understanding, identification, and description of architectural 
assumptions from practitioners’ perspective.  

Objective: We investigated the current situation on (1) how 
practitioners understand architectural assumptions and their 
importance, and (2) whether and how practitioners identify and 
describe architectural assumptions in software development.  

Method: A web-based survey was conducted with 112 practitioners, 
who use Chinese as native language and are engaged in software 
development in China.  

Results: The main findings are: (1) architectural assumptions are 
important in both software architecting and development. However, 
practitioners understand architectural assumptions in different ways; 
(2) only a few respondents identified and described architectural 
assumptions in their projects, and very few approaches and tools 
were used for identifying and describing architectural assumptions; (3) 
the lack of specific approaches and tools is the major challenge 
(reason) of (not) identifying and describing architectural assumptions.  

Conclusions: The results emphasize the need for a widely accepted 
understanding of the architectural assumption concept in software 
development, and specific approaches, tools, and guidelines to 
support Architectural Assumption Identification and Description. 

5.1 Introduction 
Little empirical research has been conducted in the field of AAs, especially in 

AA Identification and Description. To this end, we conducted a web-based survey 
with 112 practitioners, who use Chinese as native language (Chinese respondents 
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are easily accessible to two of the researchers of this survey) and are engaged in 
software development in China, from a number of different industries and 
application domains. The objectives of the survey are the following: 

To identify the practitioners’ perception of AAs and the importance of AAs in 
software development. We aimed at exploring how practitioners understood the 
AA concept without biasing them, so we did not use our own definition of AA in 
the survey. Note that “the AA term” is not the same as “the AA concept”. A term 
is a label used to express a concept (i.e., semantics) through a word or phrase (i.e., 
syntax), while a concept conveys the meaning of a term. 

To collect the approaches and tools used to identify and describe AAs as well as 
the practical challenges associated with AA Identification and Description. 

To find out about the reasons for not identifying and describing AAs in industry 
practice. 

The results of our survey suggest the need for establishing a widely accepted 
understanding of the AA concept in software development, and specific 
approaches, tools, and guidelines to support AA Identification and Description. 

The rest of this chapter is structured as follows: Section 5.2 discusses related 
work. Section 5.3 describes the research approach in detail. Section 5.4 presents the 
survey results. Section 5.5 and Section 5.6 discuss the findings and threats to 
validity of the survey respectively. Section 5.7 concludes this survey. 

5.2 Related work 
Related work on assumptions in software engineering and AAs is discussed in 

this section, covering definitions and classifications of assumptions, as well as 
methods of managing them (such as identifying and describing assumptions). 

5.2.1 Assumptions in software engineering 
Tang et al. [58] defined assumptions as “explicit documentation of the unknowns or 

the expectations to provide a context to decision making”, which is an important 
architecture element in rationale-based architecture model. 

Lewis et al. [7] proposed a prototype Assumption Management System in 
software development, which can extract assumptions from source code and 
record them into a repository for management. The authors also provided a 
taxonomy of general assumptions in software development, including (1) control 
assumptions (expected control flow), (2) environment assumptions (expected 
environmental factors), (3) data assumptions (expected input or output data), (4) 
usage assumptions (expected use of applications), and (5) convention assumptions 
(followed standards or conventions in development). 

Tirumala et al. [70] focused on component assumptions, and emphasized that 
mismatched assumptions between software components are one of the major 
reasons leading to failures in real-time systems, and most component assumptions 
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are implicit. Thus the authors proposed a framework to make component 
assumptions explicit in real-time systems. 

Zschaler and Rashid [71] focused on aspect assumptions in aspect-oriented 
software development, and classified aspect assumptions in two categories, with 
six types and thirteen subtypes. This classification is beneficial for code 
improvement, and assumptions elicitation and verification in aspect-oriented code. 

Haley et al. [5] focused on trust assumptions, and pointed out that trust 
assumptions (including explicit and implicit trust assumptions) may impact the 
way to realize functions of a system and the scope of requirements analysis. The 
authors also proposed a model, which is composed of six elements, to present trust 
assumptions. 

Lehman and Ramil [6] proposed several guidelines for managing assumptions. 
For example, the authors believed that it is necessary to train all stakeholders to 
identify and describe assumptions (including explicit and implicit assumptions) at 
all stages of the development based on a standard form or structure. 

These works investigate several types of assumptions (e.g., component 
assumption, aspect assumption, and trust assumption), which focus on different 
aspects of a system, while our survey focuses on architectural assumption. The 
related work reveals a number of interesting findings and directions on 
assumptions in software engineering (e.g., definitions of assumption, 
classifications of assumptions, and approaches of identifying and describing 
assumptions), which have been used as input for this survey with a special focus 
on AAs (see Section 5.3.3.1). In addition, in this survey we deal with the use of the 
AA term, the importance of AAs, as well as the challenges (reasons) of (not) 
identifying and describing AAs. 

5.2.2 Architectural assumptions 
Garlan et al. [9] identified four general categories of AAs that are implicit and 

undocumented and consequently lead to architectural mismatch: (1) nature of 
components, (2) nature of connectors, (3) global architectural structure, and (4) 
software construction process. This categorization is based on a structural view of 
architecture, which regards SA as a set of structures, including components and 
connectors. 

Lago and van Vliet [34] distinguish AAs from requirements and constraints as 
the reasons for architectural design decisions that are arbitrarily taken based on 
personal experience and knowledge. An assumption meta-model was proposed to 
document these assumptions in an explicit way. The authors classified AAs into 
three groups: (1) managerial assumptions, (2) organizational assumptions, and (3) 
technical assumptions. 

Ostacchini and Wermelinger [63] proposed a lightweight approach to manage 
AAs in agile development, and summarized four main tasks of AA management 
from existing literature: (1) describing new assumptions, (2) monitoring 
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assumptions regularly, (3) searching for assumptions, and (4) recovering past 
assumptions. The authors used the taxonomy of assumptions proposed by Lago 
and van Vliet [34]. 

Roeller et al. [4] classified AAs into four groups as: (1) implicit and 
undocumented (the architect is unaware of the assumption, or it concerns tacit 
knowledge), (2) explicit but undocumented (the architect takes a decision for a 
specific reason), (3) explicit and explicitly undocumented (the reasoning is hidden), 
(4) explicit and documented (this is the preferred, but often exceptional, situation). 
The authors also developed a method (Recovering Architectural Assumptions 
Method, RAAM) to recover assumptions in architecture design. Furthermore, AAs 
were defined as a type of architectural design decisions as well as the reasons for 
making the decisions, and the AA term was used as a general denominator for the 
forces that drive architectural design decisions. 

Van Landuyt et al. [27] focused on early AAs in scenario-based requirements, 
and defined AA as “typically assumptions about the structure of the system under 
development, i.e., the existence of particular system elements (e.g. components)”, which is 
different from the definition of Lago and van Vliet [34]. Furthermore, the authors 
highlighted the need to model AAs explicitly and precisely in the early phases of 
software development (i.e., requirements engineering and the transition to 
architecture). In their follow-up work, Van Landuyt and Joosen [13] proposed a set 
of specific techniques (e.g., a system meta-model and an aspect-oriented 
requirements language) to modularize early AAs in the context of scenario-based 
requirements. 

The aforementioned work focuses on several aspects of AAs (e.g., classification 
of AAs and approaches for AA management) using e.g., case studies and 
interviews. To the best of our knowledge, there is no industrial survey on the topic 
of AAs, and our survey intends to provide an overview of the understanding of 
AAs, as well as the identification and description of AAs from practitioners’ 
perspective. 

5.3 Research approach 
According to the objectives of this study as well as the guidelines for selecting 

empirical methods in software engineering research proposed by Easterbrook et al. 
[72], we decided to use a survey to identify the state of the practice of AAs in 
industry. This is because we need to identify the characteristics of a broad 
population (software architects and other software professionals) regarding how 
they understand, identify, and describe AAs. We do not aim at exploring what 
happens when practitioners manage AAs (in which case a case study can be 
employed), or study correlation or causality of variables related to AAs (in which 
case an experiment is more appropriate). 

A survey is not just the instrument (the questionnaire or checklist) to gather 
information [62], it is a comprehensive research method for describing, comparing, 
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or explaining knowledge, attitudes, and behavior [64]. We followed and adapted 
the guidelines proposed by Kitchenham and Pfleeger [62] to conduct the survey 
and designed the survey protocol according to a template for survey protocols in 
evidence-based software engineering19. In the rest of this section we report the 
survey design partially based on the protocol. The research questions (RQs) are 
defined in Section 5.3.1. The form of the survey, the sample and the population, the 
selection criteria, and the sampling methods we used are described in Section 5.3.2. 
The preparation of the questionnaire and the collection of the responses are 
elaborated in Section 5.3.3. The data analysis of the survey results is presented in 
Section 5.3.4, and the survey instrument is evaluated in Section 5.3.5. 

5.3.1 Research questions 
We formulated the RQs in Table 35 based on the survey objectives presented in 

Section 5.1. 
Table 35. Research questions and their rationale 

Research question Rationale 

RQ1: What is the practitioners’ 
perception of AAs and importance of 
AAs in software development? 

This RQ helps to study how the AA term is used and 
defined, what examples of AA practitioners have in 
mind and how important it is to manage AAs during 
architecting and software development. 

RQ2: What are the approaches, tools, as 
well as the challenges in identifying and 
describing AAs? 

RQ2.1: What are the approaches used for 
identifying and describing AAs? 

RQ2.2: What are the tools used for 
identifying and describing AAs? 

RQ2.3: What are the challenges in 
identifying and describing AAs? 

This RQ sheds light on what approaches and tools are 
actually used in practice for identifying and describing 
AAs, and helps researchers to identify possible 
improvements to the approaches and tools. 

RQ3: What are the major reasons for not 
identifying and describing AAs? 

This RQ helps to identify the major impediments in 
identifying and describing AAs in software 
development.  

 

5.3.2 Survey design 

5.3.2.1 Form of the survey 

The survey is descriptive (describing the characteristics of a population), and the 
survey design is a cross sectional study (collecting the data at a fixed point in time) 
[62]. An online questionnaire was used as a data collection instrument, because 

                                                           
19 http://community.dur.ac.uk/ebse/resources/templates/SurveyTemplate.pdf  

http://community.dur.ac.uk/ebse/resources/templates/SurveyTemplate.pdf
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web-based questionnaires are time- and cost-effective [65]. Questionnaires are also 
well-suited to collect data from a large number of persons in geographically 
diverse locations [65]. 

5.3.2.2 Sample and population 

The target population was limited to the practitioners who use Chinese as native 
language, work in China, and have experience in software architecture design or 
are involved with software architecture (e.g., project managers). The reason for 
selecting Chinese-speaking respondents is that we used Non-Probabilistic 
Sampling method in this survey (see Section 5.3.2.4) and 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 asked several questions to determine 
their role and background, such as the main tasks they perform, number of years 
working in IT industry, and number of years of experience in software architecting. 

We used three approaches to reach the target population: 

The contacts in our social networks (such as previous coworkers). 

Websites on software development. Three popular technical websites 20  (in 
Chinese) were used to find and invite potential participants of this survey, who 
have the title of architect or show an interest in SA (e.g., s/he posted a blog on SA). 

Professional or academic conferences or symposiums. One author attended a 
professional architects’ conference (International Architect Summit organized by 

InfoQ21) in Beijing and personally invited a number of participants. 

5.3.2.3 Obtaining a valid sample 

The inclusion and exclusion criteria in Table 36 were defined to select valid 
responses for analysis. Boolean OR is used to connect alternate criteria in both the 
inclusion and exclusion criteria. The authors discussed and reached a consensus on 
the understanding of these criteria before selecting the responses. Note that the 
inclusion criterion I1 was evaluated by the answer of survey question DQ5 (we 
asked the respondents their experience (in years) in software architecting), I2 was 
evaluated by the answer of survey question DQ3 (we asked the respondents their 
main tasks in their companies), and E3 was evaluated by the answer of survey 
question DQ1 (we asked the respondents the country they are working in). The 
two other exclusion criteria (i.e., E1 and E2) are detailed below. 

“Inconsistencies” in the exclusion criterion E1 means two or more answers in a 
response are conflicting. For example, a participant chose “Yes” to the question 
“SQ1: Are you familiar with the term Architectural Assumption?” but answered “No 

                                                           
20 http://www.cnblogs.com/, http://www.csdn.net/, and http://s.weibo.com/  

21 http://bj2014.archsummit.com/ 

http://www.cnblogs.com/
http://www.csdn.net/
http://s.weibo.com/
http://bj2014.archsummit.com/
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idea” to the question “SQ5: Can you provide an example of architectural assumptions 
(or examples if you think there are more than one types) according to your understanding?” 

“Meaningless” in the exclusion criterion E2 means that what a participant wrote 
is gibberish or logically senseless to some or all the open questions. 

 
Table 36.  Inclusion and exclusion criteria for selecting responses in the survey 

Inclusion criteria 

I1: The respondent has experience in software architecting. 

I2: The respondent has no experience in software architecting, but has experience in software design. 

Exclusion criteria 

E1: Inconsistencies exist in the response. 

E2: The response is meaningless.  

E3: The respondent does not work in China. 

 

5.3.2.4 Sampling methods 

The Non-Probabilistic Sampling method (including Convenience Sampling and 
Snowball Sampling) was employed to obtain a valid sample, because Chinese-
speaking respondents are easily accessible to two of the researchers of this survey 
(mentioned in Section 5.3.2.2). Convenience Sampling refers to acquiring responses 
from available people who are willing to participate [62]. Convenience Sampling 
was used in this study because several sources (e.g., websites on software 
development) are available to invite the participants. Snowball sampling means 
asking the respondents in a survey to invite other available people they consider 
would be willing to participate [62]. 

5.3.3 Data preparation and collection 

5.3.3.1 Creating the questionnaire 

Through reviewing the published literature on assumptions (see Section 5.2), a 
survey instrument consisting of nine questions on demographics (DQ1 to DQ9) 
and fifteen specific questions (SQ1 to SQ15) was developed (see Table 99 and Table 
100 in Appendix C). Questions on demographics are used to collect personal 
information (e.g., the country and the main tasks) and company information (e.g., 
the size of the company and the domain of the company) to help the authors better 
understand the background of the participants. Specific questions are used to 
collect the information to answer the research questions stated in Section 5.3.1 (e.g., 
AA definitions and examples). 

Roeller et al. [4] stated that different stakeholders may have different 
understanding of the AA concept from different perspectives, and Lago and van 
Vliet [34] pointed out that “it is quite tricky to draw the line between assumptions, 
requirements and constraints”. To understand how far practitioners are familiar with 
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the term of AA and how they perceive AAs, we designed five survey questions: 
SQ1, SQ2, SQ3, SQ4, and SQ5. The related work discussed in Section 5.2 
emphasizes that assumptions (e.g., AAs) are important in software development 
(e.g., architecting) [4] and problems (e.g., architectural mismatch) can be caused by 
vaporization of assumptions (e.g., implicit assumptions) [9]. Based on this, we 
designed two survey questions, SQ6 and SQ7, in order to understand how 
practitioners consider the importance of AAs in their work. SQ8 and SQ9 are used 
to explore how practitioners identify AAs, which is a concern raised in, for 
example, [63]. SQ12 and SQ13 were designed to investigate how AAs are described 
in practice, which is a concern discussed in, for example, [34]. Since AA 
vaporization will negatively impact AA management, it is important to explore the 
challenges of identifying and describing AAs as well as the reasons for not 
identifying and describing AAs. To this end, we designed questions SQ10, SQ11, 
SQ14, and SQ15. As shown in Fig. 22, specific questions are further classified into 
five parts, and each part is related to one or more RQ it aims to address. 

Questions DQ1, DQ4, DQ5, DQ9, SQ3, SQ4, SQ5, SQ9, and SQ13 are open 
questions (free text), questions DQ6, DQ7, SQ1, SQ2, SQ6, SQ7, SQ8, and SQ12 are 
closed questions (single or multiple choice from a list), while DQ2, DQ3, DQ8, 
SQ10, SQ11, SQ14, and SQ15 are semi-closed questions [75] (i.e., choice from a list 
with the option to add free text). 

 

 

Fig. 22. Questionnaire flow 

 

5.3.3.2 Questionnaire format 

Every question was placed in a different web page. We set a welcome page to 
explain the purpose of the survey, with an everyday example of assumptions, and 
our affiliation and contact information, etc., which is partially shown in Table 98 of 
Appendix C. 

s2.Questions 
about the 

definition and 
example of AA 

(SQ4-SQ5)

s1. Questions 
about the use of 

AA term 
(SQ1-SQ3)

s3. Questions 
about the 

importance of AA
(SQ6-SQ7) 

s4. Questions 
about AA 

identification
(SQ8-SQ11) 

s5. Questions 
about AA 
recording

(SQ12-SQ15) 

RQ1

RQ1

RQ1

RQ3RQ2RQ3RQ2

Personal 
information

Company 
information

d. Questions on 
demographics 

(DQ1-DQ9)



Chapter 5 

 

 139 

For the implementation of the survey, an online web-based survey tool 
LeDiaoCha 22  (in Chinese) was used. Participants visited the survey hosted at 
LeDiaoCha through a web link. 

5.3.4 Data analysis 
For data analysis we used descriptive statistics for quantitative answers (to 

multiple choice questions, such as the educational background of the respondents), 
and used Grounded Theory (detailed in the next paragraph) for qualitative 
answers (where respondents answered an open question). 

Grounded Theory was used to generate categories from the responses to answer 
the RQs defined in Section 5.3.1. In this survey, the categories are the classification 
of the ways of using the AA term, definitions of AA, examples of AA which are 
presented in Section 5.4.2, and the methods of identifying and describing AAs 
which are described in Section 5.4.4 and Section 5.4.5 respectively. The three 
coding phases defined in classical Grounded Theory are open coding, selective 
coding, and theoretical coding [50]. Note that only open coding and selective 
coding were used, because we only needed to acquire categories of the 
investigated subjects (e.g., AA definition) instead of generating theories. Open 
coding generates codes that can be clustered into concepts (breaking data into 
conceptual components) and categories (aggregating a set of concepts) [79]. This 
phase was used to generate codes of certain data items (e.g., definitions of AA 
presented in Section 5.4.2). Selective coding identifies the core category (e.g., the 
five types of AA definitions), which explains the greatest variation in the data [79]. 
Grounded Theory was executed in an iterative process with two of the authors, 
and the codes with their relationships were refined and adapted in each iteration. 
The third author was consulted to resolve inconsistencies and review the results 
for clarity. 

Furthermore, if an answer provided by a respondent leads to more than one 
possible interpretation, we regarded the answer as invalid, and removed that 
answer, but still kept the response. Note that in this survey, an “answer” is related 
to one survey question, and a “response” is composed of all the valid answers of 
the questionnaire by a respondent. 

5.3.5 Survey instrument evaluation 
The protocol of this survey was refined iteratively by the three authors and also 

externally reviewed by two additional researchers. The questionnaire was 
reviewed externally by two other additional researchers as well as three 
practitioners on software engineering and architecture, for checking the content 
and the understandability of the questions, as well as the approximate time needed 
to complete the questionnaire. Furthermore, a pilot study was run with seven 

                                                           
22 http://www.lediaocha.com/ 

http://www.lediaocha.com/
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participants, and we interviewed three of them to further refine the survey 
instrument (e.g., adding an example of assumptions from everyday life). The data 
points from the pilot were included in the survey as we did not change the survey 
questions after the pilot study. The participants of the pilot study are 
representative of the potential respondents of this survey (covering various years 
of experience, i.e., less than 5, between 5 and 10, and more than 10 years in IT 
industry). 

5.4 Survey results 
This section presents the survey results based on the collected data, which 

follows the structure of the questionnaire described in Section 5.3.3.1. The five 
subsections (from Section 5.4.1 to Section 5.4.5) correspond to the six parts of the 
questionnaire shown in Fig. 22 (i.e., d and s1 to s5). 

5.4.1 Demographic data 
In total 213 responses were received of which 101 (47.4%) invalid responses 

were excluded based on the selection criteria (see Section 5.3.2.3); the remaining 
112 valid responses were further analyzed. Note that, the term “respondents” as 
used in the rest of the chapter refers to the respondents who provided valid 
responses to this survey. 

The respondents of this survey are located in 23 cities of China. The top 5 cities 
of respondents are listed in Table 37. The most popular cities are Beijing (24 out of 
112, 21.4%) and Shenzhen (21 out of 112, 18.8%), which are also at the top of the list 
of the IT industry in China. 

 
Table 37. Top 5 Cities of respondents 

City Frequency Percent (%) 

Beijing 24 21.4 

Shenzhen 21 18.8 

Shanghai 11 9.8 

Guangzhou 9 8.0 

Wuhan 8 7.1 

 

The respondents were classified according to their educational background (BSc, 
MSc, PhD, and Others), as shown in Fig. 23. Most respondents (69 out of 112, 
61.6%) hold a BSc degree, while 31 (27.7%) respondents have an MSc degree. 

We asked the respondents about their main tasks in their companies, so that we 
better understand their role. Note that respondents could select one or more main 
tasks. As shown in Fig. 23, most respondents selected “Development” (72 out of 
112, 64.3%) as their main task, and “Architecture design” and “Detailed design” 
follow behind with 61 (54.5%) and 56 (50.0%) respondents respectively, which 
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shows that development and design are the main tasks of the respondents. 
Additionally, one respondent chose the option “Others” and provided the answer 
“Operation and maintenance” as the main task. 

 

 
Fig. 23. Educational background and main tasks of respondents 

 

The respondents were further classified according to their working experience 
in IT industry and software architecture into three types as shown in Fig. 24(a). 
Most respondents (72 out of 112, 64.3%) have at least 5 years of working experience 
in IT industry. Fig. 24(b) shows that most respondents (70 out 112, 62.5%) have less 
than 5 years of experience in software architecting. 
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(a) IT industry     (b) Software architecture 
Fig. 24. Number of years of experience in IT industry and in software architecting of the respondents 

 

We also asked whether the respondents received professional training on 
software architecture or design. We explicitly mentioned in DQ6 that professional 
training does not include higher education (e.g., software architecture course at 
university), because we wanted to distinguish between industrial training with a 
hands-on assignment tied to the daily practice of architects and working on purely 
academic course projects. Only 25.0% (28 out 112) respondents answered that they 
had such training (see the left part of Fig. 25). 

The size of the companies where the respondents work was classified into four 
types as shown in the right part of Fig. 25. Over half of the respondents (58 out of 
112, 51.8%) worked in companies with more than 250 employees, and only 3 (2.7%) 
respondents worked in small companies (with less than 10 employees). 

 

 
Fig. 25. Professional training related to software architecture or design of the respondents (left) and size 

(in persons) of the companies where the respondents work (right) 

 

The left part of Fig. 26 shows the top 6 domains of the companies in which the 
respondents work. “IT services” (69 out of 112, 61.6%), which includes the services 
as well as the process of providing the services on information technology, is the 
most popular domain, far ahead from the others. “Telecommunications” (25 out of 
112, 22.3%), “E-commerce” (23 out of 112, 20.5%), and “Embedded systems” (23 
out of 112, 20.5%) are in the second, third, and fourth place respectively. 23.2% (26 
out of 112) of the respondents chose the option “Others” and provided specific 
domains of their companies. They are “Retail” (3), “Insurance” (3), “Social” (2), 

84

28

0

10

20

30

40

50

60

70

80

90

No Yes

3

23
28

58

0

10

20

30

40

50

60

70

<10 10-50 51-250 >250



Chapter 5 

 

 143 

“Game” (2), “Internet” (2), “Real estate” (1), “Electrical power system” (1), “Smart 
home” (1), “Enterprise resource planning system” (1), “Energy” (1), “Construction” 
(1), “Education” (1), “Transportation” (1), “Printing” (1), “Government” (1), 
“Security system” (1), “Media” (1), “Logistics” (1), and “Manufacturing” (1). 

The right part of Fig. 26 shows the development methods commonly used in the 
projects that the respondents were involved. The related survey question DQ9 is 
an open question. Most respondents (71 out of 112, 63.4%) used “Iterative 
development”, while “Waterfall model” (34 out of 112, 30.4%) and “Agile 
development” (24 out of 112, 21.4%) are ranked in the second and third position 
respectively. It is worth noting that there is potentially an overlap between 
“Iterative development” and “Agile development” methods: agile methods are 
iterative, and are considered as a subset of iterative methods [73][74]. Since this is 
an open question and we just collected the answers that the respondents provided, 
we urge readers to interpret them with caution, considering a potential overlap. 

 

 
Fig. 26. Top 6 domains of the companies where the respondents work (left) and development methods 

used in the projects that the respondents were involved (right) 

 

5.4.2 Understanding of architectural assumption 
As little has been known about how AAs are understood and how important 

AAs are considered by practitioners, a set of survey questions (SQ1 to SQ7) were 
used to explore these aspects. We first asked the respondents whether they are 
familiar with the AA term (SQ1) and whether they used the term in their projects 
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(SQ2). The results in Fig. 27(a) and Fig. 27(b) show that most respondents are not 
familiar with the term (75 out of 112, 67.0%), and never used this term in their 
work (98 out of 112, 87.5%). 

 

 
(a) Familiarity    (b) Use 

Fig. 27.  Familiarity and use of the architectural assumption term 

 

The respondents were asked to define AAs according to their own knowledge 
and experience in an open question (SQ4). This was an optional question and 61 
respondents provided an answer. We collected 46 (46 out of 61, 75.4%) valid 
answers and classified the AA definitions into five types as listed in Table 38. 

 
Table 38. Definition of architectural assumption 

Type  Definition of architectural assumption Count 

Requirement AAs are a type of uncertain requirements (functional or non-
functional). 

13 

Architecture AAs represent conjectures about the architecture (e.g., assumptions 
about scenarios to support architecture evaluation). 

14 

Constraint AAs are regarded as constraints on a system or constraints on an 
architecture. 

14 

Risk AAs are considered as inputs to manage risks (e.g., for risk 
prediction). 

1 

Project context AAs are conjectures about the project context. 4 

 

In addition to the definitions of AA, we also used an open question (SQ5) to ask 
the respondents to provide examples of AA according to their experience, so that 
the provided definitions can be exemplified. We classified the AA examples into 
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three types, which are a subset of the types of the definitions of AA (Table 38), 
with representative examples listed in Table 39. 

“Requirement”: Use AAs as requirements with certain level of uncertainty. This 
type is further classified into two subtypes: “Functional requirement” and “Non-
functional requirement”. 

“Architecture”: Use AAs with regard to architecting, or its technical 
environment. 

“Project context” type is classified into two subtypes: “Organization” and 
“Business”. “Organization” type concerns the company’s structure and the profile 
of the development team [4], while “Business” type concerns the business 
objectives of a project. 

 
Table 39. Example of architectural assumptions 

Type  Subtype Example of architectural assumptions 

Requirement Functional 
requirement 

Two representative examples: 
The architect assumes that the functions of the system depend on 
the specific domain and the users. 
The architect assumes that the system should provide the function 
of automatic error correction. 

Non-
functional 
requirement 

Four representative examples: 
The architect assumes that the response time of the system should 
be less than 0.1 second. 
The architect assumes that the number of concurrent users of the 
system would be around 200. 
The architect assumes that the system needs to be easily extended 
(i.e., extensibility). 
The architect assumes that the customers may use both Microsoft 
SQL Server database and Oracle database in this project. 

Architecture  Four representative examples: 
The architect assumes that concurrency, integration, and interfaces 
of the system should be the three main factors for selecting the 
architecture. 
The architect assumes that the application framework can be 
applied (reused and extended) in most projects in the company. 
The architect assumes that the external distributed file system and 
content delivery network can be used in the project. 
The architect assumes that the architecture design of the system 
needs to be easily reused and decomposed. 

Project 
context 

Organization Three representative examples: 
The architect assumes that the skills and capacities of the software 
engineers in the development team are enough for this project. 
The architect assumes that the development team can understand 
60% of the requirements from users. 
The architect assumes that the development team should have a 
clear understanding of the field of mobile networks. 

Business Four representative examples: 
The architect assumes that the project should be completed in one 
month. 
The architect assumes that the potential users of the system should 
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be from all over the world. 
The architect assumes that the image recognition component from 
the third party is available for this project. 
The architect assumes that 90% of the business processes 
implemented in the project can be standardized. 

 

If the respondents did use the AA term, we asked how they used it through an 
open question (SQ3). We classified the ways of using the AA term into five types, 
and we list both the types and the answers in Table 40. These are the same types 
that were used to classify the definitions of the AA term, as presented in Table 38. 
Using the AA term to represent uncertain requirements (including functional and 
non-functional requirements) is the most common way of using this term. 

 
Table 40. Ways of using the architectural assumption term 

Type  Ways of using the architectural assumption term 

Requirement Use the AA term to represent uncertain non-functional requirements. 

Use AA to represent uncertain functional requirements. 

Architecture Use the AA term to make assumptions explicit and clear to stakeholders during 
architecture design. 

Constraint Use the AA term to assume system constraints under uncertain situations. 

Risk Use the AA term as inputs for risk management. 

Project context Use the AA term to represent the AAs made about the context of project (e.g., 
system size) explicit, in order to elaborate the business model, and estimate the 
cost and lifecycle of the project. 

 

5.4.3 Importance of architectural assumptions 
The respondents were asked to rank the importance of AAs in software 

architecting (SQ6) as well as in the entire software development lifecycle (SQ7). 
Note that this survey concerns the importance of the AA concept, not the AA term. 
As shown in Fig. 28, over half of the respondents considered that AAs are 
important in both software architecting (51.8%, 58 out of 112) and the software 
development lifecycle (50.9%, 57 out of 112); note that more respondents 
considered that AAs are “very important” in software architecting than in the 
software development lifecycle (37 vs. 24). About one fifth of the respondents 
stated that they had no idea about the importance of AAs. 
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        (a) in software architecting          (b) in the software development lifecycle 

Fig. 28. Importance of architectural assumption 

 

5.4.4 Identifying architectural assumptions 
With regard to AA Identification, we paid special attention to how the 

respondents identified AAs in their projects, the challenges of identifying AAs, 
and the reasons for not identifying AAs. Fig. 29 shows that more than half of the 
respondents (56.3%, 63 out of 112) had never identified AAs in their projects. 

 

 
Fig. 29. Identifying architectural assumptions in software development 
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It is important to explore which type of support has been provided for 
practitioners to facilitate AA Identification. We asked the respondents who 
identified AAs in their projects, how they identified them (before or after the fact) 
through an open question (SQ9). Table 41 shows the approaches of AA 
Identification collected from the responses, which are classified into six types: 

“During development process”: AAs were identified during one of the phases of 
the development process (e.g., during requirements engineering). 

“In documents”: AAs were identified from the documents of projects (e.g., in 
architecture documents). 

“Through communication”: AAs were identified through discussion between 
stakeholders. 

“Experience and knowledge”: AAs were identified based on personal 
experience and knowledge. 

“No specific approach” indicates that the respondents identified AAs in their 
projects in an ad-hoc manner, without using a specific source or approach. 

“Others” contains the approaches, which cannot be classified into the five types 
above. 

49 respondents had identified AAs in their projects as shown in Fig. 29. Most 
respondents identified AAs during the requirements engineering process (30.6%, 
15 out of 49), or based on their personal experience and knowledge (24.5%, 12 out 
of 49). Additionally, 14.3% (7 out of 49) respondents stated that they identified 
AAs in testing, and 8.2% (4 out of 49) respondents identified AAs without using 
any specific source or approach. 

Only three tools (Rational Rose, Zentao23, and MS Excel) have been used for AA 
Identification by the respondents (each used by one respondent), and none of them 
are dedicated to identifying AAs. Note that respondents could provide both the 
approaches and tools they used for AA Identification, or only one of them. 

 
Table 41. Approaches of identifying architectural assumptions 

Type Approach Count 

During 
development 
process 

In the requirements engineering process (e.g., in requirements 
analysis) 

15 

When testing the system 7 

When implementing the system 1 

In documents In architecture design documents 2 

In project plan documents 1 

Through 
communication  

Through the discussion within the development team (including 
formal and informal meetings) 

3 

Through the communication with customers (e.g., in each iteration) 2 

Through the feedback from users 2 

                                                           
23 http://www.zentao.net/ (a project management tool, available in Chinese) 

http://www.zentao.net/
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Experience and 
knowledge 

Based on the personal experience and knowledge of architects 12 

Based on the personal experience and knowledge of domain experts 2 

No specific 
approach 

Without using any specific approach 4 

Others Through analyzing the existing data (e.g., transaction data) of the 
system 

2 

Through exploring uncertain factors, which may have an impact on 
architecture 

1 

Through decision tables analysis [78] 1 

 

Next, it is important to identify the challenges that hinder the identification of 
AAs, so we posed a semi-closed question to explore this aspect. The respondents 
were given a list of candidate challenges on AA Identification according to our 
experience and knowledge (e.g., “Lack of approaches” and “Lack of tools”) to 
choose from. The respondents could also provide other challenges that they 
thought important for identifying AAs. 

Note that the candidate challenges (1) “Lack of tools”, “Lack of approaches”, 
and “Lack of guidance” denote the tools, approaches, and the guidance used for 
identifying AAs, (2) “Lack of experts” refers to experts who are familiar with the 
AA concept and its management, and (3) “Unawareness” means that developers 
make assumptions implicitly without being aware of them. In the questionnaire, 
the respondents could read the full description of these challenge options. As 
shown in Fig. 30, “Lack of tools” (25 out of 49, 51.0%) is the most important 
challenge in AA Identification. “Lack of experts” (23 out of 49, 46.9%) and “Lack of 
approaches” (21 out of 49, 42.9%) follow behind. Five respondents provided five 
other challenges of identifying AAs as listed below. 

Lack of support from customers (2 out of 49, 4.1%) 
Lack of experts of specific domains (1 out of 49, 2.0%) 
Project requirements are always vague (1 out of 49, 2.0%) 
Lack of resources to support AA Identification (1 out of 49, 2.0%) 
Lack of support from the development team (1 out of 49, 2.0%) 
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Fig. 30. Challenges of identifying architectural assumptions 
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Unfamiliar with AA either as a term or as a concept (9 out of 63, 14.3%). 
Making assumptions implicitly without being aware of them (3 out of 63, 4.8%). 
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Fig. 31. Reasons for not identifying architectural assumptions 

 

5.4.5 Describing architectural assumptions 
With regard to AA Description, we focus on how the respondents described 

AAs in their projects, the challenges of describing AAs, and the reasons for not 
describing AAs. Fig. 32 shows that most respondents (80.4%, 90 out of 112) had 
never described AAs in their projects. 

 

 
Fig. 32. Describing architectural assumptions in software development 
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question (SQ13). As shown in Table 42, only six different tools were used and none 
of them are dedicated to describing AAs. Similar to the AA Identification question 
(SQ9), respondents may provide both the approaches and tools they used for AA 
Description, or just one of them. 

 
Table 42. Tools of describing architectural assumptions 

Tool Count 

MS Excel 3 

SVN  1 

Wiki  1 

OneNote 1 

Evernote 1 

Internal tools used in the company 1 

 

22 respondents had described AAs in their projects as shown in Fig. 32. 
However, only two approaches for AA Description were identified, as shown in 
Table 43. Most respondents (16 out of 22, 72.7%) described AA in various 
development documents. 

 
Table 43. Approaches of describing architectural assumptions 

Approach Count 

Describe AAs in different documents (e.g., requirements documents, design 
documents, test documents, and meeting notes) 

16 

Describe and embed AAs when implementing the system in code (both source code 
and code comments). 

1 

 

Similar to the question (SQ10) about the challenges of identifying AAs, we 
asked a semi-closed question (SQ14) in order to explore the challenges of AA 
Description. The respondents could also provide other challenges that they 
thought important for describing AAs. The results are shown in Fig. 33. In 
summary, “Lack of tools” (8 out of 22, 36.4%) and “Lack of management support” 
(8 out of 22, 36.4%) are the most important challenges of AA Description. One 
respondent provided one other challenge of describing AAs, as “Project 
requirements are always vague.” 
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Fig. 33. Challenges of describing architectural assumptions 
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Fig. 34. Reasons for not describing architectural assumptions 

 

5.5 Discussion of results 
The results indicate that AAs are important in both software architecting and 

the whole software development lifecycle (see Fig. 28). However, identifying and 
describing AAs is not yet a common practice: 49 respondents identified AAs (in 
Fig. 29), but only 22 respondents described AAs in their projects (in Fig. 32). This 
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the AA concept means, but use different terms to describe the AA concept. In the 
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participants of the pilot study could recommend a better term than the AA term 
used in the pilot survey although they conjectured that the one used is not perfect. 
They all confirmed that the AA concept is used in software development in China. 
However, there is no widely accepted AA term in Chinese translation. 

Though 67.0% respondents (75 out of 112) were not familiar with AA as a term 
and 87.5% respondents (98 out of 112) had never used the term in their work, the 
results from other questions (such as SQ4 and SQ5) showed that most of them 
understood the concept of AA. This is evident in Table 38 and Table 39, where we 
collected some meaningful definitions and examples of AA from the responses. It 
is a typical issue in Software Engineering that terms are not commonly defined 
and agreed upon. Many terms are intuitively understood by practitioners without 
an agreement on their exact meaning. 

AA definition: Over half (54.5%, 61 out of 112) of the respondents answered the 
open and optional question (SQ4) about AA definition. As shown in Table 38, five 
types of AA definitions were collected and identified, which indicates that 
respondents had different understanding on the AA concept [34]. Most 
respondents considered AAs as a type of uncertain requirements, conjectures 
about the architecture, or constraints on a system or an architecture. Note that 
requirement assumptions in [5] and the “Requirement” type of AAs identified 
through this survey are similar. The relationship between these two types of 
assumptions is that all the AAs in “Requirement” type are uncertain 
architecturally significant requirements (e.g., the architect assumes that the 
number of users (visitors) of the system would be around 1 million per day), 
which are a subset of requirement assumptions. A comparison of the AA 
definitions got in this survey with existing AA definitions is provided in Table 44, 
and the results of this survey show that AAs are related to various aspects of a 
system, but not limited to architectural elements (architectural design decisions or 
system structure). This is in line with the findings presented in Fig. 28: AA is 
regarded as an important element, in both architecting and the whole software 
development lifecycle, and its management should be spread throughout the 
software development lifecycle. 

Considering the various definitions of AA in this survey (as shown in Table 38), 
we argue that AA Identification and Description should not be limited to a single 
software development phase (e.g., architecting), but managed throughout the 
software development lifecycle. Furthermore, prior to applying AA Identification 
and description in a project, reaching a common understanding of AAs among 
different stakeholders in the project is needed and may be critical to the successful 
utilization of AAs. 

 
Table 44. Comparison of architectural assumption definitions 

Source Architectural assumption definition 

Our survey Requirement: AAs are a type of uncertain requirements (functional or non-
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functional). 

Architecture: AAs represent conjectures about the architecture (e.g., assumptions 
about scenarios to support architecture evaluation). 

Constraint: AAs are regarded as constraints on a system or constraints on an 
architecture. 

Risk: AAs are considered as inputs to manage risks (e.g., for risk prediction). 

Project context: AAs are conjectures about the project context. 

Lago and van 
Vliet  [34] 

The reasons for architectural design decisions that are arbitrarily taken based on 
personal experience and knowledge. 

Roeller et al. [4] A type of architectural design decisions as well as the reasons for making the 
architectural design decisions. 

Van Landuyt et 
al. [27] 

Typically assumptions about the structure of the system under development 
(e.g., components). 

 

AA example: 73.2% (82 out of 112) respondents gave at least one AA example 
(question SQ5). It was surprising that even the respondents, who had never 
identified or described AAs in their projects, still came up with meaningful AA 
examples. According to the responses, we developed a new classification of AAs 
with three types and four subtypes as shown in Table 39, which is a subset of the 
five types of AA definitions in Table 38. The AA classification developed in this 
survey based on AA examples is partially overlapping with existing AA 
classifications as shown in Table 45. For example, nature of components and 
nature of connectors [9] can be mapped to “Architecture”, and managerial 
assumptions and organizational assumptions [34] can be mapped to “Organization” 
(in Table 39). However, neither of the classifications ([9] and [34]) included 
“Requirement” (which in our case is architecturally significant requirement) and 
“Business” (e.g., assumptions about project deadlines) as AA types. This finding 
indicates that AAs are understood in different ways by various stakeholders 
depending on their focus and interests (e.g., business, requirements, or 
architecture). 

 
Table 45. Comparison of classifications of architectural assumption examples 

Source Classification of architectural assumption examples 

Our survey Requirement (Functional requirement and Non-functional requirement) 

Architecture 

Project context (Organization and Business) 

Garlan et al. 
[9] 

Assumption about the nature of components 

Assumption about the nature of connectors 

Assumption about the global architectural structure 

Assumption about the construction process (development environment and build) 

Lago and van 
Vliet [34] 

Managerial assumption 

Organizational assumption 

Technical assumption 
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Roeller et al. 
[4] 

Implicit and undocumented assumption 

Explicit but undocumented assumption 

Explicit and explicitly undocumented assumption 

Explicit and documented assumption 

 

Importance of AAs: As shown in Fig. 28, more than 50% of the respondents 
considered that AAs are important in both software architecting (51.8%, 58 out of 
112) and the software development lifecycle (50.9%, 57 out of 112). This result 
indicates that it is worth to manage AAs (e.g., identifying and describing AAs) in 
projects. Furthermore, 33.0% (37 out of 112) of the respondents thought AAs are 
“very important” in software architecting, but only 21.4% (24 out of 112) 
considered AAs are “very important” in the whole software development lifecycle. 
This is not a surprising result, because AAs as well as their management are 
mainly related to architecting. 

5.5.2 Challenges and impediments 
The survey results (see Fig. 30, Fig. 31, Fig. 33, and Fig. 34) show that the 

challenges of identifying and describing AAs and the reasons for not identifying 
and describing AAs (impediments) are largely overlapping. In summary, we 
classified them into four types: 

(1) Lack of approaches, tools, and guidelines for AA Identification and 
Description (mentioned as both challenges and impediments) 

This finding has also been discussed in Section 5.5.3 regarding the lack of 
approaches and tools for AA Identification and Description, so we do not repeat it 
here. 

(2) Time constraint of projects (mentioned as both challenges and 
impediments) 

Industrial projects are by and large under time pressure; this is also the case for 
industry in China. Several factors such as market pressure of fast delivery or 
project deadlines force development teams to ignore AA Identification and 
Description. One of the respondents interviewed in the pilot study said: “It may be 
risky, if the development team does not identify and describe AAs. However, it can save 
time, which is more important to the whole project.” Providing lightweight approaches 
with supporting tools for AA Identification and Description may partially alleviate 
this problem. 

(3) Characteristics of respondents (mentioned as both challenges and 
impediments) 

Characteristics of the respondents include e.g., their experience, knowledge, and 
personal preferences. The lack of a common understanding of the AA concept was 
regarded as an important impediment for not identifying and describing AAs. The 
respondents emphasized that if they are not familiar with the AA concept, they 
could neither identify nor describe AAs in projects, which is also emphasized by 
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Roeller et al. [4]. As shown in Fig. 29 and Fig. 32, only a few respondents identified 
and described AAs in their projects. One challenge is that the practitioners were 
not aware of the assumptions when they made them, which is mainly due to their 
unfamiliarity of the AA concept. Two respondents stated that “Making 
assumptions implicitly without being aware of them” is a reason for not 
identifying AAs, and four respondents considered it as the same impediment for 
not describing AAs. We argue that the characteristics of practitioners have a 
significant impact on the identification and description of AAs. For example, if an 
architect does not care about AAs or is even unfamiliar with this concept, s/he 
may not spend time and effort on identifying and describing AAs in projects. To 
address this problem, it is viable to educate practitioners by e.g., tutorials to 
understand the AA concept, its importance, and become aware of the approaches, 
tools, and guidelines for AA Identification and Description, as well as their costs 
and benefits. 

(4) Others (mentioned as either challenges or impediments) 

The lack of support from specific stakeholders (such as customers and team 
leaders) in a project was regarded as an important challenge and obstacle in 
identifying and describing AAs. This is related to the finding that the AA concept 
is not commonly understood in practice as discussed in Section 5.5.1. For example, 
a project manager would not support the architect in her/his team to identify and 
describe AAs in a project, and regard it as waste of time, if the manager has no 
idea of what AAs are and the importance of AAs. To address this challenge, it is 
necessary and beneficial to present the cost-benefit analysis of AA Identification 
and Description to all stakeholders (e.g., project manager) before the development. 

The lack of support from AA experts is another important challenge. It would be 
difficult for the development team to identify and describe AAs, if no one is 
familiar with the AA concept and its management. To address this challenge, the 
education of AAs mentioned in point (3) of this section, and frequent 
communication between involved stakeholders and AA experts (e.g., senior 
architects) are encouraged. 

Additionally, we argue that the evaluation of the costs and benefits of 
identifying and describing AAs should be another important impediment: 
practitioners are rightfully reluctant to perform activities that do not have a clear 
and favorable cost-benefit ratio. To address this impediment, we need to conduct 
more empirical studies (e.g., surveys and case studies) and provide evidential data 
for the cost-benefit analysis of AA Identification and Description in development. 

5.5.3 Approaches and tools 
Our results show that there is a gap between how AAs are regarded in 

industrial software development and how they are supported. On the one hand, 
most respondents considered that AAs are important in both software architecting 
and the software development lifecycle (see Section 5.4.3); on the other hand, there 
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is a lack of approaches and tools to identify and describe AAs (see Section 5.4.4 
and 5.4.5). This gap can be the motivation for researchers and practitioners to 
investigate, develop, and practice more suitable and dedicated approaches and 
tools for AA Identification and Description. 

24.5% of the respondents (12 out of 49) identified AAs based on their personal 
experience and knowledge (in Table 41). Like in most software engineering 
activities, prior experience and knowledge can be a significant factor in dealing 
with AAs [77]. Future approaches for managing AAs should take this factor into 
account in order to support stakeholders with a varying level of experience and 
knowledge. 

The three tools that the respondents reported for AA Identification and the six 
tools for AA Description are general tools in software development, and by no 
means dedicated for the purpose of identifying or describing AAs. It is important 
to understand the needs of practitioners when identifying and describing AAs in 
various development context, and provide dedicated tools to support these two 
AA activities. As mentioned in Section 5.5.2, “Time constraint of projects” was 
identified as both challenges and impediments in AA Identification and 
Description. We can then conclude that the tools for AA Identification and 
Description should be lightweight, well-integrated with existing tools, and provide 
just-in-time support for the AA activities without the necessity of a priori effort, in 
order to alleviate the time pressure in development. 

Identifying and describing AAs can be either performed independently in 
software development or integrated with the management of other artifacts (e.g., 
architectural design decisions) depending on the understanding of AAs. Further 
research on AA Identification and Description approaches and tools with which 
AA Identification and Description can provide more benefits than costs would be 
beneficial. For example, a project with limited resources may afford to spend only 
little effort on AA Identification but still expect some benefit, thus requiring a 
lightweight approach. 

5.5.4 Impact of the characteristics of respondents 
In order to understand the impact of the characteristics of respondents to the 

survey results, we classified the respondents into two groups according to their 
main tasks in development (DQ3) and their experience in software architecting 
(DQ5). 

(1) Main tasks in development 

The respondents who chose the tasks “Architecture design” or “Detailed design” 
as their main tasks in development (see Fig. 23), have more frequently used the AA 
term (SQ2, 15.0% vs. 6.3%), and identified (SQ8, 50.0% vs. 28.1%) and described 
(SQ12, 21.3% vs. 15.6%) AAs than the respondents who chose other tasks (e.g., 
testing). This comparison indicates that the architects and designers are more 
likely to be familiar with the concept of AA and use it in their everyday practice. 
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(2) Experience in software architecting 

The respondents who have at least 3 years of experience in software architecting 
are more familiar with the AA term (SQ1, 39.0% vs. 26.4%), more frequently used 
the AA term (SQ2, 16.9% vs. 7.5%), and identified (SQ8, 59.3% vs. 26.4%) and 
described (SQ12, 23.7% vs. 15.1%) AAs than the respondents with less than 3 years 
of experience in software architecting. This comparison implies that experience in 
software architecting is an important factor that impacts understanding, 
identifying, and describing AAs. 

5.5.5 Attitude and location of target population 
More than 900 visitors entered the questionnaire system, and 213 of them (about 

24%) completed the survey until the end. We do not know at which specific 
question visitors stopped and dropped out, because the questionnaire system that 
hosts this survey does not support this function. It is not a surprising result that 
less than one-quarter visitors finished the questionnaire; in a survey for a similar 
topic (architecture design rationale), a similar response rate (about 23%) was 
observed [68]. Most visitors we invited came from the three technical websites 
presented in Section 5.3.2.2. These visitors have the title of “architect”, wrote SA 
blogs, or just show an interest in SA, but we have no comprehensive information 
about their expertise or their role(s) in their companies. Because of this limited 
personal information, it is possible that we sent the invitation to people without 
much interest in the topic of AAs. We list other four possible reasons for the low 
response rate: (1) the same person may enter the questionnaire system several 
times. For example, the authors had to enter the system to check the questionnaire; 
(2) the visitor had little knowledge of software architecture or design (e.g., had no 
idea of the AA concept), and the questionnaire was difficult for the visitor to 
understand; (3) the visitor lost patience when answering certain questions; (4) 10 - 
15 minutes for finishing the questionnaire was still too long for the visitor. 

As mentioned in Section 5.4.1, 101 (47.4%) invalid responses were excluded 
based on the selection criteria. We list two possible reasons for this high 
percentage: (1) the respondent had no interest in this topic (AAs) or lost patience 
when answering certain questions, and answered the questions carelessly (e.g., 
answer like “aaa” or “…”); (2) the respondent had little knowledge of software 
architecture or design (e.g., had no idea of the AA concept), and they just finished 
the questionnaire by clicking next. 

Beijing (24 out of 112, 21.4%), Shenzhen (21 out of 112, 18.8%), Shanghai (11 out 
of 112, 9.8%), and Guangzhou (9 out of 112, 8.0%) are the four leading cities in the 
survey (in Table 37). This is reasonable as these four cities are the most developed 
cities of China [69]. Note that no respondents come from Hong Kong, Macao, and 
Taiwan. The main reasons are that: (1) the three websites used for inviting 
potential participants are not the major media for the practitioners in these three 
regions; (2) the social networks that we used mainly target users from mainland 
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China; (3) the International Architect Summit in Beijing primarily attracts 
participants from mainland China. 

5.6 Threats to validity 
The threats to the validity of the survey results are discussed in this section 

according to the guidelines by Wohlin et al. [66]. Internal validity is not discussed 
as this survey did not deal with causality between variables and the survey results. 

Construct validity in a survey focuses on whether the survey constructs are 
defined and interpreted correctly [67]. 

AA is the core construct of the survey. According to the results of this survey, 
there is no common understanding among practitioners about the concept of AA, 
only 33.0% (37 out of 112) respondents were familiar with the AA term, and only 
12.5% (14 out of 112) respondents used the term in their projects, which may lead 
to a threat of AA misinterpretation. However, we can still conclude that most of 
the respondents had a fair understanding of the AA concept based on the points 
below: 

The AA term is not the same as the AA concept. It is possible that a respondent 
is not familiar with the AA term and never used it, but has a fair understanding of 
the AA concept. Evidence can be found in the answers of SQ4 and SQ5: most of the 
respondents came up with meaningful AA examples (73.2%, 82 out of 112, 
respondents gave at least one meaningful AA example), which is an evidence to 
support that most of the respondents understood the AA concept. 

We conducted three interviews in the pilot study and tried to find a term of AA 
in Chinese commonly used by practitioners. The interviewees told us that they 
could understand the AA term we proposed, and they believed that the AA 
concept does exist in software development and architecting. But all the three 
interviewees (Chinese) could not provide a better term than the one we proposed. 

We provided an example of assumptions from everyday life (when reserving a 
wedding party, you assumed that 80% of the total 100 people who were invited would 
attend the party, and based on this assumption, you decided to book 7 tables and 1 backup 
table in the restaurant) at the welcome page of the survey. By providing this non-
technical example, we intended to help the respondents to better understand the 
AA term with their architecting experience (most of the respondents, 97.3%, 109 
out of 112, have experience in software architecting); furthermore a non-technical 
example of assumptions would not bias the respondents from providing their own 
understanding of AAs. 

It is possible that some respondents might have managed AAs in their projects, 
but answered “No” to the specific questions (e.g., SQ4 and SQ5) simply because 
they never heard the AA term we proposed. This may have resulted in missing 
some valid answers from those respondents. 

Another threat concerns whether questions can be clearly understood. To 
mitigate this threat, the survey protocol was reviewed by all the authors and two 
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colleagues, and we made a pilot study with three interviews to examine their 
understanding of the survey questions. 

We also considered that the questions may not be truthfully answered by the 
respondents [76]. To minimize this threat, we limited participation to a strictly 
voluntary and anonymous basis. However, this threat cannot be fully eliminated 
[76]. 

Finally, since all the responses were written in Chinese, the translation of the 
raw data from Chinese to English may have resulted in lost or corrupted 
information. To minimize this threat, two authors who are native Chinese speakers 
translated the raw data together, and discussed the translation results with the 
third author to make sure the translation was as precise as possible. 

External validity refers to the degree to which the findings from this survey can 
be generalized [67]. There is always a risk in surveys that the sample is biased (not 
being representative of the target population) when using a Non-Probabilistic 
Sampling method. To mitigate this threat, besides asking the contacts of our social 
networks, three popular technical websites and one international meeting of 
software architecture (International Architect Summit) were used to ensure that we 
attracted participants from diverse backgrounds and organizations. Thus we can 
assert that the results are representative for Chinese practitioners with profiles 
similar to those described in Section 5.3.2.2. It is possible that the results are 
generalizable to other countries too, but this can only be confirmed by replicating 
this study. 

Reliability focuses on whether the survey would yield the same results if other 
researchers replicated it [67]. To mitigate this threat, two authors analyzed the data 
independently, and discussed the analysis results with the third author in case of 
conflicts until an agreement was reached. Furthermore, reliability can be affected 
due to a different understanding by different researchers of the inclusion and 
exclusion criteria for selecting responses (see Section 5.3.2.3). To minimize this 
potential bias of researchers, the inclusion and exclusion criteria were designed, 
discussed, and verified in a pilot study (seven respondents with three interviews). 
Finally, different understandings by different researchers of the answers to the 
survey questions may lead to a threat of misinterpretation of these answers. To 
mitigate this threat, the authors discussed the survey data and reached a consensus 
on the understanding of the answers to the survey questions. 

5.7 Conclusions 
We gained insight on the topic of AAs, regarding how practitioners understand 

AAs and their importance, and whether and how they identify and describe AAs 
in software development. The survey is interesting for practitioners who are 
interested in identifying and describing AAs in their projects, as well as for 
researchers who are interested in exploring the understanding of AAs and 
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providing support for identifying and describing AAs in practice. We analyzed 112 
valid responses and the main findings are as follows: 

AAs are important in both software architecting and the software development 
lifecycle, and they are worth to be managed (e.g., identifying and describing) in 
projects. However, practitioners understand AAs in different ways, and use 
different terms to represent the AA concept. 

The concept of AA is regarded in five different ways that can be classified in 
corresponding categories (i.e., “Requirement”, “Architecture”, “Constraint”, 
“Risk”, and “Project context”). 

Only a few respondents identified and described AAs in their projects, and very 
few approaches and tools were used for identifying and describing AAs. 

The results of this survey show that the challenges of identifying and describing 
AAs and the reasons for not identifying and describing AAs are largely 
overlapping. The most significant challenges (reasons) are the lack of dedicated 
approaches and tools for AA Identification and Description. 

There is a discrepancy in how AAs are treated in software development. On the 
one hand, most respondents considered that AAs are important in both software 
architecting and the software development lifecycle; on the other hand, there is a 
lack of approaches and tools used in practice to identify and describe AAs. 

The results of this chapter confirm that Architectural Assumption Description 
(or lack thereof) is a real problem in industry, and the existing approaches are not 
able to satisfy certain concerns from stakeholders in describing architectural 
assumptions in software development. Next chapter we introduce a solution for 
Architectural Assumption Description. 
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Chapter 6  An Industrial Case Study on an 
Architectural Assumption 
Documentation Framework 

[Based on: C. Yang, P. Liang, P. Avgeriou, U. Eliasson, R. Heldal, P. 
Pelliccione, and T. Bi. An industrial case study on an Architectural 
Assumption Documentation Framework. Journal of Systems and Software, 
134(12): 190-210, 2017.] 

Abstract 

As an important type of architectural knowledge, documenting 
architectural assumptions is critical to the success of projects. In this 
chapter, we proposed and validated an Architectural Assumption 
Documentation Framework, which is composed of four viewpoints 
(i.e., the Detail, Relationship, Tracing, and Evolution viewpoint), to 
document architectural assumptions in projects. One case study with 
two cases was conducted at two companies from different domains 
and countries. The main findings are: (1) the Architectural 
Assumption Documentation Framework can be understood by 
architects in a short time (i.e., a half day workshop); (2) the 
Architectural Assumption Evolution view requires the least time to 
create, followed by the Architectural Assumption Detail view and the 
Architectural Assumption Relationship view; (3) the framework can 
help stakeholders to identify risks and understand architectural 
assumptions documented by other stakeholders; and (4) 
understanding and applying the framework is related to various 
factors, including factors regarding the framework per se (e.g., 
tutorial, examples, concepts, and terms), personal experience, 
resources (e.g., time), tool support, and project context (e.g., project 
size and number of architectural assumptions). Adjusting these 
factors in an appropriate way can facilitate the usage of the 
framework and further benefit the projects. 

6.1 Introduction 
In this chapter we propose an Architectural Assumption Documentation 

Framework (AADF), which is composed of four viewpoints: (1) The AA 
Relationship viewpoint, which describes relationships between AAs. (2) The AA 
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Tracing viewpoint, which describes relationships between AAs and other types of 
software artifacts. (3) The AA Evolution viewpoint, which documents how AAs 
evolve over time. (4) The Architectural Assumption Detail viewpoint, which 
provides all detailed information about AAs. These four viewpoints frame 23 AA 
concerns, which were identified and collected from the existing literature, and 
refined by the first three authors and six architects from industry in a three-round 
selection process. Furthermore, we conducted an industrial case study with two 
cases of two companies (i.e., IBO Technology 24  and Volvo Cars 25 ) from two 
domains (Internet of Things and Automotive industry respectively) in two 
countries (China and Sweden respectively) to validate the effectiveness of AADF. 

The results indicate that (1) AADF can be understood in a short time (i.e., a half 
day workshop); (2) the AA Evolution view requires the least time to create, 
followed by the AA Detail view and the AA Relationship view; (3) AADF can help 
stakeholders to identify risks and understand AAs in projects (the AAs 
documented by other stakeholders); and (4) understanding and applying AADF is 
related to various factors, including factors regarding the framework per se (e.g., 
tutorial, examples, concepts, and terms), personal experience, resources (e.g., time), 
tool support, and project context (e.g., project size and number of AAs). We 
exemplify two of these factors: (a) experienced software engineers (e.g., architects) 
can understand and use AADF easier and better than junior software engineers; (b) 
Tool support is critical for the application of AADF in practice, for example, to deal 
with different project context and provide good quality of outputs. Adjusting these 
factors in an appropriate way can facilitate the usage of AADF and further benefit 
the projects. 

The rest of the chapter is structured as follows: Section 6.2 describes related 
work on software assumptions and their documentation. Section 6.3 introduces 
AADF in detail. Section 6.4 presents the case study design used to evaluate the 
effectiveness of AADF. Section 6.5 describes the results of the case study and 
Section 6.6 presents the interpretations and implications of the results. Section 6.7 
discusses the threats to the validity of the case study, and Section 6.8 concludes 
this chapter. 

6.2 Related work 
The works presented in this section first investigate different types of 

assumptions in software development as well as their documentation, and then 
compare them to our work. 

                                                           
24 http://www.ibotech.com.cn/ 

25 http://www.volvocars.com/ 

http://www.ibotech.com.cn/
http://www.volvocars.com/
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6.2.1 Architectural assumptions and their documentation 
Roeller et al. [4] proposed an approach for AA Recovery, and used a template 

with three elements “Suspicious effect”, “Interview”, and “Assumption” to 
document AAs in projects. Garlan et al. [9] treated AAs as an important factor that 
causes architectural mismatch. The authors suggested that guidelines should be 
provided for documenting AAs (e.g., how to integrate AAs Documentation into 
architecture documentation). The authors further summarized several approaches 
(e.g., architecture views and description languages) and techniques (e.g., XML) to 
support AAs Documentation. Van Landuyt et al. [27] discussed a specific type of 
AAs (i.e., early AAs), which are made by requirements engineers in the early 
phases of development (e.g., requirements elicitation). The authors highlighted the 
necessity for the documentation of early AAs. In their subsequent work, Van 
Landuyt and Joosen [13] introduced a metamodel and an instantiation strategy to 
document early AAs based on quality attribute scenarios and use cases. 
Ordibehesht [85] argued that implicit and invalid AAs are the major cause that 
leads to system failures and poor performance. The author proposed an approach 
based on an architectural analysis and description language to document AAs in 
software development. Mamun and Hansson [47] conducted a literature review on 
the topic of assumptions in the context of software development. In this review, 
the authors identified problems (e.g., architectural mismatch), challenges (e.g., 
distinguishing assumptions from other software artifacts), and approaches (e.g., 
assumption description language) for assumption management (e.g., Assumption 
Documentation). In their following work, Mamun et al. [86] proposed to use Alloy 
language to document AAs in software development. 

6.2.2 Other types of assumptions and their 
documentation 

Lewis et al. [7] identified several problems caused by not documenting 
assumptions in projects. For example, if assumptions are implicit, stakeholders 
may not be aware of the evolution of these assumptions (e.g., valid assumptions 
turning out to be invalid over time). Additionally, the authors developed an 
Assumption Management System for Assumption Documentation in software 
development. Lago and van Vliet [34] noted that stakeholders make assumptions 
about what will (or will not) change during development, and these assumptions 
are connected to system variability and invariability. The authors designed a 
metamodel for Assumption Documentation, and showed how to model 
assumptions in an explicit way based on a product family. Ostacchini and 
Wermelinger [63] emphasized that, in agile development, most assumptions are 
implicit, and explicitly documenting assumptions is important. The authors 
developed a process for assumption management (e.g., using an assumption 
model to document assumptions) in agile development. Furthermore, the authors 
summarized the lessons learned for managing assumptions (e.g., Assumption 
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Documentation). Steingruebl and Peterson [11] introduced several specific 
approaches and techniques to document different types of assumptions in 
software development. For example, the authors suggested that stakeholders can 
use requirements documentation, dataflow diagrams, and threats modeling to 
document software design assumptions, and use source code annotations and 
contract languages (e.g., Eiffel) to document implementation assumptions. Haley et 
al. [5] concentrated on trust assumptions, and pointed out that the essence of these 
assumptions is to trust the characteristics of domains. The authors emphasized that 
trust assumptions can impact the security of systems (i.e., security requirements) 
and should be documented in software development. The authors also proposed a 
framework to document trust assumptions with security requirements in projects. 
Miranskyy et al. [83] traced assumptions to requirements, and designed a 
quantitative and mathematical model (using Boolean network and stochastic 
processes) to document these assumptions with requirements in software 
development. Tirumala et al. [70] mentioned that many component assumptions 
are implicit and undocumented in projects, and not documenting component 
assumptions may lead to several problems (e.g., component mismatch). The 
authors proposed a framework with a dedicated tool using XML, to document 
component assumptions in software development. Uchitel and Yankelevich [84] 
described the problems of component assumptions and developed guidelines on 
how to use the existing architectural description languages to document 
component assumptions. For example, the authors highlighted that component 
assumption documentation should be independent, instead of, for example, 
combining it into component behavioral description. Lehman and Ramil [6] 
discussed the role of assumptions at the implementation level, as well as the 
problems caused by these assumptions. For example, the authors stated that 
invalid assumptions could lead to uncertain and/or unacceptable program 
behavior, and documenting these assumptions is a solution to address such 
problems. Furthermore, the authors noted several lessons learned for assumption 
management (e.g., assumptions should be documented iteratively in various 
phases of the development). Zschaler and Rashid [71] focused on aspect 
assumptions in aspect-oriented software development (e.g., assuming the context 
in which the aspects are used). In their work, the authors used a template with four 
elements “Name”, “Description”, “Examples”, and “Discussion” to document 
aspect assumptions. 

6.2.3 Comparison to related work 
The majority of the related work does not deal with AAs but with other types of 

assumptions within different phases of software development. Assumption 
Documentation approaches, techniques, and tools designed for other phases of 
software development may not be suitable for AAs Documentation. For example, 
our systematic mapping study (see Chapter 2) reports that in the context of 
software design, architects and designers are the major stakeholders in assumption 
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management. Therefore, we considered that managing AAs in a project is mainly 
the responsibility of architects, designers, and architecture reviewers; for other 
types of assumptions, the stakeholders could be diverse (e.g., requirements 
engineers, developers, and project managers).  

There is also related work that targets AAs and their documentation specifically. 
We see the following limitations in the work: (1) Different stakeholders have 
various AA concerns, but the existing approaches only address few of them, and 
the connections between AA concerns and stakeholders are not clear; and (2) It is 
unclear which AA concerns are addressed by the proposed approaches, and how 
they address the concerns. 

Additionally, AADF in this chapter can be compared to other Architecture 
Frameworks, such as the Architecture Decision Documentation Framework 
proposed by van Heesch et al. [90]. The only common element between these two 
frameworks is that both of them follow the same standard – ISO/IEC/IEEE Std 
42010-2011 [1]; all the other parts of the design of the two frameworks are different. 
First, the two frameworks were developed based on different motivations. The 
motivation of this work is based on our industrial survey on AAs (see Chapter 5) 
and a systematic mapping study on assumptions and their management in 
software development (see Chapter 2). Furthermore, the two frameworks used 
different process for identifying and selecting concerns. We collected 78 concerns 
on assumptions from the existing literature. 23 AA concerns were finally selected 
and four categories of the concerns (i.e., addressed by the four AADF viewpoints) 
were classified by using Constant Comparison [20]. Finally, the metamodels in the 
two frameworks are completely different. 

AADF is the first approach that proposes a framework for AAs Documentation. 
This framework aims at documenting AAs in an explicit and systematic way based 
on the AA concerns of stakeholders (see Section 6.3.1). AADF not only provides a 
template to document the details of each AA, but also supports stakeholders to get 
an overview of the relationships between AAs, trace AAs to other types of 
software artifacts, and monitor the evolution of AAs in software development. 

6.3 A framework for architectural assumption 
documentation 

In this chapter, we advocate treating AAs as first class entities in architecture 
documentation, and we focus on documenting them – we do not focus on 
documenting other types of artifacts such as decisions. An architecture framework 
“establishes a common practice for creating, interpreting, analyzing, and using 
architecture descriptions within a particular domain of application or stakeholder 
community.” [1]. As shown in Fig. 35, an architecture framework is composed of a 
set of viewpoints, which can be used to address specific concerns of stakeholders. 
In this chapter, we developed AADF based on the guidelines proposed in 
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ISO/IEC/IEEE 42010 [1] using the following process (further elaborated in Section 
6.3.1): (1) we identified 24 AA concerns in a three-round selection process with six 
architects. We established that one concern cannot be framed in a single viewpoint 
and was therefore removed, namely “Which AA should be maintained during the 
software engineering lifecycle? (AA maintenance means the modification of assumptions, 
e.g., fix the conflicts between assumptions and other software artifacts, modify inconsistent 
assumptions, and remove invalid assumptions)”; (2) we identified eight types of 
stakeholders with two architects; (3) we related the eight types of stakeholders to 
the 23 concerns with two architects; and (4) we developed four viewpoints that 
frame the 23 concerns by using Constant Comparison (following the guidelines 
proposed by Glaser and Strauss [20]). As mentioned in literature (e.g., [20][50]), 
Constant Comparison provides a systematic way to generate, for example, 
concepts from incidents, and a continuous process of verification of the generated 
concepts and categories. We coded the concerns as incidents, compared these 
incidents to each other to generate concepts, and further performed comparison 
among incidents and concepts to generate categories. This process was iteratively 
conducted by the first author. The second and third author reviewed the results of 
each iteration.  

 

 
Fig. 35. Conceptual model of architecture framework from ISO/IEC/IEEE 42010 [1] 

 

Section 6.3.1 presents the concerns for architectural assumptions. The elements 
as well as the concerns addressed by the corresponding four viewpoints are 
elaborated in Sections 6.3.2 to Section 6.3.5 respectively. Table 103 in Appendix D.2 
further shows definitions of context elements (e.g., requirement, artifact, and risk) 
related to AADF. Section 6.3.6 provides guidelines on using AADF, including the 
correspondence rules, the essential, important, and optional elements of AADF, 
and the benefits and costs of using AADF. 
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6.3.1 Concerns for architectural assumptions 
AAs should be documented to support software development (see Chapter 5). 

However, there is a lack of widely accepted understanding on the concerns of 
stakeholders that should be addressed when documenting AAs. A concern is any 
interest in a system related to stakeholders [1].  

We identified and collected 78 related concerns from the existing literature, 
which is part of our earlier work (see Chapter 2). We further conducted a three-
round selection to refine the concerns as detailed below.  

In the first round, the first three authors merged the concerns that have a similar 
meaning; 44 concerns were left in this round. Note that the activity was iterated 
also in the other rounds of selection. 

In the second round, the second and third author ranked the importance of the 
44 concerns according to their experience and knowledge on AAs in software 
development through a questionnaire using a 5-point Likert-scale [87] (i.e., 1 being 
the least important and 5 being the most important). If a concern got a ranking 
below 3 by both the second and third author, the first three authors further 
discussed whether this concern should be removed. 7 concerns were removed in 
this round.  

In the third round, we invited six architects from industry to rank the 
importance of the 37 concerns according to their experience and knowledge on 
AAs in software development also through a questionnaire using a 5-point Likert-
scale (i.e., 1 being the least important and 5 being the most important). All six 
architects had at least six years of working experience in IT industry, ranging from 
6 to 34 years (average: 15.67 years); and at least four years of working experience in 
software architecting, ranging from 4 to 22 years (average: 10.33 years). If a 
concern got a ranking below 18 in total, the first three authors further discussed to 
decide whether this concern should be removed.  

Table 46 shows the selected AA concerns. We acknowledge that certain steps in 
the selection process of AA concerns are subjective and may have introduced bias. 
This may pose risks to the design of AADF. To make this process as transparent as 
possible, we made the materials of this work available online [92]. 

 
Table 46. Concerns for architectural assumptions 

ID Concern 

C1  Which AAs have been made? 

C2  What risks are caused by assumption A? 

C3  Which stakeholders are affected by assumption A? 

C4  Which AAs are influenced by stakeholder S? (E.g., we may need to revisit some 
assumptions, when stakeholder S no longer has a stake in the project or changes his/her 
stake.) 

C5  Which AAs conflict with assumption A? 

C6  Which AAs are constrained by assumption A? 
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C7  Which AAs are caused by assumption A? 

C8  Which AAs are the alternatives of assumption A? 

C9  Which AAs are strengthened by assumption A? 

C10  Which AAs are weakened by assumption A? 

C11  Which AAs are related to assumption A? 

C12  What is the relationship between Assumption A and Requirement R?  

C13  What is the relationship between Assumption A and Architectural Design Decision D?  

C14  What is the relationship between Assumption A and Component C?  

C15  What is the relationship between AAs and changes in the system? (E.g., changes on 
requirements, architectural design decisions, or components) 

C16  Which AAs change and when? (AAs can evolve over time, for example, turning from valid 
to invalid during its lifecycle.) 

C17  What is the plan when an assumption A changes? (E.g., when assumption A turns to be 
invalid, stakeholders may need to make a plan, instead of modifying it immediately.) 

C18  Which AAs are violated (conflict with other artifacts) during the software engineering 
lifecycle? 

C19  How did assumption A change over time? 

C20  What is the state (e.g., “Modified” and “Valid”) of assumption A? 

C21  What is the rationale behind assumption A? 

C22  What are the pros and cons of assumption A? 

C23  What makes assumption A invalid (the reasons)? 

 

As mentioned in ISO/IEC/IEEE Std 42010 [1]: “A concern could be held by one or 
more stakeholders. In general, the association of concerns with stakeholders is many-to-
many.” The AA concerns and their stakeholders act as a basis for the development 
of AADF. We applied the following process to identify stakeholders and assign 
stakeholders to the AA concerns:  

We interviewed the two architects who participated in the third-round selection 
of AA concerns, and asked them about the potential stakeholders who may have 
an interest in AAs and their documentation. Eight types of stakeholders were 
identified.  

The first author and the two architects assigned stakeholders to concerns after 
stakeholders identification, and the other authors reviewed the results (see Table 
47). 

 
Table 47. Stakeholders and their concerns for architectural assumptions 

Stakeholder Concerns for architectural assumptions 

Project manager C1, C2, C17, C20, C22 

Requirements engineer C1, C12, C15, C17, C20 

Architect & Designer C1, C2, C3, C4, C5, C6, C7, C8, C9, C10, C11, C12, C13, C14, C15, C16, C17, 
C18, C19, C20, C21, C22, C23 

Developer C1, C3, C14, C15, C17, C20 
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Tester C1, C14, C15, C17, C20 

Maintainer C1, C3, C14, C15, C17, C20 

Customer & User C1, C2, C12, C20 

Architecture reviewer C1, C2, C5, C6, C7, C8, C9, C10, C11, C12, C13, C14, C15, C16, C17, C18, 
C19, C20, C21, C22, C23 

 

6.3.2 Architectural Assumption Relationship viewpoint 
The AA Relationship viewpoint is used to capture the relationships between 

AAs (in Table 48). The metamodel of this viewpoint is shown in Fig. 36. The 
relationship types in the AA Relationship viewpoint are based on the identified 
AA concerns.  

 
Table 48. Relationships between architectural assumptions 

Relationship Description Concerns 

A conflicts with B A symmetrical relationship that indicates that the two 
assumptions A and B are mutually exclusive. 

C5 

A constrains B Assumption B is tied to Assumption A. If Assumption A is 
changed, then Assumption B should be revisited. 

C6 

A is caused by B Assumption B causes the making of Assumption A. C7 

A is an alternative to B Assumption A and B can be a substitute of each other.  C8 

A strengthens B Assumption A increases the possibility of Assumption B 
being valid. 

C9 

A weakens B Assumption A decreases the possibility of Assumption B 
being valid. 

C10 

A is related to B There is a relation between the two AAs, and the type of 
this relationship is not covered by the types listed above.  

C11 

 

 
Fig. 36. Metamodel of Architectural Assumption Relationship viewpoint 

 

6.3.3 Architectural Assumption Tracing viewpoint 
AAs are related to various types of software artifacts such as requirements and 

architectural design decisions. The AA Tracing viewpoint presents such 
relationships (in Table 49). Fig. 37 shows the metamodel. To make the relationship 
types between AAs and between AAs and other types of software artifacts 
consistent, we used the same set of relationships in the AA Tracing viewpoint, 

Architectural 
assumption

0...*

0...*

relationship
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except for the relationship type "is an alternative to", because an AA cannot be an 
alternative to another type of artifacts. 

 
Table 49. Relationships between architectural assumptions and other software artifacts 

Relationship Description Concerns 

A conflicts with B A symmetrical relationship indicating that artifact A and 
assumption B are mutually exclusive. 

C2, C12, 
C13, C14 

A constrains B Assumption B is tied to Artifact A. If Artifact A is changed, 
then Assumption B should be revisited or vice versa.  

A is caused by B Artifact A causes the making of Assumption B or vice versa. 

A strengthens B Artifact A increases the possibility of assumption B being valid. 

A weakens B Artifact A decreases the possibility of assumption B being valid. 

A is related to B There is a relation between artifact A and assumption B, and 
the type of this relationship is not covered by the types listed 
above.  

 

 
Fig. 37. Metamodel of Architectural Assumption Tracing viewpoint 

 

The AA Tracing viewpoint traces AAs to four types of software artifacts: (1) 
requirements (C12); (2) architectural design decisions (C13); (3) system 
components (C14); and (4) risks (C2). 

6.3.4 Architectural Assumption Evolution viewpoint 
Similar to other types of assumptions in software engineering, AAs have a 

dynamic characteristic: the system as well as the project context (e.g., market), is 
changing over time, possibly making assumptions invalid, which may cause 
problems in projects [7]. For example, consider a stakeholder assuming that a 
third-party component can be used in her/his project. However, during 
development, the stakeholder discovers that some problems caused by the 
component cannot be addressed, because of the lack of key information (e.g., 
design rationale) of the component. In this case, the original AA: “the third-party 
component can be used in this project” turns out to be invalid. Furthermore, AAs may 
be invalid in the first place (at the time they are made), because of, for example, the 
lack of knowledge or information when making these AAs. Therefore, the AA 
Evolution viewpoint aims to document how AAs evolve over time. Fig. 38 shows 
the metamodel of the AA Evolution viewpoint, which is composed of two 
elements (see Table 50). An example about how to use the AA Evolution viewpoint 
is provided in Table 101 and Fig. 58 of Appendix D.1. 

Architectural 
assumption

Software 
artifacts 0...* 0...*

relationship
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Fig. 38. Metamodel of Architectural Assumption Evolution viewpoint 

 
Table 50. Elements of Architectural Assumption Evolution viewpoint 

Element Description Concerns 

Architectural 
assumption 

ID: The ID of an AA (e.g., AA1), requirement (e.g., R1), 
architectural design decision (e.g., ADD1), component (e.g., 
Cp1), or risk (e.g., R1) 

State includes two groups: Validation state = {“Valid” and 
“Invalid”}, and Action state = {“Added”, “Modified”, 
“Transformed”, and “Removed”}. Validation state is used to 
show whether an AA is valid, and Action state is used to show 
whether an AA has been added, modified, transformed, or 
removed. 

C15, C16, 
C18, C19, 
C20 

Iteration Iteration is the act of repeating a process with the aim of 
approaching a desired goal, target or result. It can be adapted 
to other variables such as “Version”. 

C16, C19 

 

6.3.5 Architectural Assumption Detail viewpoint 
Details of an AA can be valuable to stakeholders but also take more effort to 

document – it contains more information than the other viewpoints thus it also 
requires comparatively more effort. The AA Detail viewpoint aggregates all 
information of an AA from the rest of the viewpoints and is complemented with 
other optional details that may be documented if resources are available. The aim 
was to make the AA Detail viewpoint provide an overview of each AA, while the 
other three viewpoints have their specific focus: the AA Relationship viewpoint 
shows the relationships between AAs, the AA Tracing viewpoint traces AAs to 
other types of software artifacts, and the AA Evolution viewpoint provides the 
history of an AA during its lifecycle. Despite this redundancy of information 
across viewpoints, the objective is to support engineers in documenting AAs 
without entering redundant information (e.g., once the historical information is 
recorded in the AA Evolution view, the AA Detail view can be updated 
automatically). Effective tool support is vital in this case, and is considered as our 
next step. 

The AA Detail viewpoint is composed of eight elements (see Table 51). Fig. 39 
shows the metamodel of the AA Detail viewpoint, and Table 102 in Appendix D.1 
shows a real example of the AA Detail viewpoint from industry. To make the 
example simple and easy to understand, “Related architectural assumptions”, 

Architectural 
assumption

Iteration

changed in

0...* 1...*
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“Related requirements”, “Related architectural design decisions”, “Related system 
components”, “Related risks”, and “History” are not included. 

 

 
Fig. 39. Metamodel of Architectural Assumption Detail viewpoint 

 
Table 51. Elements of Architectural Assumption Detail viewpoint 

Element Description Concerns 

Architectural 
assumption 

The properties of an AA include ID, Name, Description, State, 
Rationale, Pros, Cons, and Plan.  

State contains two groups: Validation state = {“Valid” and 
“Invalid”} and Action state = {“Added”, “Modified”, 
“Transformed”, and “Removed”}. Validation state: whether the 
AA is valid. Action state: whether the AA has been added, 
modified, transformed, or removed.  

Rationale: The reasons for making the AA. 

Pros: The positive impacts of the AA. 

Cons: The negative impacts of the AA.  

Invalidity reason: The reasons about why the AA is invalid.  

Plan: The plan for the AA, including “To be modified”, “To be 
removed”, and “To be transformed (to another type of 
artifact)”.  

C1, C17, 
C20, C21, 
C22, C23 

Stakeholder The stakeholders who are involved in the AA C3, C4 

Related 
architectural 
assumptions 

The relationships between the assumption and other 
assumptions. The information of this element can be collected 
from the Architecture Assumption Relationship views. 

C5, C6, C7, 
C8, C9, C10, 
C11 

Related 
requirements 

The relationships between the assumption and requirements. 
The information of this element can be collected from the 
Architecture Assumption Tracing views. 

C12 

Related 
architectural 
design decisions 

The relationships between the assumption and architectural 
design decisions. The information of this element can be 
collected from the Architecture Assumption Tracing views. 

C13 

Related system The relationships between the assumption and system C14 

Stakeholder

Requirement
Architectural 

decision

Iteration

Risk

Component

impacts

is changed in

has

leads to

impacts

impacts

1...*0...*

0...*

0...*

0...*

0...*

0...*

0...*

0...*

0...*

1...*
0...*

ID
Name
Description
State
Rationale
Pros
Cons
Invalidity reason
Plan

Architectural assumption

relationship0...*

0...*
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components components. The information of this element can be collected 
from the Architecture Assumption Tracing views. 

Related risks The relationships between the assumption and risks. The 
information of this element can be collected from the 
Architecture Assumption Tracing views. 

C2 

History The evolution of the assumption. The information of this 
element can be collected from the Architecture Assumption 
Evolution views. 

C15, C16, 
C18, C19, 
C20 

 

6.3.6 Guidelines on using AADF 
This section first presents the correspondence rules of AADF, then classifies the 

AADF elements as essential, important or optional, and finally provides a set of 
guidelines regarding benefits and costs of using AADF based on our own 
experience and knowledge. 

6.3.6.1 Correspondence rules of AADF 

As mentioned in ISO/IEC/IEEE 42010 [1]: “Correspondence rules are used to 
enforce relations within an architecture description (or between architecture descriptions).” 
Table 52 shows the fundamental correspondence rules of AADF and respective 
viewpoints. 

 
Table 52. Fundamental correspondence rules of AADF 

Correspondence rule Viewpoints 

The relationships between two AAs or an AA and another type of artifact 
(i.e., requirement, design decision, component, or risk) can be zero, one, or 
multiple. 

Relationship, Tracing, 
Detail 

The relationships between two AAs or an AA and another type of artifact 
(i.e., requirement, design decision, component, or risk) can be bi-directional.  

Relationship, Tracing, 
Detail 

If an AA is valid, the “Invalid reason” of the AA must be “N/A”. Detail 

The field “Related architectural assumptions” of an AA in an AA Detail 
view should be consistent with the relationships between the AA and other 
AAs in the AA Relationship views. 

Relationship, Detail 

The field “Related requirements”, “Related architectural design decisions”, 
“Related system components”, and “Related risks” of an AA in an AA 
Detail view should be consistent with the relationships between the AA and 
other types of artifacts (i.e., requirement, design decision, component, or 
risk) in the AA Tracing views. 

Tracing, Detail 

The field “History” of an AA in an AA Detail view should be consistent 
with the evolution of the AA across time in the AA Evolution views. 

Evolution, Detail 

The latest version of an AA in the Relationship, Tracing, and Detail view 
should correspond to the latest occurrence of the AA in the Evolution view. 

All 

The ID of a certain AA in different views should be consistent. All 

An AA can be documented in zero, one, or multiple Relationship, Tracing, 
Evolution, or Detail views. 

All 
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6.3.6.2 Essential, important, and optional elements of AADF 

As mentioned in Section 6.3.1, the second and third author and six architects 
were involved in ranking the importance of the AA concerns using Likert-scale 
scores. The first author further classified the 23 AA concerns in three groups 
according to their scores. 

Group 1 includes the AA concerns that received a score of less than 32 (i.e., avg. 
< 4): C3, C7, C8, C11, C17, and C19. 

Group 2 includes the AA concerns that received a score between 32 and 36 (not 
including 36, i.e., 4 <= avg. < 4.5): C1, C4, C5, C9, C10, C12, C16, C18, C20, C22, 
and C23. 

Group 3 includes the AA concerns that received a score of at least 36 (i.e., 
avg. >= 4.5): C2, C6, C13, C14, C15, and C21. 

Through mapping the AA concerns in these three groups to the elements in 
AADF, we concluded the importance of the elements in AADF as shown in Table 
53. Note that an AADF element can relate to multiple concerns (e.g., “Stakeholder” 
in the AA Detail viewpoint can be mapped to both C3 and C4). We classified the 
importance of such elements according to the most important concern the elements 
being mapped to (e.g., we classified the importance of “Stakeholder” as 
“Important” instead of “Optional” because C4 is in Group 2). 

 
Table 53. Importance of the elements in AADF 

Element Viewpoint Importance Concern
s 

ID of an artifact (e.g., AA) All Essential All 

AAs with a “constrains” relationship Relationship, 
Detail 

Essential C6 

Relationships between AAs and architectural 
design decisions 

Tracing, Detail Essential C13 

Relationships between AAs and components Tracing, Detail Essential C14 

Relationships between AAs and risks Tracing, Detail Essential C2 

State of an AA Evolution, 
Detail 

Essential C15, C18, 
C19, C20 

Rationale of an AA Detail Essential C21 

Name of an AA Detail Important C1 

Description of an AA Detail Important C1 

Pros of an AA Detail Important C22 

Cons of an AA Detail Important C22 

Invalidity reason of an AA Detail Important C23 

Stakeholder Detail Important C3, C4 

AAs with a “conflicts with” relationship Relationship, 
Detail 

Important C5 
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AAs with a “strengthens” relationship Relationship, 
Detail 

Important C9 

AAs with a “weakens” relationship Relationship, 
Detail 

Important C10 

Relationships between AAs and requirements Tracing, Detail Important C12 

Iteration Evolution, 
Detail 

Important C16, C19 

AAs with a “is caused by” relationship Relationship, 
Detail 

Optional C7 

AAs with a “is an alternative to” relationship Relationship, 
Detail 

Optional C8 

AAs with a “is related to” relationship Relationship, 
Detail 

Optional C11 

Plan of an AA Detail Optional C17 

 

6.3.6.3 Benefits and costs of using AADF 

AADF has both benefits and costs. For example, AADF can help stakeholders to 
get an overview of the AAs made in projects, but the effort required could be 
prohibitive. There is always a tradeoff between the benefits and costs of using 
AADF in projects. Below we provide guidelines as derived from our own 
experience and knowledge in using AADF: 

(1) AAs are intertwined with various types of software artifacts, such as 
requirements, design decisions, and components, and their lifecycle spans the 
whole software development. We advocate treating AAs as first class entities in 
architecture documentation when using AADF.  

(2) The AA concept is subjective, thus stakeholders may understand it 
differently. Before using AADF, stakeholders in the same project or organization 
should at least reach an agreement on the understanding of the elements in AADF, 
especially the AA term and concept. 

(3) AAs documentation does not depend on existing documentation of other 
types of artifacts. 

(4) AADF can potentially be extended by additional viewpoints in order to 
frame other concerns. Furthermore, AADF is not a unique solution in framing the 
stated concerns. This is in accordance to ISO/IEC/IEEE 42010 [1], which states that 
there is no unique set of viewpoints for addressing a specific set of concerns: one 
could consider other viewpoints that frame the same concerns.  

(5) AADF is completely flexible and customizable: users of AADF do not need 
to use all the viewpoints and elements in AADF. Instead they can choose the 
elements in certain viewpoints to be documented. For example, they can document 
only key information according to their project context in order to save time and 
effort. 

(6) AA management can be resource-intensive; AADF may need to be 
customized, in order to be used in more agile types of development. 
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(7) AADF may not be useful in projects that do not have many AAs to 
manage, such as small projects or “stable” projects (e.g., a project that is similar to 
a previous project with few uncertainties). 

(8) AADF is particularly suitable in developing critical systems (e.g., safety-
critical systems). Stakeholders need to pay significant attention to AA management 
and use systematic approaches to manage AAs in this type of systems, since 
implicit or invalid AAs may cause serious issues. 

(9) Not every AA needs to be documented with AADF. Stakeholders should 
identify the important AAs in their projects before using AADF. 

(10) AADF needs to be used from the early phases of software development 
(e.g., requirements engineering or architecture analysis); the usage of AADF spans 
the whole development lifecycle. 

(11) Though the major focus of AADF is AAs Documentation, AADF can also 
be used to support other AA management activities. For example, in AA 
Evaluation, stakeholders can use the documentation managed by AADF to 
evaluate each documented AA. 

6.4 Case study 
We followed the guidelines proposed by Runeson and Höst [80] to design and 

report on this case study. Furthermore, we made the materials of this work 
available online [92]. 

6.4.1 Goal and research questions 
The goal of the case study is to analyze AADF for the purpose of evaluation 

with respect to its effectiveness in AAs Documentation from the point of view of 
architects in the context of software development in industry. The effectiveness of 
AADF for AAs Documentation can be evaluated in four aspects as detailed below:  

Ease of understanding the AADF viewpoints. AADF is composed of four 
viewpoints. The ease of understanding the AADF viewpoints has a significant 
impact on the adoption of AADF in AAs Documentation. Without a fair 
understanding of the AADF viewpoints, stakeholders may use AADF improperly 
and inefficiently in their projects.  

Effort of documenting AAs using the AADF viewpoints. Creating the AADF 
views takes some effort. It will not be acceptable for stakeholders if they have to 
spend too much effort on documenting AAs.  

Effectiveness in helping stakeholders to identify risks in projects. Identifying 
risks is critical to the success of projects [81]. The most important characteristic of 
AAs is “uncertainty”, and AAs may lead to various risks in software development. 
Therefore, being aware of the risks related to AAs is important in development.  

Effectiveness in helping architects to understand AAs in projects. 
Understanding AAs in projects means being aware of the AAs made in software 
development, their state, rationale, pros, cons, invalidity reasons, the related 
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stakeholders, plans, the relationships between AAs, the relationships between AAs 
and requirements, design decisions, components, and risks, and the evolution of 
each AA.  

Aspects (1) and (2) concern producing AAs (i.e., creating the AADF views), while 
aspects (3) and (4) are about consuming AAs (i.e., using the created AADF views) 
[88]. The research questions (RQs) of this study, which are formulated based on the 
four aspects of the effectiveness of AADF in AAs Documentation, are described as 
follows. 

RQ1: How easy is it to understand the AADF viewpoints? 

RQ2: What is the expected effort for creating the AADF views? 

RQ3: Does AADF effectively help architects to identify risks in projects? 

RQ4: Does AADF effectively help architects to understand AAs in projects? 

We note that RQ2 is concerned with the effort that architects expected to spend 
on creating the AADF views and not the actual effort spent during the case study. 
Since the data collection was conducted during a half-day workshop at each of the 
company instead of the whole lifecycle of a project due to resource constraints, the 
time for data collection was strictly limited. To ensure that the subjects used every 
AADF viewpoint in the case study, we let the subjects spend equal time on 
creating each AADF view. Therefore, we did not measure their effort 
quantitatively. Instead we asked them about their expected effort of using AADF: 
which views they would expect to be the most or least time-consuming to create 
when using AADF in their work.  

6.4.2 Case and subject selection 
We have studied a phenomenon (use of the AADF) in a real context, by asking 

all the subjects to select one non-trivial software project from their work and used 
AADF in the context of their own projects. Furthermore, as mentioned by Runeson 
and Höst [80], “Case studies may be used for explanatory purposes. This involves testing 
of existing theories in confirmatory studies.” In this chapter, the aim was to “test an 
existing theory”, namely to evaluate the effectiveness of AADF in AAs 
Documentation. Therefore, it is an explanatory case study. 

6.4.2.1 Case description 

A case is a contemporary phenomenon in its real-life context [82]. We selected 
and conducted two cases in this case study. One case was conducted in China with 
six architects from the domain of Internet of Things at IBO Technology, and 
another case was conducted in Sweden with six architects from the domain of 
Automotive Industry at Volvo Cars. Note that the six architects who had been 
involved in the three-round selection process of AA concerns were not among the 
subjects of the case study. IBO Technology is a Chinese company headquartered in 
Shenzhen, China, and focuses on IT services (e.g., system integration services) and 
Internet of Things. It has 100 – 200 employees (around 80% are engineers). Volvo 
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Cars is a Swedish premium automobile manufacturer, headquartered in 
Gothenburg, Sweden. Volvo Cars manufactures and markets sport utility vehicles, 
station wagons, sedans, etc. It has over 15,000 employees (around 8000 employees 
are within research and development, for example, around 4500 engineers for a 
new car project). 

To allow for a real context in the case study, we did not provide the subjects 
with a project, but asked them to select one real and non-trivial project from their 
work and use AADF in the context of their own projects. Therefore, we could not 
define up front the details of the cases, such as the set of applicable risks. 

6.4.2.2 Case and units of analysis 

According to the guidelines for conducting case studies [80], a multiple-case 
study means that the study has multiple cases, while a single-case study refers to a 
case study with only one case. In this chapter, we treated our study as a multiple-
case study, i.e., with two cases. Furthermore, the study is an embedded case study 
[19], because it was conducted in two different companies of two different 
application domains with six architects from each company. We did not study the 
AAs documented by the subjects, but their opinions on the effectiveness of AADF. 
The architects were not only the subjects, but also the units of analysis, because we 
analyzed the data individually from each of the architects for the RQs. 

6.4.2.3 Case study procedures 

The case study process is composed of five tasks as the following.  
T1 The researchers asked the subjects to select one real and non-trivial project 

from their work. The researchers prepared the materials for the case study, and 
collected basic information of the subjects and the selected projects through a 
questionnaire (see Section 6.4.3). The subjects and researchers reached an 
agreement on the selected projects. 

T2 The researchers gave a tutorial to help the subjects understand the concept 
of AA and AADF, the tasks the subjects needed to perform, and the schedule of the 
workshop. Note that the correspondence rules, the essential, important, and 
optional elements of AADF, and the cost-benefit analysis (i.e., the guidelines on 
using AADF) presented in Section 6.3.6, were not included in the tutorial given to 
the subjects. After the tutorial, the subjects and researchers had a discussion about 
the AA concept (including both AA examples and definitions) to ensure that the 
subjects had a fair understanding of the AA concept. In the workshop, we did not 
require that the subjects understand AA exactly the same as the authors; we let 
them have their own understanding of AA. 

T3 The subjects used an Office Excel template (implementing AADF) 
provided by the researchers to document AAs in their selected projects. The 
researchers asked the subjects to use the existing documentation of their selected 
projects, and their own computers in this task.  

T4 The subjects exchanged the documented AAs with each other (e.g., 
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Architect1 <-> Architect2, Architect3 <-> Architect4, and Architect5 <-> 
Architect6), and read the AADF views of their colleagues to understand the 
documented AAs.  

T5 The researchers conducted a semi-structured interview (see Section 6.4.3) 
with each subject to get their feedback about the effectiveness of AADF in AAs 
Documentation. In the case of IBO Technology, the first and seventh author 
interviewed the subjects in parallel. In the case of Volvo Cars, the first, fourth, and 
fifth author interviewed the subjects in parallel. After the interview, the subjects 
attended a focus group (see Section 6.4.3) to further discuss the effectiveness of 
AADF in AAs Documentation according to the RQs. 

Table 54 shows the relationships among tasks, who were involved, inputs and 
outputs of each task, and the related RQs. 

 
Table 54. Relationships among tasks, subjects, inputs, outputs, and RQs 

Part Task Who Inputs Outputs RQs 

Part 1 T1 Researchers 
and architects  

The supporting 
documents (e.g., the 
AADF design) 
The documents of the 
questionnaire 

The cooperation 
agreement 
The case study design 
The documents of the 
tutorial 
The results of the 
questionnaire 

N/A 

T2 Researchers 
and architects 

The case study design  
The documents of the 
tutorial 

The questions and 
answers about the case 
study 

N/A 

Part 2 

T3 Researchers 
and architects 

The documents of the 
selected projects (e.g., 
requirements 
documents) 
The Excel template of 
AADF 
The documents of the 
tutorial 

The AADF views 
The questions and 
answers about the case 
study 

 

RQ1, 
RQ2, 
RQ3 

T4 Researchers 
and architects 

The AADF views The questions and 
answers about the case 
study 

RQ4 

Part 3 T5 Researchers 
and architects 

The documents of the 
interview and focus 
group 

The results of the 
interview 
The results of the focus 
group 

RQ1, 
RQ2, 
RQ3, 
RQ4 

 

6.4.3 Data collection procedures 
Three data collection methods were used in the case study: questionnaire, 

interview, and focus group. We asked each subject to fill in a questionnaire (see 

Table 104 in Appendix D.3), collecting basic information of the subjects, and data 
related to the context of the selected projects. We interviewed (one by one) all the 
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subjects with specific questions related to AADF (see Table 105 in Appendix D.3). 
The purpose of the focus group was to encourage the subjects to discuss the 
effectiveness of AADF in AAs Documentation. The researchers organized the 
discussion according to the four RQs. Through these three methods, we collected a 
number of data items (see Table 106 in Appendix D.3) to answer the RQs, basic 
information of the subjects (see Table 107 in Appendix D.3), and data related to the 
context of the selected projects (see Table 108 in Appendix D.3).  

6.4.4 Analysis procedures 
We used descriptive statistics to analyze quantitative answers (e.g., the size of 

the selected projects), and Constant Comparison [20] for qualitative answers (i.e., 
generating concepts and categories from the collected data to answer the RQs). The 
first and seventh author executed Constant Comparison through an iterative 
process in the IBO case. The first and fourth author did the same for the Volvo case. 
The codes with their relationships were refined and adapted in each iteration. The 
second author was consulted to resolve any inconsistency and reviewed the results 
of Constant Comparison for clarity. Furthermore, we used MAXQDA26 as the tool 
for analyzing the qualitative data collected from both cases. 

6.4.5 Pilot study 
We conducted a pilot study with an architect in Wuhan, China. The pilot study 

followed the same design as the formal case study, except performing T4 (see 
Section 6.4.2.3) and the focus group (see T5 in Section 6.4.2.3); since there was only 
one subject in the pilot study, we could neither provide him with the AADF views 
created by others nor organize a focus group. In the end of the pilot study, we had 
an extra session compared with the formal case study to ask the subject for 
feedback on how to improve the case study. The changes from the feedback can be 
summarized as follows: (1) Refinement of the AADF tutorial (e.g., reducing 
academic terms and using more images instead of text); (2) Refinement of the Excel 
template (e.g., providing an explanation for each element); (3) Refinement of the 
interview and focus group design (e.g., the strategies used for interviews); (4) 
Rescheduling of the procedure of the case study (e.g., asking the subjects to fill in 
the questionnaire before the case study); (5) Backup plans for various emergencies 
and exceptions during the case study. 

6.5 Results 
This section provides first an overview of the subjects and selected projects of 

the two companies and subsequently presents the results of the RQs. We note that 
we did not add any interpretation of our own in this section. 

                                                           
26 http://www.maxqda.com/ 
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6.5.1 Overview 

6.5.1.1 IBO Technology 

As shown in Table 109 in Appendix D.4, all the subjects (6 out of 6, 100%) have 
at least seven years of working experience in software-intensive systems and at 
least five years of experience in architecting or design of software-intensive 
systems.  

Table 110 in Appendix D.4 shows the details of the projects selected by each 
subject. All the projects were non-trivial software-intensive systems from the 
domain of Internet of Things, and had been finished when we conducted this case 
study. The projects had varying duration (from two months to thirteen months), 
size (from 1,680 to 15,000 person-hour), and lines of code (from 36,000 to 1 million). 
The development team size of these projects was small (4-8 persons). Most of the 
selected projects (3 out of 6, 50.0%) used the Waterfall Model as development 
process, one project (1 out of 6, 16.7%) used Iterative Development with 
Prototyping, one project (1 out of 6, 16.7%) used Agile Development, and one 
project (1 out of 6, 16.7%) used a hybrid process of the Waterfall Model and 
Iterative Development with Prototyping.  

6.5.1.2 Volvo Cars 

As shown in Table 111 in Appendix D.4, all the subjects (6 out of 6, 100%) have 
at least seven years of working experience in software-intensive systems and at 
least one year of experience being involved in architecting or design of software-
intensive systems.  

The projects that the participants selected were mainly of two kinds: either 
platform projects: developing platforms that car models are built upon or projects 
for developing new car models. A platform project runs as long as the platform is 
used. The participants had a hard time to estimate the size of the projects in 
numbers, as they were part of an architecture group, being responsible for the 
electrical architecture of the complete car or platform. The software in the car is 
developed by around 50 different companies acting as suppliers, as well as in-
house. This means that there are thousands of engineers involved, and an 
estimated 100 million lines of code spread over about 100 nodes in the car. Every 
project (except for one, which is part of a research project) followed the V-Model. 
Table 112 in Appendix D.4 shows the details of the selected projects by each 
subject. All six projects were still running when we conducted the case study. 

6.5.1.3 AAs documented with AADF by the subjects 

This section presents the AAs documented with AADF by the subjects, as 
shown in Table 55. Considering the length of the chapter, we only provide the 
names of the documented AAs. Due to confidential concerns, four subjects did not 
provide us with their documented AAs. 
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Table 55. AAs documented with AADF by subjects 

P1  P2 P3 P4 

9200 ultra-high 
frequency 
component 

UCOSII operation system 433MHz component 13.56MHz passive 
sensing head 

R2000 ultra-high 
frequency 
component 

Mobile telecommunication GPS component Direction of 5.8GHz 

Voice broadcast 
component 

GPS component GSM component Security of wireless 
communication 

Internet 
communication 

SDK of EFM32 Power component Conditions of 
payment 

RS485 
communication 

 Polymer battery Response time of 
wireless 
communication 

IAP   Success rate of 
wireless 
communication 

Wifi component   Personal identification 
component 

LED component    

 

P5 P6 P7 P8 

Power-supply 
system 

Number of parking spots 
per meter 

ASIL and 
Infotainment 

Subsystem structure 

Distance of 
ultrasonic wave 
sensors 

License plate recognition Updateability of 
domain masters 

Awareness of 
architectural strategies 

433MHz component Communication between 
meters and servers 

Functional growth Evolution of 
architecture 

Time of sending and 
receiving ultrasonic 
wave 

Communication between 
vehicle detectors and 
meters 

ASIL and Safety  

  System safety 
decomposition 

 

 

6.5.2 Results of RQ1 
This section describes the results of RQ1, i.e., the ease of understanding the 

AADF viewpoints. Most subjects (5 out of 12, 41.7%) considered that the AA Detail 
viewpoint is the easiest to understand. One subject stated: “The description of each 
element and the examples provided in the Excel template are clear. It is more like a meta-
data thing. You have to present what data that have to fill in. That was easy to understand.” 
Three subjects (3 out of 12, 25.0%) mentioned that the AA Relationship viewpoint 
and the AA Tracing viewpoint are difficult to understand, because of the various 
types of relationships as well as the lack of instructions. 

In the workshop, all the subjects (12 out of 12, 100%) mentioned that they could 
understand AADF and especially the rationale behind the AADF viewpoints. 
However, six subjects (6 out of 12, 50%) said that they needed further help when 
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using AADF next time. We tried to dig deeper to identify the factors that have an 
impact on the ease of understanding the AADF viewpoints, and classified them as 
the following six factors: 

Tutorial of AADF: For the best way of understanding the AADF viewpoints, 
half of the subjects (6 out of 12, 50%) suggested a workshop with a PowerPoint 
presentation. Other options proposed were a video tutorial, an online tutorial, and 
a presentation with examples and “homework”. Furthermore, seven subjects (7 out 
of 12, 58.3%) discussed the supporting documents of AADF. Providing such 
documents in a good quality to the subjects can help them to understand the 
AADF viewpoints easier. This is also a factor for creating the AADF views, which 
will be described in Section 6.5.3. Finally, four subjects (4 out of 12, 33.3%) stated 
that some important information was missing in the tutorial, which may 
negatively impact the understanding of the AADF viewpoints. They suggested 
elaboration on (a) the best way for learning and using AADF, (b) the benefits of 
AADF, (c) the purposes of each AADF viewpoint, and (d) the starting point of 
creating the AADF views (i.e., which view should be created first). 

Examples of AADF: Eight subjects (8 out of 12, 66.7%) thought that it was 
important and necessary to provide more examples of using AADF. More 
specifically, they would like to see details about the examples (e.g., project context 
of the examples). Furthermore, seven subjects (7 out of 12, 58.3%) emphasized that 
it was better to show them how to create the AADF views with a mature and 
realistic industry project (e.g., decomposing a project into modules and providing 
examples based on each module) from their own context, instead of using toy 
examples. 

Concepts and terms in AADF: Some concepts and terms in AADF were rather 
academic for the subjects, and they considered that this problem could impede 
their understanding of the AADF viewpoints. As one subject put it: “We do not use 
some of the terms in practice (e.g., the term of AA). It may confuse stakeholders when 
using these terms. It is better to use the terms that industry can easily understand.”  

Personal experience: Most subjects (8 out of 12, 66.7%) agreed that personal 
experience is an important factor for understanding the AADF viewpoints. They 
emphasized that there would be a significant difference in the ease of 
understanding AADF between junior and experienced architects, for example: 
“You would need at least some experience to understand why you need AADF. There’s a 
risk that you don’t understand the need of AADF, if you haven’t feel this is helpful. I know 
this because of my experience.”  

Resources for learning AADF: This factor refers to the resources (e.g., time) 
used for learning and discussing AADF. Most subjects (7 out of 12, 58.3%) 
considered that more resources could help stakeholders to understand the AADF 
viewpoints easier. One subject explained: “It’s a kind of craftsmanship and you can get 
better after working on it over time.”  
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Practice of AADF: Three subjects (3 out of 12, 25.0%) agreed that if a 
stakeholder can use and practice AADF several times, especially in industry 
projects, she/he could understand AADF easier. 

6.5.3 Results of RQ2 
This section describes the results of RQ2, i.e., the expected effort of creating the 

AADF views. We asked the subjects which AADF views were expected as the most 
or least time-consuming to create when using AADF in their work. The results are 
shown in Table 56. Additionally, two subjects (2 out of 12, 16.7%) mentioned that 
understanding the AA concept and identifying AAs required the most effort when 
creating the AADF views.  

 
Table 56. Effort for creating the AADF views 

Most time-consuming 
AADF view 

Rationale Number (%) 

AA Tracing view The AA Tracing view is related to various software artifacts, and 
it requires much time to think (e.g., what artifacts exist in the 
project, and what are the relationships between AAs and these 
artifacts). 

6 (50%) 

AA Relationship view The AA Relationship view requires more thinking, and its 
complexity is O(n), i.e., more assumptions you have, more effort 
you need for creating this view. 

4 (33.3%) 

AA Detail view Several terms in the AA Detail view were confusing; when 
creating the view one needs not to think too much, but it requires 
filling in a lot of information. 

4 (33.3%) 

AA Evolution view Not mentioned 1 (8.3%) 

Least time-consuming 
AADF view 

Rationale Number (%) 

AA Detail view The information used to initiate the AA Detail view can be easily 
found. 

2 (16.7%) 

AA Evolution view The AA Evolution view is sort of doing small steps with a low 
effort. 

2 (16.7%) 

 

We identified seven factors that can impact the effort of creating the AADF 
views:  

Information collection: Different ways of information collection lead to 
different effort of creating the AADF views. Seven subjects (7 out of 12, 58.3%) 
thought that such effort could be reduced if they had project documents. As one 
subject stated: “If we would have the whole project documentation, we can start at 
mapping things to find the relationships. But right now, it is hard.” Four subjects (4 out 
of 12, 33.3%) suggested that architecture documents, requirements documents, risk 
evaluation documents, and testing documents were useful for reducing the effort 
of creating the AADF views. Additionally, one subject said: “Using my memory is 
easier to recall the information for creating the AADF views than using documents.” Ten 
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subjects (10 out of 12, 83.3%) claimed that they used their memory, and five 
subjects (5 out of 12, 41.7%) said that they used certain documents (e.g., 
architecture documents) to create the AADF views. Note that the use of related 
documents was voluntary. In this situation, the subjects could use both their 
memory and project documents to create the AADF views, or only one of them. 
Finally, collecting different types of information for creating the AADF views also 
requires different effort. For example, two subjects (2 out of 12, 16.7%) considered 
that collecting requirements could be time-consuming, and one subject (1 out of 12, 
8.3%) said that the details of an AA were difficult to collect. 

Tool support: We provided an Excel template as the tool for the subjects to 
create the AADF views in the case study. All the subjects (12 out of 12, 100%) 
considered that when creating the AADF views in real life projects, a dedicated 
tool is needed to reduce the effort, instead of only using the Excel template. As an 
example, one subject mentioned: “The Excel template is not intuitive and difficult to 
use and fill in the information of the AADF views.” 

AADF: The subjects mentioned seven aspects of AADF, which could impact the 
effort of creating the AADF views: (a) to what extent a stakeholder understands 
AADF (i.e., a good understanding of AADF can reduce the effort); (b) examples of 
AADF (e.g., examples of the AADF views with details and examples from industry 
projects would help stakeholders to reduce the effort); (c) characteristics of AADF 
(e.g., incompatible with the current processes/approaches used in projects would 
increase the effort); (d) ways of creating the AADF views (e.g., using AADF in the 
early phases of a project and iteratively creating and maintaining the AADF views 
during the development could reduce the effort); (e) supporting documents of 
AADF (this is also a factor for understanding the AADF viewpoints as described in 
Section 6.5.2); (f) practice of AADF (i.e., more practice of AADF, less effort needed); 
and (g) required information of AADF (i.e., which information of an AA should be 
documented and how to use the information). 

Project context: This factor includes aspects such as project size and number of 
AAs (8 out of 12, 66.7%) and teamwork (4 out of 12, 33.3%). The subjects 
considered that large projects with a large number of AAs required more effort to 
create the AADF views than small projects, and working with multiple 
stakeholders collaboratively as a team could reduce such effort. As one subject said: 
“We have maybe 100 decisions and maybe 400 requirements to manage. AADF was easy to 
understand, but maybe difficult to use, because of the size of the projects, which will make 
the creation of the AADF views big and complex, just because of the large number of 
assumptions and everything.” Furthermore, one subject (1 out of 12, 8.3%) considered 
that project size and number of AAs might not be that important if the AADF 
views can be created and maintained iteratively. 

Costs and benefits: The subjects (7 out of 12, 58.3%) argued that the effort spent 
on creating the AADF views mainly depends on the worthiness of using AADF in 
projects. As one subject put it: “I am a little bit afraid that the effort is huge, it would be 



Chapter 6 

 190 

too much to detail, and just a lot of work to find the relations between everything, and to 
create the design work. That might be something that is no longer maintained, and could be 
just a mess. So you need to do some kinds of balancing between usefulness and time and 
effort.” 

Personal experience: Experienced architects need less effort than junior 
architects when creating the AADF views. Furthermore, two subjects (2 out of 12, 
16.7%) considered that personal experience was related to several other aspects. 
They concluded that (a) if a stakeholder understands AADF well and the project 
has well-organized project documents; or (b) if personal experience can be 
embedded into AADF (e.g., similar to a reference architecture or a library of AAs), 
then personal experience is not important for the effort of creating the AADF 
views. 

AAs Identification: AAs Identification may be effortless when happening 
during AAs Documentation. However, as reported by the subjects, identifying 
AAs could also be rather difficult and time-consuming: “Because we have so much in 
our heads. We write requirements, design patterns, a lot of things based on so many 
assumptions, but we don’t document assumptions, so the problem is to identify 
assumptions”. 

6.5.4 Results of RQ3 
This section describes the results of RQ3, i.e., the effectiveness of AADF in 

helping architects to identify risks in projects. 10 subjects (10 out of 12, 83.3%) 
agreed that using AADF could help them to identify risks, for example: “The 
assumptions in themselves could be risky. Then the AA Relationship and Tracing views are 
also valuable because you realize how much depends on one of these assumptions, so if the 
assumption is not true, then you have a whole change of things that could be affected.” 
Five subjects (5 out of 12, 41.7%) considered that the AA Tracing view and the AA 
Relationship view are the most useful for risk identification. 

We also asked the subjects about the types of risk that can be identified by using 
AADF. The results contain architectural and design risk (4 out of 12, 33.3%), 
implementation risk (4 out of 12, 33.3%), management risk (3 out of 12, 25.0%), cost 
risk (e.g., time and money) (3 out of 12, 25.0%), product risk (2 out of 12, 16.7%), 
technical risk (e.g., technical debt) (2 out of 12, 16.7%), and misunderstanding risk 
(2 out of 12, 16.7%). As one subject put it: “Probably we would find things that the 
architects assume that everyone knows, but there are many sub-system owners that are 
new and frequently change, so probably we would find stuff, that we thought was what 
everyone know, but in reality, they don’t.” 

The effectiveness of using AADF to identify risks is impacted by three factors: 

Personal experience: Seven subjects (7 out of 12, 58.3%) considered that more 
experience could be helpful to identify risks in software development when using 
AADF. One subject explained: “You can’t make assumptions on architecture issues, if 
you don’t have enough experience, then you can’t provide or produce relevant risks as well, 
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so rich experience can help risk identification.” Furthermore, one subject (1 out of 12, 
8.3%) explained this factor in a different way. He thought that personal experience 
was not important for identifying risks, if it could be done with multiple 
stakeholders, because they can discuss risks based on the AADF views. 

Resources: This factor refers to the resources (e.g., time) spent on risk 
identification using AADF. More resources may help stakeholders to identify more 
risks in projects. As one subject put it: “If you review the AADF views regularly, then 
you could probably discover that the functional growth of the project has not been 
according to the predicted (i.e., a risk), and we should probably start doing something 
earlier.” 

Project context: Various project contexts (e.g., project size and number of AAs) 
may increase or decrease the effectiveness of risk identification when using AADF: 
“It would be difficult to identify all the risks, if there is a large number of AAs, because it is 
not easy to manage all the artifacts and the stakeholders may overlook some of the risks.” 

6.5.5 Results of RQ4 
This section describes the results of RQ4, i.e., the effectiveness of AADF in 

helping architects to understand AAs in projects. We asked the subjects to share 
their created AADF views in pairs, and read their colleague’s AADF views to 
understand the assumptions. One subject did not read the AADF views created by 
another subject because of other engagement during the workshop. The remaining 
subjects (11 out of 11, 100%) stated that they could understand the AADF views 
created by their colleagues. Four subjects (4 out of 12, 33.3%) explicitly said that the 
AADF views created by their colleagues covered all the information they expected. 
However, one subject (1 out of 12, 8.3%) considered that the description and 
rationale in the AA Detailed view were not elaborated enough. He noted: “For 
example, when describing the UHF (Ultra High Frequency) module, only providing the 
information of power supply and electricity is not enough. The communication is also 
important.” Furthermore, we also asked the subjects which AADF views were the 
most or least useful for AA Understanding. The results are shown in Table 57.  

 
Table 57. Most/least useful AADF views for AA Understanding 

Most useful AADF 
view 

Reasons from subjects Number (%) 

AA Detail view Most concepts are in the AA Detail view. If you understand them, 
other AADF views can be easily understood. 

7 (58.3%) 

AA Tracing view The AA Tracing view acts as a bridge and provides an overview of 
AAs in a project. Most information (e.g., the relationships between 
AAs and other artifacts) can be found in this view. 

2 (16.7%) 

AA Relationship 
view 

Not mentioned 1 (8.3%) 

AA Evolution view Not mentioned 1 (8.3%) 

Least useful AADF Reasons from subjects Number (%) 
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view 

AA Relationship 
view 

If a stakeholder does not understand the project, she/he cannot 
understand the AA Relationship view either. On the other side, the 
stakeholder does not need to read the AA Relationship view for 
understanding the AAs of the project. Furthermore, there may not 
be many relationships between AAs, which makes the AA 
Relationship view least useful. 

4 (33.3%) 

AA Evolution view Not mentioned 4 (33.3%) 

AA Tracing view Not much information can be found if stakeholders only read the AA 
Tracing view. 

2 (16.7%) 

 

The effectiveness of using AADF to understand AAs is impacted by five factors:  

Personal experience: Ten subjects (10 out of 12, 83.3%) emphasized that more 
experience can help stakeholders to better understand AAs. As one subject put it: 
“Junior architects don’t understand the purpose of architecture. To understand the process, 
and how would the documentation of architecture emerge, you actually need to understand 
the architecture before you can recognize what is an assumption and what is not an 
assumption, because you don’t have so much experience related to assumptions in the 
beginning.”  Furthermore, one subject connected personal experience to the quality 
of the AADF views: “If the AADF views are detailed and comprehensive, personal 
experience (e.g., project experience) may not be an important factor for AA Understanding. 
If the AADF views are not detailed or in a good quality, personal experience may be 
important for understanding the AAs in a project.” 

Project context: This includes project size, number of AAs, and project data. A 
typical answer about the factor ‘project data’: “Some information of the project is 
confidential, which may not be documented in the AADF views. If a stakeholder cannot see 
this type of information, she/he may not understand the AAs documented in the AADF 
views, unless she/he has been involved in the project.” 

AADF views: This factor contains the elements and quality of the AADF views. 
Providing the AADF views in a good quality with specific information (e.g., 
project-related information) can improve the effectiveness of AA Understanding. 
As one subject put it: “It is better to add the background information of the system in the 
AA Detail view (e.g., the mission of the system).” 

Tool support: A dedicated tool is needed to increase the effectiveness of AA 
Understanding. For example, when reading the AADF views documented by 
another subject in Excel, it was not easy to understand all the relationships 
between AAs or AAs and other artifacts.  

Terms used to describe an AA: Stakeholders may describe and discuss AAs in 
different ways, which makes AA Understanding difficult. One subject explained: 
“When you make an assumption, the wording is important. ‘should’, ‘could’, ‘would’, 
‘must’ are very specific words. So you have to first figure out how to express an 
assumption.” 
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6.6 Discussion 
We first discuss the results of the RQs, and subsequently elaborate on their 

potential implications for both researchers and practitioners.  

6.6.1 Interpretation of the results 
The results of RQ1 indicate that AADF can be understood in a short time (e.g., 

in a half day workshop), though the subjects may need further instructions when 
using AADF in their projects. The AA Detail viewpoint has the largest number of 
elements in the four viewpoints, but the subjects considered that this viewpoint 
was the easiest to understand. One reason could be that most of the elements in the 
AA Detail viewpoint are commonly used in software development (e.g., rationale, 
pros, and cons). On the other side, the subjects considered that the AA 
Relationship viewpoint and the AA Tracing viewpoint were the most difficult to 
understand, potentially because the relationship types in these two viewpoints are 
not generally used in practice.  

The results of RQ2 indicate that the effort of creating the AADF views depends 
on various factors. It is not surprising that the AA Tracing view was considered by 
the subjects the most time-consuming to create, because it relates AAs to four 
different types of software artifacts. Traceability is important in architectural 
knowledge, but it usually requires significant effort to create, maintain, and evolve 
[23]. Additionally, understanding the relationship types in AADF and identifying 
the exact relationships between AAs or between AAs and other types of artifacts 
are not easy as mentioned by the subjects. This is also the reason that four subjects 
(4 out of 12, 33.3%) thought that the AA Relationship view might need the most 
effort to create. Finally, though the AA Detail viewpoint was considered easy to 
understand, it has the largest number of elements in the four viewpoints, and this 
is the reason that four subjects (4 out of 12, 33.3%) mentioned that creating the AA 
Detail view could be the most time-consuming.  

The results of RQ3 indicate that AADF can help the subjects to identify risks in 
projects. Primarily, AA itself is a type of risk in software development, because of 
its uncertain nature. Another reason is that the inconsistencies between AAs or 
AAs and other types of artifacts could also lead to risks in projects, and this is why 
the AA Relationship view and the AA Tracing view were considered by the 
subjects the most useful for risk identification. Additionally, the subjects 
mentioned that AADF could help them to identify various types of risks (e.g., 
implementation risks and management risks), besides architectural risks. One 
reason is that AA itself has a broad scope (e.g., organizational AAs and business 
AAs), as we discussed in our survey (see Chapter 5).  

The results of RQ4 indicate that AADF can help the subjects to understand the 
AAs documented by other subjects. As reported in Section 6.5.5, the AA Detail 
view was the most helpful for AA Understanding. A probable reason is that the 
AA Detail view provides an overview of each AA and an entrance point to the 
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documented AAs, while the other three AADF views are dedicated to specific 
aspects of AAs. 

6.6.2 Implications for researchers 
Personal experience: The impact of personal experience to AAs Documentation 

is an interesting topic for further investigation. There may be a significant 
difference between junior and experienced architects on their understanding and 
usage of AAs Documentation approaches. Such approaches like AADF may work 
well for experienced architects but may not be directly applicable for junior 
architects. Therefore, there is a need to investigate how personal experience 
impacts AAs Documentation, which can help researchers to adapt their 
approaches for stakeholders with different levels of experience. 

Understanding of AAs Documentation approaches: When developing an 
approach for AAs Documentation, one needs to ensure a short learning curve so 
that it can be adopted in practice. We have learnt the following lessons regarding 
supporting practitioners to understand our framework: (1) A half-day tutorial, 
using partially slides and for the most part hands-on work seems to work well. 
Supporting stakeholders by answering questions they may have is equally 
important. An online tutorial might be less binding but face-to-face interaction is 
lost. (2) There is a tradeoff between providing supporting documents to help 
stakeholders to understand and use the approach on the one hand, and requiring 
too much time from stakeholders to read this material on the other hand. We 
suggest a simple and intuitive set of guidelines for the documentation approach 
with examples and diagrams. (3) It is important to provide context information 
(e.g., the motivation of the documentation approach) so that stakeholders 
understand the “big picture”. For example, we did not elaborate the motivation 
and purpose of each AADF viewpoint in AA management and software 
development during the presentation in the case study; this made some subjects 
wonder why document AAs using these four AADF viewpoints instead of other 
viewpoints. (4) Providing real-world instead of toy examples that are from the 
subjects’ application domain significantly helps them to understand the 
documentation approach. (5) When designing the training material, reducing the 
number of academic concepts and terms is a major concern. However, it may be 
hard to completely avoid using them. For example, we found that several concepts 
and terms (e.g., the term AA itself) in AADF were rarely used at the two 
companies. Clearly explaining the concepts and terms of the proposed 
documentation approach with examples can alleviate this problem. 

Tool support was identified as one important factor for the effort of creating the 
AADF views and was related to the effectiveness of AA Understanding. For 
example, after creating the AA Detail view, it would be helpful if the tool can 
automatically generate the other three types of AADF views. We believe that tool 
support is also important for other AAs Documentation approaches, especially 
when using them in industry. We suggest that researchers develop and provide 
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dedicated tools for their AAs Documentation approaches instead of using general 
tools (e.g., Office Excel), and consider integrating the tools with existing 
development tools; this would make it easier to employ the documentation 
approaches with existing development practices and reduce the manual effort of 
AAs Documentation. 

Guidelines on using AADF: Since the case study aimed to evaluate the 
effectiveness of AADF for AAs Documentation (see Section 6.4.1), no RQs are 
related to the guidelines of using AADF (e.g., the essential, important, and 
optional elements of AADF, see Section 6.3.6). We suggest that researchers need to 
further evaluate the guidelines on using AADF (e.g., correctness and 
appropriateness). 

Practical applicability of AA management: Though AAs are important in 
software development, they are usually not well managed in projects. One 
potential reason is that the return on investment of AA management is unknown. 
Therefore, the practical applicability of AA management (e.g., the practical 
applicability of AADF) needs further evaluation and evidence. We suggest that 
researchers collect more data regarding especially the return on investment for AA 
management (e.g., using AADF to manage AAs). 

6.6.3 Implications for practitioners 
Personal experience: It is not surprising that personal experience was identified 

as an important factor for understanding AADF, creating the AADF views, 
identifying risks in projects, and understanding the assumptions documented by 
other practitioners; all the four aspects are based on the knowledge of practitioners. 
We believe that personal experience has a significant impact on AAs 
Documentation. For example, junior architects may not even be aware of the AAs 
made in software development. Suggestions to alleviate this problem are to discuss 
with experienced architects about AAs as well as their documentation, and 
practice AAs Documentation in projects.  

Project context: Different project contexts can impact the effort of documenting 
AAs, the effectiveness of identifying risks, and understanding AAs in projects. For 
example, the subjects in the case study mentioned that their resources (e.g., time) 
were limited for AAs Documentation and they needed to balance the resources 
spent on various tasks (e.g., architecture design) in software development, which is 
a common situation in industry. We suggest practitioners to be aware of the costs 
and benefits of documenting AAs in their projects, and integrate AAs 
Documentation into their own development process in an appropriate way. 
Furthermore, for large projects, we suggest practitioners to document AAs in the 
early phases of software development, and maintain the documented AAs 
iteratively. 

Quality of AAs Documentation: Practitioners need to ensure the quality of AAs 
Documentation, as that can impact several aspects of AA management (e.g., the 
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effectiveness of AA Understanding between various stakeholders). Ding et al. 
collected and classified twelve quality attributes of software documents through a 
systematic literature review [89]. Specifically, according to our experience in 
industry, we suggest that practitioners need to pay more attention to 
understandability, clarity, unambiguity, retrievability, consistency, and correctness 
of their documented AAs. 

Expression of AAs: As suggested by the subjects, there should be a consistent 
way to express AAs when using a documentation approach such as AADF. 
Providing rules for expression of AAs can facilitate AA management (e.g., AA 
Communication), but (1) it also leads to increased effort for understanding and 
using these rules, and (2) the rules may not be compatible with the existing 
development practices employed in the company (e.g., requirements expression). 
Therefore, there is a need to reach an agreement on expressions of AAs within a 
project team before using an AAs Documentation approach. 

6.7 Threats to validity 
The threats to the validity of the case study are presented in this section 

according to the guidelines proposed by Runeson and Höst [80]. Note that internal 
validity is not discussed, because this chapter does not study causality. 

Construct validity reflects to what extent the research questions and the studied 
operational measures are consistent [80]. A potential threat is that the subjects tried 
to use AADF without a fair understanding of the AA concept. To mitigate this 
threat, after the tutorial, the subjects and researchers had a discussion about both 
the AA examples and definition to ensure its proper understanding. Furthermore, 
whether the collected data can answer the RQs is also a threat. To reduce this 
threat, we iteratively refined the RQs and the data collection procedures; we used 
both interview and focus group to collect data for the RQs.  

External validity concerns the generalization of the findings [80]. This case study 
was conducted in two companies from two domains in two countries; we argue 
that the results are applicable in organizations with similar context. However, the 
results cannot be generalized to other contexts (e.g., other domains) and replication 
of this case study is one way to reduce this threat.  

Reliability focuses on whether the study would yield the same results when 
other researchers replicate it [80]. We performed a pilot study to refine the case 
study design, and reduced the ambiguities in the execution of the case study. The 
protocol of the case study has been reviewed by the authors iteratively, and also by 
an external reviewer who is not familiar with AADF, to mitigate the threat of bias 
in the case study design. The whole process of the workshops were recorded 
through audio recording devices to reduce the threat of information vaporization 
and erosion. Furthermore, two authors conducted the analysis of qualitative data 
in parallel for each case to reduce the threat of bias in data analysis. 
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6.8 Conclusions 
As an important type of architectural knowledge, AAs usually remain implicit 

and undocumented, which leads to many problems in software development. To 
this end, we proposed a framework to explicitly and systematically document AAs 
in projects based on the identified concerns of stakeholders. AADF is the first 
approach that follows the guidelines proposed in ISO/IEC/IEEE 42010 [1] for AAs 
Documentation. AADF provides a template to document the details of each AA, 
supports stakeholders to get an overview of the relationships between AAs, trace 
AAs to other software artifacts, and monitor the evolution of AAs in software 
development. 

To evaluate the effectiveness of AADF in AAs Documentation, we conducted a 
case study with two industrial cases of two companies (i.e., IBO Technology and 
Volvo Cars) from two domains (Internet of Things and Automotive industry 
respectively) in two countries (i.e., China and Sweden respectively). The results of 
the case study indicate that (1) AADF can be understood in a short time (i.e., a half 
day workshop); (2) the AA Evolution view requires the least time to create, 
followed by the AA Detail view and the AA Relationship view; (3) AADF can help 
stakeholders to identify risks and understand AAs in projects (the AAs 
documented by other stakeholders); and (4) the ease of understanding AADF, the 
effort of creating the AADF views, and the effectiveness of risk identification and 
AA Understanding using AADF are related to various factors as shown in Table 58. 
Adjusting these factors in an appropriate way can facilitate the usage of AADF and 
further benefit the projects. 

 
Table 58. Factors for applying AADF in AAs Documentation 

Factor Subfactor RQs 

AADF Tutorial of AADF (Approaches of tutorial; Supporting 
documents of AADF in tutorial; Necessary information in 
tutorial) 

RQ1 

Examples of AADF (Number of examples; Quality of 
examples; Types of examples) 

RQ1, RQ2 

Practice of AADF 

Concepts and terms in AADF RQ1, RQ4 

Understanding of AADF RQ2 

Characteristics of AADF 

Approaches of creating the AADF views 

Supporting documents of AADF 

Required information of AADF 

AADF views (Elements of the AADF views; Quality of the 
AADF views) 

RQ4 
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Personal experience  RQ1, RQ2, 
RQ3, RQ4 

Resources (e.g., time) Resources for learning AADF RQ1  

Resources for risk identification RQ3 

Information collection Approaches of information collection RQ2 

Types of information to be collected 

Costs and benefits  RQ2 

AAs Identification  RQ2 

Tool support  RQ2, RQ4 

Project context Project size RQ2, RQ3, 
RQ4 Number of AA 

Others 

 

During the evaluation of the framework, even though we found that it could 
benefit Architectural Assumption Description, the lack of tool support was a 
critical problem to adopt the framework in practice. In the next chapter, we 
introduce such a dedicated tool that implements the framework for Architectural 
Assumption Description. 
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evaluation of an Architectural Assumption Documentation tool: A case study. 
Under review.] 

Abstract 

Architectural assumptions are important in both software architecting 
and development in general. As evidenced in our industrial survey 
(with 112 practitioners) and two industrial case studies (with 12 
architects and 24 architects respectively), performing Architectural 
Assumption Documentation effectively and systematically is of 
paramount importance in software development. However, the lack 
of tool support is one of the most critical problems when practitioners 
manage assumptions in their work. To fill this gap, we propose 
Architectural Assumptions Manager (ArAM) – the first tool dedicated 
to Architectural Assumption Documentation, which aims at 
alleviating the aforementioned problem identified from practitioners. 
ArAM was developed as a plugin of Enterprise Architect, which is a 
UML-based platform commonly used in industry for designing and 
developing software systems. This chapter aims to evaluate the 
perceived ease of use and usefulness of ArAM by practicing architects. 
We conducted a case study, with sixteen architects from ten 
companies in China. The results indicate that ArAM is generally easy 
to use and useful in Architectural Assumption Documentation as well 
as in software development. 

7.1 Introduction 
In our earlier work (see Chapter 6), we proposed an Architectural Assumption 

Documentation Framework for documenting AAs in software development, and 
evaluated its effectiveness through a case study with a number of architects from 
different industries and domains. In that case study, we performed the first step in 
providing tool support: an MS Excel template that implements AADF. The results 
of the case study show that although architects considered AADF as beneficial for 
AA Documentation as well as software development, the lack of a specialized tool 
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is a major obstacle when using a documentation approach. This finding is also 
supported by other studies (e.g., see Chapter 5); such a tool is of paramount 
importance for adopting AA Documentation in industrial practice. 

In this chapter, we present such a specialized tool in order to promote the 
practice of AA Documentation in industrial practice: Architectural Assumptions 
Manager (ArAM). ArAM was developed as a plugin of Enterprise Architect27, 
which is a UML modeling tool commonly used in software development. To 
validate the ease of use and usefulness of ArAM, we conducted an industrial case 
study in Beijing and Shenzhen, China, with sixteen software architects from ten 
companies. The results of the case study show that ArAM is generally easy to use 
and useful in AA Documentation as well as in software development, though there 
are several issues to be addressed; as an example, the tool should support data 
analysis (e.g., finding missing relationships between AAs) and automatic 
verification (e.g., verifying the correctness of existing data) in development. 

The rest of the chapter is organized as follows: Section 7.1 describes the 
assumption concept in detail. Section 7.2 provides related work on AA 
Documentation. Section 7.3 introduces ArAM. Section 7.4 details the design of the 
case study. The findings of the case study are presented in Section 7.5 and the 
study results are discussed in Section 7.6. Section 7.7 assesses the threats to the 
validity of the study, and conclusions are provided in Section 7.8. 

7.2 Related work on AA Documentation 
This section presents related work regarding approaches and tools used for AA 

Documentation. 

7.2.1 Approaches used for AA Documentation 
Table 59 lists a number of approaches used for AA Documentation according to 

the results of our systematic mapping study (see Chapter 2). Compared with the 
existing approaches used for AA Documentation, (1) AADF is the first approach 
that proposes a systematic framework based on the ISO/IEC/IEEE Std 42010-2011 
[1]; (2) AADF addresses 23 AA concerns of stakeholders; and (3) AADF draws a 
clear connection between the 23 AA concerns and 8 types of stakeholders (e.g., 
project manager and architect). 

 
Table 59. Approaches used for AA Documentation 

Authors Approaches Reference 

Garlan et al. Architecture views, description languages, etc. for AA 
Documentation 

[9]  

Van Landuyt 
and Joosen 

A metamodel and an instantiation strategy based on quality 
attribute scenarios and use cases to document AAs 

[13]  

Ordibehesht An approach based on an architectural analysis and description [85] 

                                                           
27 http://www.sparxsystems.com.au/products/ea/ 
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language to document AAs 

Mamun et al. Alloy language for AA Documentation [86] 

Tang et al. A rationale-based architecture model (documenting AAs as a type 
of architectural rationale) 

[58]  

Welsh et al. REAssuRE (Documenting assumptions made at design time) [189] 

Faily and 
Fléchais 

Assumption personas (a description of the behavior of a typical 
user with assumptions) 

[190] 

Habli and Kelly Architecture design replay through derivational analogy 
(documenting AAs as a type of design knowledge) 

[191] 

Hesse and 
Paech 

A decision documentation model (including AA Documentation) [93]  

Heyman et al. A formal architectural modeling and analysis method (including 
AA Documentation) 

[188] 

Lago and van 
Vliet 

A metamodel for AA Documentation [34] 

 

7.2.2 Tools used for AA Documentation 
General tools such as MS Word28 and MS Excel29 are commonly used in software 

development for various purposes, and can also be used to document AAs. For 
example, in our previous work (see Chapter 6), we implemented AADF through 
an MS Excel template, and used this template in an industrial case study. 
Furthermore, there are tools that aim at managing other types of software artifacts, 
such as design decisions, but can be used for AA Documentation. For example, For 
example, Manteuffel et al. [187] developed a tool for Decisions Documentation, 
with which AAs can be documented as forces of decisions in that tool. Finally, 
there are several tools that focus on other AA management activities (e.g., AA 
Evaluation), but can be used for AA Documentation. For example, Heyman et al. 
[188] used Alloy (a modeling language) to describe AAs, and a tool (Alloy 
Analyzer30) that implements Alloy for AA Evaluation. 

The aforementioned tools are either generic or developed for different purposes; 
thus they may not be suitable or effective for documenting AAs. To the best of our 
knowledge and based on the systematic mapping study on assumptions and their 
management (see Chapter 2), we did not find any tool dedicated to AA 
Documentation. ArAM is the first tool that advocates treating AAs as first class 
entities and is specifically developed for AA Documentation by implementing 
AADF. 

                                                           
28 https://products.office.com/en-us/excel 

29 https://products.office.com/en-us/word 

30 http://alloy.mit.edu/alloy/ 
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7.3 Architectural Assumptions Manager - ArAM 
This section first presents the background of ArAM, and subsequently 

introduces ArAM in detail. 

7.3.1 Background 
AADF follows the guidelines proposed in ISO/IEC/IEEE Std 42010:2011 [1], 

and comprises four viewpoints: the AA Detail viewpoint, the AA Relationship 
viewpoint, the AA Tracing viewpoint, and the AA Evolution viewpoint, as shown 
in Fig. 40. Each viewpoint frames a set of AA concerns of stakeholders: there is a 
viewpoint to document the details (e.g., pros and cons) of each AA, while the other 
three viewpoints provide an overview of relationships between AAs, and between 
AAs and other types of software artifacts, and monitor the evolution of AAs in 
software development respectively. More details of AADF can be found in Chapter 
6.  

ArAM was developed as a plugin of Enterprise Architect, which is a UML-based 
platform for designing and developing software systems. Enterprise Architect 
supports various modeling objectives, and covers the whole software development 
lifecycle. It also supports traces through software development models, for 
example, from the design phase to the testing or maintenance phase. Due to the 
lack of space, we did not present ArAM with much detail. Instead, we provided an 
online video31 (i.e., the user guide) of ArAM, and more information about ArAM 
and Enterprise Architect can be found in [192]. 

 

 

 

 
Fig. 40. The four viewpoints of the Architectural Assumption Documentation Framework 

 

                                                           
31 https://youtu.be/Nq3BfxWgT9g 
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7.3.2 ArAM in detail 
As evidenced in literature (e.g., see Chapter 2), AA management should be 

teamwork: although architects and designers have the major responsibility of 
managing AAs, other types of stakeholders (e.g., project managers) in 
development should also be involved. Therefore, users of ArAM are mainly 
architects and designers, but also other types of stakeholders that are actively 
involved in AA management. 

We will walk through the different viewpoints in ArAM using a simple but real 
industrial example, from the domain of Internet of Things. Consider a system that 
manages a number of gas cylinders, and trucks used to carry the gas cylinders. 
Functions of the system include identifying gas cylinders and tracking expiry date, 
validity, etc. of each gas cylinder. There is a Gas Cylinders Identification 
Component in the system, which is used to identify gas cylinders. Initially, the 
architects assumed that gas cylinders can be identified through three different 
ways: active tags, passive tags, and barcodes. This AA can be further decomposed 
into three AAs: “Active Tags Identification”, “Passive Tags Identification”, and 
“Scanning Barcodes”. During the AA Evaluation, “Scanning Barcodes” and 
“Active Tags Identification” were identified as invalid, i.e., they were not accepted 
as true as the identification of gas cylinders with barcodes and active tags proved 
unsuitable. On the contrary, “Passive Tags Identification” was evaluated as valid. 
Later, “Scanning Barcodes” and “Active Tags Identification” were removed; the 
uncertainty of “Passive Tags Identification” was eliminated, and this AA 
transformed into a design decision. 

7.3.2.1 AA Detail viewpoint 

The AA Detail viewpoint provides an overview of each AA, i.e., including the 
information of the AA from the other viewpoints. This redundancy serves the 
purpose of aggregating all information from the other viewpoints in one place, 
without requiring input of information twice: for example, when updating the AA 
Relationship and Tracing viewpoint, the AA Detail viewpoint is automatically 
updated accordingly. Considering the AA “Scanning Barcodes” mentioned in 
Section 7.3.2, the Detail view of the AA is shown in Fig. 41. We note that details of 
the viewpoints (e.g., explanation of each element) can be found in Chapter 6 and 
[192]. 

 



Chapter 7 

 204 

 
Fig. 41. An AA Detail view in ArAM 

 

7.3.2.2 AA Relationship and Tracing viewpoint 

We combined the AA Relationship viewpoint and the AA Tracing viewpoint of 
AADF into a single viewpoint in ArAM: the AA Relationship and Tracing 
viewpoint. By doing this, the combined viewpoint can show not only the 
relationships between AAs or AAs and other types of software artifacts 
independently, but also the combination (see an example in Fig. 42). A valid 
(invalid) AA is represented by a rounded green (red) rectangle with the name of 
the AA as a label. Furthermore, ArAM provides seven specific types of 
relationships based on AADF (e.g., “caused by” and “conflicts with”). Finally, 
double clicking on an AA in the AA Relationship and Tracing view shows the 
Detail view of the AA. Through using the AA Relationship and Tracing viewpoint 
of ArAM, stakeholders can have a fair understanding of the relationships between 
AAs, and trace AAs to other types of software artifacts in a system, which can 
further facilitate understanding of the system (e.g., its architecture). 
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Fig. 42. An AA Relationship and Tracing view in ArAM 

 

7.3.2.3 AA Evolution viewpoint 

AAs have a dynamic nature: the context of a project (e.g., business environment), 
as well as the software system itself, is changing over time, making formerly valid 
AAs invalid, which results in an unsatisfactory system. The AA Evolution 
viewpoint in ArAM shows how AAs in a system evolve over time (e.g., from valid 
to invalid, or removed by stakeholders). Considering the evolution of the AA 
“Scanning Barcodes”, the Evolution view of this AA is shown in Fig. 43. 

 

 
Fig. 43. An AA Evolution view in ArAM 

 

7.4 Case study 
This section presents the design of the case study, which followed the guidelines 

proposed by Runeson and Höst [80]. 
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7.4.1 Goal and research questions 
ArAM is a tool for AA Documentation aiming at covering the needs of 

practicing architects. In this study, the goal is to gauge the likelihood that the tool 
will be adopted in an industrial setting. Davis [184] suggested that “Perceived ease 
of use” (i.e., “the degree to which a person believes that using a particular system would 
be free of effort”) and “Perceived usefulness” (i.e., “the degree to which a person believes 
that using a particular system would enhance his or her job performance”) are two 
determinants that impact how stakeholders accept or reject information 
technologies; these two factors constitute the Technology Acceptance Model 
(TAM). Venkatesh and Davis [185] extended TAM and proposed TAM2, which 
decomposes “Perceived usefulness” into three social factors, four cognitive 
instrumental factors, and “Experience”. Venkatesh and Bala [186] further extended 
TAM2 to TAM3, which decomposes “Perceived ease of use” into four anchor 
factors and two adjustment factors. Table 60 lists the factors used in TAM3. 

 
Table 60. Factors used in TAM3 

Factors (ease of use) Factors (usefulness) 

Computer self-efficacy Subjective norm 

Perception of external control Voluntariness 

Computer anxiety Image 

Computer playfulness Job relevance 

Perceived enjoyment Output quality 

Objective usability Result demonstrability 

Experience Experience 

 

We adopted the factors (explained in the following paragraphs) of TAM3 and 
used the Goal-Question-Metric approach [45] to formulate the objective of this 
chapter: to analyze ArAM for the purpose of evaluation with respect to the 
perceived ease of use and usefulness from the point of view of software architects 
in the context of industrial software development in China. The research questions 
(RQs) of this study are presented below. 

RQ1: How easy is it to use ArAM for AA Documentation? 

From all the factors of “Perceived ease of use” proposed in TAM3, we studied 
“Computer self-efficacy” (i.e., to what extent the subjects can use ArAM without 
any help), “Perceptions of external control” (i.e., to what extent the existing project 
resources, for example, requirements documents, can help the subjects to use 
ArAM), “Perceived enjoyment” (i.e., to what extent using ArAM is pleasant and 
enjoyable), and “Experience”, (i.e., to what extent the experience, for example, 
architecting experience, can impact the perceived ease of use of ArAM). 

The following factors were excluded: “Objective usability” (i.e., the comparison 
between the subjects and experts when using ArAM), “Computer anxiety” (i.e., to 
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what extent the subjects are afraid to use computers), and “Computer playfulness” 
(i.e., to what extent the subjects can interact with computers). The reasons for 
excluding them were: (a) this case study did not aim to compare the subjects with 
experts when using ArAM; (b) the subjects had no fear of using computers and 
their degree of computer playfulness was high because they were professional 
software engineers and by definition worked with computers. Furthermore, since 
TAM3 is a general model for technology acceptance, we added a new aspect 
“Others” to aggregate the factors specifically related to ArAM. 

RQ2: How useful is it to use ArAM in software development? 

From all the factors of “Perceived usefulness” proposed in TAM3, we studied 
“Job relevance” (i.e., to what extent ArAM is relevant to the subjects’ work), 
“Output quality” (i.e., to what extent the outputs of ArAM can benefit the subjects’ 
work), “Result demonstrability” (i.e., to what extent the results of using ArAM is 
communicable), and “Experience” (i.e., to what extent the experience, for example, 
architecting experience, can impact the perceived usefulness of ArAM). 

The following factors were excluded: “Subjective norm” (i.e., to what extent 
people important to the subjects would suggest that they should (not) use ArAM), 
“Voluntariness” (i.e., to what extent using ArAM is voluntary or not), and “Image” 
(i.e., to what extent using ArAM can improve, for example, social status and 
prestige of the subjects in their companies). We did not apply the factors 
“Subjective norm” and “Voluntariness” because architecture and design tools were 
optional for the subjects in their companies, i.e., the subjects were not required to 
use a specific tool to design software; also, no one would suggest the subjects (not) 
to use a tool such as ArAM in their companies. Furthermore, since all the subjects 
were software engineers (architects) in their companies, we argue that using tools, 
such as ArAM could not improve social status and prestige (i.e., “Image”) of the 
subjects. Finally, similarly to RQ1, we also added a new aspect “Others” in RQ2 to 
aggregate the factors specifically related to ArAM. 

7.4.2 Case and subject selection 
This case study is explanatory [80] because it aims at evaluating the ease of use 

and usefulness of ArAM in software development. 

7.4.2.1 Case description and units of analysis 

A case is a contemporary phenomenon in its real-life context [80][82], such as a 
project, a group of stakeholders, or a technology. The distinction between these 
types of cases is not always clear [19]. In this chapter, we did not conduct the case 
study within the software development lifecycle. Instead we asked each subject 
(i.e., architect) to select one real and non-trivial project related to software-
intensive systems from their previous work, and used ArAM in the context of the 
selected projects through workshops. Thus, all the AAs documented by the 
subjects through ArAM were from real-life projects. We considered this study as a 



Chapter 7 

 208 

preliminary evaluation of the ease of use and usefulness of ArAM in an industrial 
setting.  

Furthermore, the case study was conducted with sixteen architects. Instead of 
studying the AAs documented by the subjects, we focused on their opinions on the 
ease of use and usefulness of ArAM. Therefore, both the cases and the units of 
analysis are the architects, i.e., one unit of analysis for each case and sixteen cases 
in total. Therefore, the case study is multiple and holistic [80]. 

7.4.2.2 Case study procedure 

The procedure of the case study is presented as the following. 

Before the workshop 
T1 Preparation of the case study. The researchers prepared the documents of 

the tutorial, questionnaire, interview, the needed devices (e.g., laptops with ArAM 
installed, recording devices, and a projector), etc.  

T2 Projects selection. To create a real context of the case study, we asked each 
subject to choose a real and non-trivial project related to software-intensive 
systems from their previous work, which would be used in the workshop.  

T3 Questionnaire. The researchers used a questionnaire (see Section 7.4.3) to 
collect background information of the subjects as well as details of the selected 
projects.  

T4 Projects review. The researchers reviewed the selected projects to ensure 
that they are non-trivial and related to software-intensive systems. 

T5 User guide. The researchers provided both a printed and a MS Word user 
guide (in Chinese) of ArAM for each subject. 

Workshop (4 hours) 
T6 Tutorial (30 minutes). The researchers provided the subjects with a 

tutorial (in Chinese) regarding an introduction to ArAM, including the AA concept 
and AADF. 

T7 Discussion (20 minutes). The researchers discussed with the subjects to 
ensure that they had a fair understanding of ArAM. 

T8 Break (10 minutes).  
T9 Using ArAM (90 minutes). The subjects used ArAM to document AAs 

based on their selected projects. The researchers provided each subject with a 
laptop with ArAM installed. 

T10 Interview (30 minutes per subject; 60 minutes as total). Three researchers 
interviewed (one-to-one and semi-structured) the subjects in parallel according to 
the RQs (see Section 7.4.3).  

T11 Focus group (30 minutes). The researchers organized a focus group to 
further discuss ArAM based on the RQs (see Section 7.4.3). 

Fig. 44 shows the overview of the case study, concerning the process with the 
tasks and the inputs and outputs of each task. 
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Fig. 44. Case study procedure 

 

We organized three workshops (4 hours per workshop) with five (Beijing), five 
(Shenzhen), and six (Shenzhen) subjects respectively. The time of each workshop 
was strictly limited (see tasks T6 to T11 above). For example, the time for 
interviews (one-to-one) was 1 hour per workshop. The three workshops followed 
exactly the same procedure (i.e., the eleven tasks mentioned above). The 
discussions, interviews, and focus groups in the workshops were recorded 
through recording devices. 
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7.4.3 Data collection and analysis 
We used a questionnaire to collect background information of each subject as 

well as details of each selected project as shown in Table 113 and Table 115 of the 
Appendix E. The subjects were interviewed one by one (semi-structured, see the 
predefined questions as shown in Table 114 and Table 116 of the Appendix E). 
Furthermore, we conducted a focus group in each workshop with the subjects to 
discuss ArAM in depth according to the RQs. The first author acted as the 
moderator in these focus groups. 

We employed descriptive statistics (e.g., the details of the selected projects) and 
Constant Comparison [20] (e.g., coding and classifying the data to answer the RQs) 
to analyze quantitative and qualitative data respectively. The first, fourth, and fifth 
author performed Constant Comparison in parallel through an iterative process. 
The second author acted as a reviewer to verify the results of Constant 
Comparison in each iteration. Problems were discussed and addressed among all 
the authors. Furthermore, MAXQDA32 was used for the analysis of the qualitative 
data. The mapping between the data collection methods, data analysis methods, 
and RQs is shown in Table 61. 

 
Table 61. Relationships among the data collection methods, data analysis methods, and RQs 

Data collection method Data analysis method RQs 

Questionnaire Descriptive statistics Background information 

Interview Constant Comparison RQ1, RQ2 

Focus group Constant Comparison RQ1, RQ2 

 

7.4.4 Pilot study 
We conducted a pilot study with an architect in Wuhan, China. The subject had 

no experience of ArAM before the pilot study. We used the same case study 
procedure in the pilot study except for the focus group because we could not 
conduct a focus group with only one subject. The aim of the pilot study was to 
improve the design of the case study. The pilot study resulted in the following 
improvements: 

We refined the tutorial of ArAM. For instance, we used ArAM to create an 
example of AA documentation based on a real project from industry and 
presented the example in the tutorial.  

We included one more assistant for the workshops, i.e., one moderator and two 
assistants in total. 

We prepared contingency plans for various situations during the workshops, 
e.g., we made plans in case a subject could not come or would be late. 

                                                           
32 http://www.maxqda.com/ 
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7.5 Results 
This section provides an overview of the case study as well as results of the RQs. 

7.5.1 Overview of case study 
The experience of the subjects in software-intensive systems and architecting (or 

design) is generally classified in three levels as shown in Fig. 45. Most subjects (14 
out of 16, 87.5%) have at least five years of experience in software-intensive 
systems, while half of them (out of 16, 50.0%) have at least five years of experience 
in architecting (or design). Furthermore, three subjects (out of 16, 18.8%) stated 
that they had architecture training. 

 

 
Fig. 45. Years of experience in software-intensive systems and architecting or design of the subjects 

 

Fig. 46 shows duration, team size, and lines of code of the selected projects. Note 
that two projects were in progress when we conducted the workshops, and 
therefore, lines of code of these two projects were not counted. The projects are 
from different domains: Printing, Telecommunications, Security, E-commerce, 
Management Information System, Finance, Petrochemical Industry, Office 
Automation, and Geographic Information System. Considering the development 
processes employed in the selected projects, Waterfall Model (including traditional 
Waterfall Model and adapted Waterfall Model, 8 out of 16, 50.0%) is far ahead of 
the others (e.g., Agile Development and Iterative Development). 
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Fig. 46. Overview of the selected projects 

 

7.5.2 Results of RQ1 
The subjects considered that overall ArAM was easy to use, though there are 

several issues to consider. We further elaborate on the results in five aspects 
adopted from TAM3 [186]: 
(1) Computer self-efficacy 

“Computer self-efficacy” means to what extent the subjects can use ArAM 
without any help. Fourteen subjects (out of 16, 87.5%) considered that they could 
use ArAM independently in their work, while two subjects (out of 16, 12.5%) 
thought that they needed further training on the tool. The subjects mentioned two 
factors that influence this aspect. First, the time of the workshop was limited. 
Though the subjects could use ArAM independently, they were not familiar with it, 
and therefore, more practice of the tool was needed. Second, ArAM was developed 
as a plugin of Enterprise Architect. During the workshop, we only focused on the 
usage of ArAM. Therefore, the unfamiliarity of Enterprise Architect may impede 
the usage of ArAM in projects. As one subject explained: “This is the first time I use 
ArAM. Through the tutorial, I had a fair understanding of the tool, and I could use it by 
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myself. However, for some details of the tool or the functions that you did not introduce 
today, I would still have problems.” 

Eight subjects (out of 16, 50.0%) mentioned that the usage of ArAM was clear to 
them, including its objective, rationale, concepts, and functions, as one subject 
stated: “Basically, I can understand the tool as well as how to use it. The clarity of the tool 
is fine for me.” Furthermore, six subjects (out of 16, 37.5%) considered that the 
layout of ArAM was complicated. As one subject put it: “There are so many items in 
the tool, which increases the difficulty of using it.” On the other hand, two subjects (out 
of 16, 12.5%) disagreed: “The tool is not complicated. Basically, you just need to draw 
some simple boxes with several lines.” Table 62 shows the easy and difficult parts of 
using ArAM pointed out by the subjects. 

 
Table 62. Easy and difficult parts of using ArAM 

Difficult part No. of 
subjects 
(%) 

Easy part No. of 
subjects 
(%) 

Managing relationships between 
AAs or AAs and other types of 
software artifacts 

9 (56.3%) Making AAs 5 (31.3%) 

Describing AAs 3 (18.8%) Managing relationships between 
AAs or AAs and other types of 
software artifacts 

4 (25.0%) 

Being aware of the AAs made and 
their relationships 

3 (18.8%) Basic functions of Enterprise 
Architect (e.g., double clicking) 

3 (18.8%) 

Basic functions of Enterprise 
Architect (e.g., double clicking) 

2 (12.5%) Maintaining AAs 1 (6.3%) 

Making AAs 1 (6.3%) Describing AAs 1 (6.3%) 

 

One subject (out of 16, 6.3%) emphasized that in real-life, ArAM should be used 
from the early phases of software development: “I think the tool is easy to use, if it is 
used from the early phases of software development. Otherwise, it would be more 
complicated, because it is rather difficult to recover and document all the AAs made earlier 
in the project.” 
(2) Perceptions of external control 

“Perceptions of external control” means to what extent the existing project 
resources, for example, requirements documents, can help the subjects to use 
ArAM. As we found through the case study, project materials (including 
requirements, design, and general project documents) were considered helpful for 
the application of ArAM. As one subject stated: “If I am not familiar with a project, 
then design documents, including flow charts and description of relationships between the 
project and other projects, would help me to use the tool.” 
(3) Perceived enjoyment 
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“Perceived enjoyment” means to what extent using ArAM is pleasant and 
enjoyable. Eleven subjects (out of 16, 68.8%) agreed that ArAM was pleasant and 
enjoyable to use; they could easily understand the usage of ArAM. As one subject 
put it: “I think the tool was pleasant to use; everything was easy to understand.” 
(4) Experience 

“Experience” means to what extent the experience, for example, architecting 
experience, can influence the perceived ease of use of ArAM. Thirteen subjects (out 
of 16, 81.3%) considered that it is easier to use ArAM with certain experience of 
Enterprise Architect or similar tools (e.g., MS Visio33). For example, as one subject 
stated: “It would be more acceptable and easy for me to use a tool, if I am familiar with the 
layout. In this case, the layout of your tool looks like MS Visio, which is good for me.” 

Eight subjects (out of 16, 50.0%) considered that project experience would help 
to increase the ease of using ArAM. For example, as one subject put it: “Since I am 
familiar with the selected project, using ArAM in the project was easy.” Furthermore, 
one subject (out of 16, 6.3%) mentioned that one or two years of project experience 
is enough for using ArAM. 

Moreover, eight subjects (out of 16, 50%) thought that experience of design or 
architecting is not important for increasing the ease of using ArAM, as one subject 
stated: “If you have certain architecting experience, it’s enough. I have only two years of 
architecting experience, while I think it’s easy for me to use the tool.”  
(5) Others 

Fourteen subjects (out of 16, 87.5%) mentioned five aspects regarding learning 
ArAM, which can influence the ease of using the tool: (a) The tutorial of ArAM 
was important. As the subjects suggested, a tutorial through a workshop, a well-
designed and documented user guide, and Q&A regarding ArAM should be 
included. (b) Several subjects considered that the examples of AA and the use of 
ArAM were not very clear and rather complicated: “We need something simple from 
the beginning, and a real example to show the usage of ArAM afterwards. As people learn 
the C language, they always start with ‘Hello World’.” (c) All the elements of ArAM 
were in English, which impeded several subjects from learning and using the tool: 
“My English is not good, so I prefer a tool in Chinese. Especially considering the terms 
used in ArAM, it was not easy to understand them in English.” (d) More practice of 
ArAM was needed to make the tool easier to use. (e) More time for learning ArAM 
could make the tool easier to use.  

Furthermore, fifteen subjects (out of 16, 93.8%) complained about the basic 
functions of ArAM, i.e., layout, instructions inside the tool, and shortcut keys. As 
one subject stated: “The tool includes so many widgets. Sometimes it was difficult to find 
specific widgets in the tool.” 

                                                           
33 https://products.office.com/en-us/visio 
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7.5.3 Results of RQ2 
The subjects considered that overall ArAM was useful, though there are several 

points for improvement. We further detail the results in five aspects adopted from 
TAM3: 
(1) Job relevance 

“Job relevance” means to what extent ArAM is relevant to the subjects’ work. 
Fourteen subjects (out of 16, 87.5%) agreed that ArAM is useful for AA 
Documentation, and mentioned several elements in ArAM that are important for 
documenting AAs, such as the relationship types provided in the tool. As one 
subject stated: “After making some AAs, these AAs could be connected with relationship 
(e.g., ‘caused by’). In this case, especially when the AAs conflict with or constrain each 
other, I might need to make certain trade-off based on the AAs. By doing this, I could 
intuitively and quickly make more reasonable design decisions.” On the other hand, five 
subjects (out of 16, 31.3%) thought that some elements in ArAM do not contribute 
to AA Documentation, which should be simplified or removed. As one subject put 
it: “I think there is an overlap between rationale, pros, and cons of an AA. Sometimes I just 
copied and pasted the content from one to another.” 

Eleven subjects (out of 16, 68.8%) mentioned that ArAM could contribute to 
software design and architecting. As one subject put it: “I could have a fair 
understanding of the AAs made as well as the architecture in a project through those 
diagrams, instead of spending much time on reading documents.” As another subject 
stated: “Your tool can help me to identify and evaluate AAs as well as related risks, step 
by step, just like doing a jigsaw puzzle or brainstorm, which is useful for software design.” 

Eleven subjects (out of 16, 68.8%) further mentioned the usefulness of ArAM in 
other activities of software development, including requirements engineering, 
testing, risk management, and general project management. As one subject 
explained: “In the early phases of software development, I would have a lot of AAs, and 
with the progress of the project, many AAs turn to be invalid. I can document all the 
information of those AAs through using ArAM, which is useful for system operation and 
maintenance.” As another subject mentioned: “I think the tool can facilitate 
requirements engineering and testing: if I want to implement requirements, I have to make 
AAs; after documenting AAs through the tool, I can give them to testers and ask them to 
test these AAs.” 

Finally, seven subjects (out of 16, 43.8%) mentioned that the usefulness of ArAM 
would be diverse for different types of stakeholders. As one subject explained: “I 
do not think the tool is useful for programmers, since programmers do not need to consider 
AAs, but requirements engineers, architects, designers, and testers can benefit from using 
the tool.”  
(2) Output quality 

“Output quality” means to what extent the outputs of ArAM can benefit the 
subjects’ work. Fourteen subjects (out of 16, 87.5%) mentioned that the overall 
quality of ArAM outputs was good. As one subject put it: “Considering AA 
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Documentation, I think the outputs include all the information I need.” On the other 
hand, four subjects (out of 16, 25.0%) mentioned that the outputs regarding 
documentation of AA history (e.g., in the AA Detail viewpoint) was not satisfying: 
“I need to see all the information regarding the evolution of AAs in the AA Detail view, for 
example, what exactly the previous versions of an AA are, instead of only showing me the 
state and modified date.” Moreover, two subjects (out of 16, 12.5%) stated that they 
need information concerning importance and criticality of AAs, and the quality of 
the ArAM diagrams should be improved. 

Furthermore, we also asked the subjects when providing the AAs documented 
through ArAM by them to another stakeholder, whether the stakeholder can 
understand the documented AAs or not. Eight subjects (out of 16, 50.0%) gave a 
positive answer: “If AAs are documented like this, I think other people can absolutely 
understand them.” On the other hand, three subjects (out of 16, 18.8%) stated that it 
is difficult to say whether other stakeholders can understand the documented AAs 
through only reading the ArAM outputs. The reason is that stakeholders may have 
different understandings on those outputs. 

Finally, four subjects (out of 16, 25.0%) mentioned that the output quality of 
ArAM depends on the users, i.e., if the users document AAs without paying 
attention to the details of the AAs, the output quality may be decreased: “For 
example, if the person only says something like ‘based on experience’ without elaborating 
the underlying rationale, this does not help to understand the documented AAs.” 
(3) Result demonstrability 

“Result demonstrability” means to what extent the results of using ArAM is 
communicable. Eleven subjects (out of 16, 68.8%) mentioned that they were able to 
present the results of using ArAM to their colleagues: “I only need half an hour to tell 
my colleagues about the results of using the tool”; one subject (out of 16, 6.3%) stated 
that he could not explain the results of the tool clear to other stakeholders: “I still 
have some uncertain aspects about the tool.” 

One subject (out of 16, 6.3%) further considered that different strategies should 
be used to describe the results of using ArAM for different types of stakeholders: 
“When you talk to an architect, it could be easy, because architects should have knowledge 
regarding AAs, and you can just explain the results of using ArAM to the architect. On 
the other hand, when you talk to a tester, then you should explain the results from the 
perspective of testing.” 
(4) Experience 

“Experience” means to what extent the experience, for example, architecting 
experience, can impact the perceived usefulness of ArAM. Thirteen subjects (out of 
16, 81.3%) stated that experience of architecting (or design) should be of 
paramount importance for the perceived usefulness of ArAM. As one subject put it: 
“If I do not have much experience of architecting, I cannot think, for example, what AAs I 
have in a project. If you ask me to use ArAM, to some extent, I would not know what to 
create.” 



Industrial Evaluation of An Architectural Assumption Documentation Tool: A Case Study 

 217 

(5) Others 

Ten subjects (out of 16, 62.5%) emphasized that clearly presenting the 
motivation, objectives, and benefits of using ArAM as well as how to use ArAM is 
of significant importance for the perceived usefulness of the tool. As one subject 
mentioned: “Considering relationships between AAs, for example, ‘conflict’, should I 
identify conflicts when making AAs, or after making AAs?” 

Moreover, five subjects (out of 16, 31.3%) connected project context with the 
usefulness of using ArAM. They pointed out that the tool was context dependent, 
and may not work well in certain contexts. As one subject mentioned: “AAs are 
related to many other types of artifacts. If such artifacts are not available in a project, then 
this tool may not be useful in that case.” Five subjects (out of 16, 31.3%) further 
mentioned personal preference would be a factor for the usefulness of using ArAM.  

Finally, thirteen subjects (out of 16, 81.3%) suggested several aspects to improve 
the usefulness of ArAM, including data analysis (e.g., finding omitted 
relationships between AAs based on the existing data), automatic verification (e.g., 
verifying the correctness of the existing data), integration with other approaches 
and tools (e.g., being compatible with tools used by stakeholders). As one subject 
put it: “If the tool can automatically verify AAs, for example, checking if there are 
conflicting AAs in a diagram, that would be very helpful.” As another subject stated: “It 
is important to integrate ArAM to the existing tools we are using.” 

7.5.4 Summary of results of RQs 
ArAM is generally easy to use and useful in AA Documentation as well as in 

software development, though there are several issues to be addressed. We 
summarize the aforementioned results of the RQs as shown in Table 63. 
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Table 63. Summary of results of the RQs 

RQ Aspect Sub-aspect Results 

RQ1: Ease of 
use 

Computer self-
efficacy 

Usage Without help (14 out of 16, 87.5%); Need help (2, out of 16, 12.5%) 

Clarity Clear (8 out of 16, 50.0%); Not mentioned (8 out of 16, 50.0%) 

Complexity of layout Complicated (6 out of 16, 37.5%); Not complicated (2 out of 16, 12.5%); Not mentioned 
(8 out of 16, 50.0%) 

Easy parts Making AAs (5 out of 16, 31.3%); Managing relationships between AAs or AAs and 
other software artifacts (4 out of 16, 25.0%); Basic functions of Enterprise Architect 
(e.g., double clicking) (3 out of 16, 18.8%); Updating AAs (1 out of 16, 6.3%); 
Describing AAs (1 out of 16, 6.3%) 

Difficult parts Managing relationships between AAs or AAs and other software artifacts (9 out of 16, 
56.3%); Describing AAs (3 out of 16, 18.8%); Being aware of the AAs and their 
relationships (3 out of 16, 18.8%); Basic functions of Enterprise Architect (e.g., double 
clicking) (2 out of 16, 12.5%); Making AAs (1 out of 16, 6.3%) 

Real-life Easy: Using ArAM from the early phases of software development (1 out of 16, 6.3%) 

Perceptions of 
external control 

 Requirements documents (4 out of 16, 25.0%), design documents (4 out of 16, 25.0%), 
and general project documents (8 out of 16, 50.0%) are useful for AA Documentation 
using ArAM 

Perceived 
enjoyment 

 Pleasant and enjoyable (11 out of 16, 68.8%); Not mentioned (5 out of 16, 31.3%) 

Experience Experience of Enterprise 
Architect or similar tools 

Important (13 out of 16, 81.3%); Not mentioned (3 out of 16, 18.8%) 

Project experience Important (8 out of 16, 50.0%); Not mentioned (8 out of 16, 50.0%) 

Experience of design or 
architecting 

Not important (8 out of 16, 50.0%); Not mentioned (8 out of 16, 50.0%) 

Others Learning Impeding ArAM learning: A not well-organized tutorial (7 out of 16, 43.8%); 
Inappropriate examples of AA and ArAM (6 out of 16, 37.5%); Poor English of users (3 
out of 16, 18.8%); Lack of practice (4 out of 16, 25.0%); Lack of time (3 out of 16, 18.8%) 

Expected improvements Layout (10 out of 16, 62.5%); Instructions inside the tool (6 out of 16, 37.5%); Shortcut 
keys (7 out of 16, 43.8%) 
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RQ2: 
Usefulness 

Job relevance AA Documentation Useful (14 out of 16, 87.5%); Not mentioned (2 out of 16, 12.5%) 

Software design and 
architecting 

Useful (11 out of 16, 68.8%); Not mentioned (5 out of 16, 31.3%) 

Other activities in 
software development 

Useful (11 out of 16, 68.8%); Not mentioned (5 out of 16, 31.3%) 

Types of stakeholders The perceived usefulness of ArAM would be diverse for different types of 
stakeholders (7 out of 16, 43.8%) 

Output quality Quality (overall) Good quality (14 out of 16, 87.5%); Not mentioned (2 out of 16, 12.5%) 

Expected improvements Improving the outputs of AA Detail viewpoint (4 out of 16, 25.0%); Improving the 
quality of the diagrams created in ArAM (2 out of 16, 12.5%); Missed information in 
ArAM: Importance and criticality of AAs (2 out of 16, 12.5%) 

Understanding outputs 
by other stakeholders 

Easy (8 out of 16, 50.0%); Difficult (3 out of 16, 18.8%); Not mentioned (5 out of 16, 
31.3%) 

Other The output quality of ArAM depends on the users (4 out of 16, 25.0%) 

Result 
demonstrability 

 Communicable (11 out of 16, 68.8%); Not communicable (1 out of 16, 6.3%); Not 
mentioned (4 out of 16, 25.0%) 

Experience Experience of design or 
architecting 

Important (13 out of 16, 81.3%); Not mentioned (3 out of 16, 18.8%) 

Others Tutorial A well-designed tutorial helps better understanding the usefulness of ArAM (10 out 
of 16, 62.5%) 

Project context The usefulness of ArAM is different in different project context (5 out of 16, 31.3%) 

Personal preference The perceived usefulness of ArAM depends on personal preference (5 out of 16, 
31.3%) 

Expected improvements 
regarding functions 

Presenting quantitative data (1 out of 16, 6.3%); Automatic verification (4 out of 16, 
25.0%); Integration with other approaches and tools (9 out of 16, 56.3%) 
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7.6 Discussion 
This section presents the interpretation of the results of the RQs, as well as the 

implications for researchers and practitioners.  

7.6.1 Interpretation of results 
Ease of use: ArAM is in general easy to use. This is partly due to the reason that 

ArAM is a plugin of Enterprise Architect (a UML-based platform for designing 
and developing software systems), which is a mature and popular tool used in 
industry. Moreover, UML is a common modeling language used in software 
development. In the case study, architecting (or design) experience was considered 
insignificant for the ease of use of ArAM by the subjects. This further implies that 
different types of stakeholders (e.g., requirements engineers and project managers) 
can easily use ArAM in their work.  

Additionally, we found that the perceived ease of use of ArAM is impacted by 
the quality of the tutorial. Without a good and clear tutorial, users may not get a 
fair understanding of the tool, and therefore, they cannot easily use it.  

Finally, we found that stakeholders, even those with the same role in the same 
company, may have different preferences and interests when using ArAM. For 
example, some subjects considered that the layout of ArAM was rather 
complicated, while others did not take issues with the layout. This finding further 
emphasizes the importance of having an elaborate tutorial before using ArAM in 
practice. 

Usefulness: The results show that ArAM not only has a high relevance 
regarding architecting and design, but also can benefit other software 
development activities, such as requirements engineering. One reason is that AAs 
are intertwined with various types of software artifacts (e.g., requirements and 
design decisions), and their lifecycle spans the entire software development (e.g., 
see Chapter 2 and Chapter 3).  

Though most of the subjects considered that the output quality of ArAM was 
good, they pointed out several aspects for improvements of the tool. One potential 
reason for considering ArAM as imperfect is that stakeholders may have different 
preferences and interests when using the tool. Another reason is that the output 
quality is not only related to the tool itself, but also affected by the users. For 
example, if a user documents AAs through ArAM without paying enough 
attention to the details of the AAs, the output quality of ArAM would be low.  

Furthermore, though architecting (or design) experience was considered not 
important for the ease of use of ArAM, it has a paramount influence on the 
usefulness of the tool. One reason could be that there is a significant difference 
between junior and experienced architects, as junior architects may not even be 
aware of the AAs made in their projects (see Chapter 6).  
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Finally, there may be large variations regarding the usefulness of ArAM in 
various project contexts or between different types of stakeholders. For example, 
for specific types of projects, such as small projects, documenting AAs may not be 
necessary, and therefore, ArAM would not be useful in such situation. 

7.6.2 Implications for researchers 
Understanding of the AA concept: Stakeholders may understand the AA 

concept differently from researchers. When conducting empirical studies 
regarding AAs as well as their management, this should be considered in the 
design of the study: whether let the subjects reach a consensus on the AA concept 
or maintain their own perception of the AA concept. 

Integration into existing tools: On the one hand, stakeholders need a dedicated 
tool to manage AAs in projects, while on the other hand, they do not need a “new” 
tool, since they are familiar and comfortable with the tools they already used. One 
solution for this problem is integrating AA management into the existing tools. For 
example, in this study, we developed ArAM as a plugin of Enterprise Architect (a 
modeling tool commonly used in industry). 

Perfect tool: Based on the results of the study, we understand that it is 
impossible to provide a “perfect” tool, which supports everything in AA 
management. Stakeholders may have different preferences and interests when 
using a tool. For example, in our study, some subjects complained about the layout 
of ArAM, while others did not see any issues with the layout. When designing and 
developing tools (e.g., a prototype tool) to manage AAs, researchers need to decide 
which problems should be prioritized as well as which functions should be 
supported.  

Stakeholders in AA management: In the case study, we found that ArAM can 
benefit not only architecting (or design), but also other software development 
activities. However, we have no evidence on the actual usefulness of ArAM for 
other types of stakeholders (e.g., requirements engineers and project managers), 
since all the subjects in this case study were architects. Therefore, how different 
types of stakeholders can be involved in AA management is another interesting 
topic for further research. 

7.6.3 Implications for practitioners 
Understanding of the AA concept: The AA concept is subjective, which could 

be a problem in managing AAs. We suggest that practitioners within the same 
project or an organization reach a consensus on the understanding of the AA 
concept. 

AA management: AA management is teamwork. We suggest that architects and 
designers should be responsible for managing AAs (e.g., the major users of ArAM), 
while other types of stakeholders can also be involved in AA management. 
Moreover, we encourage frequent and face-to-face communication between 
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stakeholders when managing AAs in projects (e.g., when using ArAM). Finally, 
not every AA is worth managing (e.g., by ArAM). Stakeholders need to first 
identify the AAs they perceive important in projects. 

Project context: AA management is influenced by project context. For example, 
it may not be worth to spend effort on managing AAs in small or “stable” projects 
(e.g., a project that is similar to a finished project), since there could be only a few 
AAs in such types of projects. Therefore, we suggest that practitioners should first 
evaluate the need and value of managing AAs (e.g., before using ArAM). 

Experience: There are variations between, for example, junior and experienced 
architects regarding AA management (e.g., the usefulness of ArAM). Practitioners 
need to be aware of such variations, which may cause problems (e.g., low quality 
of the AAs documented) in projects. 

7.7 Threats to validity 
We followed the guidelines proposed by Runeson and Höst [80] to discuss the 

threats to the validity of the case study. We excluded internal validity because we 
did not study causality. 

Construct validity reflects to what extent the research questions and the studied 
operational measures are consistent [80]. One threat could be that the subjects tried 
to use ArAM without a fair understanding of the tool (including the AA concept 
and AADF). To reduce this threat, during the workshops, the subjects were 
encouraged to raise questions about ArAM; the first, fourth, and fifth author 
answered all these questions from the subjects. Moreover, we organized a short 
discussion about ArAM with the subjects to ensure their appropriate 
understanding of the tool. Another threat is that whether the RQs can be properly 
answered by the collected data. To mitigate this threat, we used both interview 
and focus group in this study, iteratively developed the protocol of the case study, 
and discussed the protocol in a meeting with seven external researchers on 
software engineering. We also conducted a pilot study to improve the design of 
the case study. Finally, since all the subjects in the case study are Chinese, there is 
a threat that the translation from English to Chinese of the related documents (e.g., 
the questionnaire) and from Chinese to English of the collected data from 
questionnaires, interviews, and focus groups could have resulted in information 
vaporization and erosion. To mitigate this threat, the first, second, fourth, and fifth 
author (native Chinese speakers) were responsible for the translation. This 
translation was conducted iteratively. 

External validity concerns the generalization of the findings [80]. This case study 
was conducted with sixteen architects from nine domains in Beijing and Shenzhen, 
China; we argue that the results are applicable in projects with same or similar 
context (e.g., domain). However, considering the generalization of the findings to 
other context, replication of the case study is a solution to address this issue. To 
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improve the external validity, we made the materials of this work online (note that 
part of the materials are in Chinese) [192]. 

Reliability focuses on whether the study would yield the same results when 
other researchers replicate it [80]. To reduce this threat, we recorded the entire 
workshops through audio recording devices to avoid information vaporization 
and erosion. The first, fourth, and fifth author performed Constant Comparison for 
qualitative data analysis in parallel through an iterative process. The second 
author acted as a reviewer to verify the results of Constant Comparison in each 
iteration. Problems were discussed and addressed among all the authors. 

7.8 Conclusions 
On the one hand, AA Documentation is very important for the architecting 

process but also the entire software development lifecycle. On the other hand, 
though there are several approaches for AA Documentation, there is a lack of 
dedicated tools to support such approaches at an industrial setting. In this chapter, 
we present a specialized tool for AA Documentation, ArAM, which was developed 
as a plugin of Enterprise Architect to support practicing architects and designers. 
To validate the ease of use as well as the usefulness of ArAM, we conducted an 
industrial case study in Beijing and Shenzhen, China, with sixteen software 
architects from ten companies. The results of the case study show that ArAM is 
generally easy to use and useful in AA Documentation as well as in software 
development, though there are several points for improvement such as supporting 
data analysis and automatic verification.  

During the evaluation of the tool, though we found it could improve 
architectural assumption management in several aspects (e.g., it proved indeed 
useful for Architectural Assumption Description), the effort required was still a 
key challenge of employing architectural assumption management in practice (also 
supported by the results of Chapter 6). Therefore, there was a need to reduce the 
investment in managing architectural assumptions and consequently make it less 
resource-intensive. According to the literature (e.g., the Agile Manifesto [21]), 
agility aims at reducing the effort of traditional software development, and 
embracing changes with, for example, a set of agile practices. Integrating agility 
into architectural assumption management could be a promising way to address 
the aforementioned problem. As a first step, before trying to propose a specific 
solution, there was a need to understand the current state of the research regarding 
the combination of architecture in general and agility in software development (see 
the next chapter). 
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Chapter 8 A Systematic Mapping Study on 
the Combination of Software 
Architecture and Agile Development  

[Based on: C. Yang, P. Liang, and P. Avgeriou. A systematic mapping study 
on the combination of software architecture and agile development. Journal 
of Systems and Software, 111(1): 157- 184, 2016.] 

Abstract 

Context: Combining software architecture and agile development has 
received significant attention in recent years. However, there exists no 
comprehensive overview of the state of the research on the 
architecture-agility combination.  

Objective: This chapter aims to analyze the combination of 
architecture and agile methods for the purpose of exploration and 
analysis with respect to architecting activities and approaches, agile 
methods and practices, costs, benefits, challenges, factors, tools, and 
lessons learned concerning the combination.  

Method: A systematic mapping study (SMS) was conducted, covering 
the literature on the architecture-agility combination published 
between Feb. 2001 and Jan. 2014.  

Results: Fifty-four studies were finally included in this SMS. Some of 
the highlights: (1) a significant difference exists in the proportion of 
various architecting activities, agile methods, and agile practices 
employed in the combination. (2) none of the architecting approaches 
has been widely used in the combination. (3) there is a lack of 
description and analysis regarding the costs and failure stories of the 
combination. (4) twenty challenges, twenty-nine factors, and twenty-
five lessons learned were identified.  

Conclusions: The results of this SMS help the software engineering 
community to reflect on the past thirteen years of research and 
practice on the architecture-agility combination with a number of 
implications. 
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8.1 Introduction 
Critics of traditional architecting processes argue that they tend to employ a Big 

Design Up-Front (BDUF) approach leading to excessive documentation and 
implementation of possibly unneeded features, which introduce additional 
development effort [118]. As an alternative to BDUF, agile development is 
proposed, which mainly focuses on adapting to change and delivering products of 
high quality through simple work-processes [139]. 

Freudenberg and Sharp listed the top 10 burning research questions in the agile 
development community collected from about 300 practitioners at the XP 2010 
conference, and the question “Architecture and agile - how much design is enough for 
different classes of problem?” is ranked in the second position [143]. Many 
approaches, techniques, processes, and tools have been proposed and developed 
to support either the use of software architecture (SA) or the use of agile methods 
in software development. However, ways to combine them is a challenging issue, 
which has been heavily debated over the past years [118]. To understand how SA 
and agile development can be used together, we conducted a systematic mapping 
study to collect primary studies on using software architecture in agile 

development as well as using agile methods in architecture-centric development. 
This study aims at identifying available evidence on various aspects of this topic 
(for details see Section 8.3.1), and spotting gaps in the application of architecture in 
agile development and the other way round, i.e., the application of agile methods 
and practices used within architecture-centric development. 

We decided to conduct a SMS because the studied topics (software architecture 
and agile development) cover very broad areas. However, we did not just simply 
perform a mapping (classifying primary studies into categories), but also 
synthesized data from studies (by using grounded theory [79]).  

The rest of this chapter is structured as follows. Section 8.2 provides the context 
of this SMS, i.e., architecting activities and agile practices. Section 8.3 details the 
mapping study process with the research questions. Section 8.4 presents the results 
of the research questions. Section 8.5 further discusses the study results with their 
implications for researchers and practitioners. Section 8.6 presents the threats to 
validity. Section 8.7 concludes this chapter. 

8.2 Context 
The contextual elements of this SMS include architecture-centric development 

and agile development. We discuss the topic of architecture-centric development 
through architecting activities and agile development through agile practices. We 
summarize eleven architecting activities in Section 8.2.1, which are collected from 
existing literature, and briefly review the practices of agile development in Section 
8.2.2. 
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8.2.1 Architecting activities 
The architecting process is comprised of a number of specific architecting 

activities (covering the entire architectural lifecycle) and a number of general 
architecting activities (supporting the specific activities). The specific activities are 
listed and described below:  

Architectural Analysis (AA34) is aimed at defining the problems an architecture 
must solve. The outcome of this activity is a set of architecturally significant 
requirements (ASRs) [109]. 

Architectural Synthesis (AS) proposes candidate architecture solutions to 
address the ASRs collected in AA, thus this activity moves from the problem to the 
solution space [109]. 

Architectural Evaluation (AE) ensures that the architectural design decisions 
made are the right ones, and the candidate architectural solutions proposed in AS 
are measured against the ASRs collected in AA [109]. 

Architectural Implementation (AI) realizes the architecture by creating a 
detailed design [88]. 

Architectural Maintenance and Evolution (AME): Architectural maintenance is 
to change an architecture for the purpose of fixing faults [1][117] and architectural 
evolution is to respond to new requirements at architectural level [163]. In this 
SMS, we simply considered architectural maintenance and architectural evolution 
as one activity, in which an architecture is changed either to fix faults or to 
implement new requirements.  

An architecting process is composed of the five specific activities mentioned 
above [88][109]. There are also general architecting activities (e.g., architectural 
description) identified in [154] that are meant to support the specific activities. For 
example, architectural description (ADp) can be used to specify and document the 
candidate architecture solutions during architectural synthesis (AS). The general 
activities are described as follows: 

Architectural Recovery (AR) is used to extract the current architecture of a 
system from the system’s implementation [157]. 

Architectural Description (ADp) is used to describe the architecture with a set 
of architectural elements (e.g., architecture views). This activity can help 
stakeholders (e.g., architects) to understand the system, and improve the 
communication and cooperation among stakeholders [1]. 

Architectural Understanding (AU) is used to comprehend the architectural 
elements (e.g., architectural decisions) and their relationships in an architecture 
design [154]. 

Architectural Impact Analysis (AIA) is used to identify the architectural 
elements, which are affected by a change scenario [129]. The analysis results 

                                                           
34 In this chapter, AA represents “Architectural Analysis”, while in other chapters, AA represents 

“Architectural Assumption”. 



Chapter 8 

 228 

include the components in architecture that are affected directly, as well as the 
indirect effects of changes to the architecture [129].  

Architectural Reuse (ARu) aims at reusing existing architectural design 
elements, such as architecture frameworks, decisions, and patterns in the 
architecture of a new system [116]. 

Architectural Refactoring (ARf) aims at improving the architectural structure of 
a system without changing its external behavior [123][142]. 

8.2.2 Agile practices 
Agile development aims at stripping away, as much as possible, the effort-

intensive activities in software development [141], and focuses on quick response 
to various changes of a project [141]. Agile practices are in 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 [121]. Agile practices in principle 
adhere to the values proposed in the agile manifesto [127]. 

To the best of our knowledge, there is no work that systematically summarizes, 
analyzes, and classifies all existing agile practices. In literature we found more 
than a hundred such practices. We collected the top 20 of these agile practices 
(listed in Table 64) according to the number of articles that discuss them (as shown 
in the “Sources” column). 

 
Table 64. Top 20 agile practices 

Agile Practice Sources 

Test-Driven Development (Early Testing, Test-First 
Development) 

[73][128][146][147][166][169][172][179]  

Pair Programming [73][128][147][162][166][169][172][179]  

Continuous Integration (Frequent Integration) [73][128][147][161][162][166][179][172]  

Daily Standup [73][128][146][147][162][166][172][179]  

Refactoring (Code Refactoring, Frequent Refactoring) [73][146][147][161][166][169][179]  

On-Site Customer (Active Customer Participation, Direct 
Interaction with Customer, Whole Team, Constant 
Customer Feedback) 

[73][128][147][161][166][169][172]  

Backlog (Product Backlog, Flexible Product Backlog, Task 
List, Prioritized Backlog) 

[73][147][161][166][172][179]  

Collective Code Ownership (Team Code Ownership) [73][128][147][161][166][179]  

Retrospective (Iteration Retrospective) [146][147][162][166][172][179]  

Coding Standard [73][128][146][147][166][179]  

User Story (Story Mapping) [128][147][162][172][179]  

Planning Game (Release Planning Game, Iteration 
Planning Game) 

[73][147][162][169][179]  

Iteration Planning (Sprint Planning) [146][147][162][166][179]  
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Iterative Development (Iteration, Short Iteration, Iterations 
and Increments) 

[147][161][166][172][179]  

Open Work Area (Open Office Space, Common Room, Sit 
Together) 

[73][147][162][166][179]  

Simple design (Incremental Design) [73][128][147][161]  

Unit testing [73][147][166][179]  

Iteration Review (Sprint Review/Demo) [146][147][179][172]  

System Metaphor [73][128][166]  

Short Release (Small Release, Frequent Release, Frequent 
and Incremental Delivery) 

[73][128][166]  

 

This list of agile practices as well as the related literature presented above is not 
comprehensive; there are potentially many other papers that discuss similar or 
other agile practices. Furthermore, the aforementioned agile practices may be 
partially overlapping as listed in the parentheses of Table 64. For example, “Direct 
Interaction with Customer” in [128] is the same as “On-Site Customer” in [172]. 
Considering this, we include “agile practice” as a data item to be extracted in 
selected studies (see Section 8.3.2.3). Note that we only focus on the agile practices 
related to software architecture in this SMS. 

8.3 Mapping study process 

8.3.1 Research questions 
The goal of this SMS, formulated using Goal-Question-Metric approach [45], is 

to analyze the combination of software architecture and agile methods for the 

purpose of exploration and analysis with respect to architecting activities and 
approaches, agile methods and practices, costs, benefits, challenges, factors, tools, 
and lessons learned from the point of view of researchers and practitioners in the 

context of software development. 

We decomposed the goal into nine research questions (RQs) shown in Table 65. 
The answers of these RQs can be readily linked to the objective of this mapping 
study: an understanding of how architecting can be used in agile development 
(RQ1, RQ2), which agile methods and practices can be used with architecture (RQ3, 
RQ4), the costs, benefits, challenges, and the available tools of the architecture-
agility combination (RQ5, RQ6, RQ8), the factors which may have an impact on the 
combination (RQ7), and the lessons learned from the combination (RQ9).  

 
Table 65. Research questions and their description 

Research question Description 

RQ1: Which architecting activities 
can be used in agile development? 

The architecting process is comprised of various architecting 
activities (e.g., architectural analysis, architectural 
description). We want to know which such activities can be 
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used in agile development. 

RQ2: How architecting can be 
practiced in agile development? 

There are many architecting approaches (e.g., ATAM [150]) 
proposed and practiced in software development. We want 
to know which specific approaches can be used in practicing 
architecture in agile development. 

RQ3: Which agile development 
methods can be used with 
architecture? 

There are many agile methods (e.g., XP, SCRUM) which have 
been used in software development. We want to know which 
of the methods can be used together with architecture.  

RQ4: Which practices of agile 
development can be used with 
architecture? 

There are many practices (e.g., customer on site) in agile 
development. We want to get a clear view of which such 
practices can be used in the architecture-agility combination.  

RQ5: What are the costs and 
benefits of the architecture-agility 
combination? 

Combining agile methods and architecture leads to certain 
benefits (e.g., reduced re-engineering costs) but also incurs 
costs (e.g., development effort). We want to help researchers 
and practitioners understand and consider the architecture-
agility combination in a cost-benefit perspective.  

RQ6: What are the challenges in the 
architecture-agility combination? 

There are obstacles (conflicts) in combining agile methods 
and architecture, e.g., SA implicitly follows a top-down 
development process while agility represents a bottom-up 
development and delivery of new features. These challenges 
can provide research directions for improving the 
architecture-agility combination. 

RQ7: What are the factors that 
impact the success of applying the 
architecture-agility combination? 

Whether an architecture-agility combination is successful or 
not may be impacted by certain factors (e.g. contextual 
factors) in software development. Note that Chen and Babar 
identified the contextual factors that impact architecture 
emergence in agile development [134]. Our SMS covers those 
contextual factors as well as other factors that impact the 
success of applying the architecture-agility combination. 
From this perspective, our study has a different focus and a 
larger scope compared with the study by Chen and Babar 
[134]. 

RQ8: What tools are available to 
support the architecture-agility 
combination? 

There are many tools that can be used for both architecture-
centric development and agile development. We want to 
make practitioners aware of the tools that they may employ 
to facilitate the architecture-agility combination. 

RQ9: What are the lessons learned 
from the architecture-agility 
combination? 

The lessons learned cover the experience of the authors and 
potential good practices, when adopting architecture-agility 
combination.  

 

8.3.2 Mapping study execution 
This study follows the guidelines proposed in [49]. Fig. 47 shows the execution 

procedure of this SMS, which is comprised of seven tasks in five phases. Before the 
formal search, we executed a trial search (Phase 1) because the search engines 
provided by the databases (see Table 66) were different, and we could not employ 
the same search strategy in all databases. The trial search was also used to improve 
the search terms. We searched in seven databases as listed in Table 66 and used the 
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search terms defined in Section 8.3.2.1.2. We conducted three rounds of study 
selection, including selection by title (1st round), selection by abstract (2nd round), 
and selection by full text (3rd round). To make the process of this SMS more 
efficient, some tasks were conducted simultaneously in Phase 2 and Phase 4 (see 
Fig. 47): 

•  Phase 2, study search and the first round study selection (by title): When 
searching in the electronic databases, we decided whether a paper should be 
included or not based on its title. 

•  Phase 4, the third round study selection (by full text) and study data 
extraction: When judging whether a paper should be included or not by reading its 
full text, we also extracted the data from the paper if it was selected. 

In Phase 3, we conducted the 2nd round selection through reading the abstract 
of the papers, and in Phase 5, the extracted data was further synthesized to answer 
the RQs. These tasks are detailed in the following subsections. 

 

 
Fig. 47.  Execution procedure of the SMS in phases and tasks 

 

8.3.2.1 Study search 

In this section, we describe the search scope and the search strategy. 
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8.3.2.1.1 Search scope 

Time period: The time period is set between Feb. 2001 when agile manifesto was 
proposed [127] and Jan. 2014 when we started this SMS. 

Electronic databases: The seven electronic databases listed in Table 2 were 
selected as the sources for the database search. Note that we excluded Google 
Scholar in this SMS, due to the reason stated in [44]: it would have much overlap 
with e.g., ACM (ED1 in Table 66) and IEEE (ED2 in Table 66) on software 
engineering literature. 

 
Table 66. Electronic databases included in the mapping study 

# Electronic database Search terms used in 

ED1 ACM Digital Library Paper title, abstract 

ED2 IEEE Explore Paper title, keywords, abstract 

ED3 Science Direct Paper title, keywords, abstract 

ED4 Springer Link Paper title, abstract 

ED5 Wiley InterScience Paper title, abstract 

ED6 EI Compendex Paper title, abstract 

ED7 ISI Web of Science Paper title, keywords, abstract 

 

8.3.2.1.2 Search strategy 
We initially identified the search terms based on the study topic (the 

architecture-agility combination) and the RQs. PICO (Population, Intervention, 
Comparison, Outcomes) [17] was then used to construct the search terms 
presented below. Population includes the terms of agile development methods; we 
selected the agile methods that are popularly used according to a recent literature 
review [48] and surveys on agile development [119][166][174]. Dynamic Systems 
Development Method (DSDM) [173] is not included in the population terms, 
because it was proposed in 1998 before the Agile Manifesto in 2001 [127]. 
Intervention includes the terms about architecture. We initially included the word 
“design”, which is related to architecture, as a search term in the trial searches. 
However, we found that it leads to a large proportion of irrelevant results since 
“design” is a very general word; hence we decided to exclude the word “design” 
in the formal search. Note that, regarding the intervention and population terms, 
we could have done the opposite, i.e., use terms about “architecture” for 
population, and terms about “agile methods” for intervention, because the topic of 
this SMS is about the architecture-agility combination; however this does not affect 
the combination results of search terms when using Boolean AND. Considering 
this, we did not include “architecture” terms in population and “agile method” 
terms in intervention for simplicity. The comparison and outcomes parts are not 
considered in the search terms, because we do not intent to compare agile 
development methods with other types of development methods and it is difficult 
to limit the scope of the outcomes in this SMS. 
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We tried several combinations of search terms in the trial searches. This is 
because the search engines provided by each database are different, and we could 
not use the same combination of search terms in all the databases. An improper 
search may result in many irrelevant results. We tried to find a suitable way of 
search for each database with trial searches. 

The search terms in population and intervention are listed below: 

Population: agile, agility, extreme programming, XP, feature driven 
development, FDD, scrum, crystal, pair programming, test-driven development, 
TDD, leanness, lean software development, lean development, LSD 

Intervention: architecture, architectural, architecting 

Boolean OR is used to connect alternate terms, and Boolean AND is used to join 
major terms for population and intervention. For example, if the electronic search 
engine supports logic OR and AND, we can use the following query expression to 
search in the electronic databases: 

(agile OR agility OR extreme programming OR XP OR feature driven development 
OR FDD OR scrum OR crystal OR pair programming OR test-driven development OR 
TDD OR leanness OR lean software development OR lean development OR LSD) AND 
(architecture OR architectural OR architecting) 

8.3.2.2 Study selection 

In this section, we describe the selection criteria and the process of the three 
rounds of study selection. One researcher selected studies in the first round, and 
two researchers selected the studies in parallel in the second and third rounds. The 
results of the study selection were discussed and any conflicts between the results 
were resolved, in order to mitigate personal bias in study selection. 

8.3.2.2.1 Selection criteria 

Before the study selection, the researchers discussed and reached a consistent 
understanding of the inclusion and exclusion criteria listed in Table 67. Two 
researchers also conducted a pilot study on study selection using these criteria and 
further resolved any disagreement and misunderstandings on these criteria. 

 
Table 67. Inclusion criteria and exclusion criteria in the mapping study 

Inclusion criteria 

I1: A paper that is peer-reviewed. 

I2: A paper that concerns the architecture-agility combination. 

Exclusion criteria 

E1: If a paper is an extended version of a previous paper, the previous version is excluded. 

E2: If a paper introduces an approach that uses architecture, but this approach is not applied in agile 
development, the paper is excluded. 

E3: If a paper introduces an approach that uses agile methods, but this approach is not applied in 
architecture-centric development, the paper is excluded. 
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E4: If a paper is grey literature (i.e., technical report, work in progress) [17], the paper is excluded. 

E5: If a paper is not written in English, the paper is excluded. 

 

8.3.2.2.2 First round study selection 

We used the search strategies to identify primary studies. At the same time, we 
checked the titles of the retrieved studies against the selection criteria. We retained 
the papers for the next round of study selection, if we could not decide through 
their titles. Note that the search terms were matched with the titles, keywords, and 
abstracts in IEEE Explore, Science Direct, and ISI Web of Science. In the other 
electronic databases, i.e., ACM Digital Library, SpringerLink, Wiley InterScience, 
and EI Compendex, the search terms were only matched with the titles and 
abstracts due to the limitation of the databases.  

8.3.2.2.3 Second round study selection 

In this round, we read the abstracts of the retained papers and selected papers 
according to the selection criteria (see Table 67). Results were checked and any 
disagreements were discussed and resolved among all the researchers. If a 
resolution was difficult to make, the study was retained for the next round. 

8.3.2.2.4 Third round study selection 

In the last round, we read the full papers and used the selection criteria to judge 
whether the papers should be finally selected or not. The researchers also 
discussed and reached an agreement about whether a paper should be finally 
included or not. 

8.3.2.3 Data extraction 

We extracted the relevant data items shown in Table 68 from each selected study 
to answer the nine RQs of this SMS. The extracted data was recorded on a MS 
Excel spreadsheet for further synthesis. 

 
Table 68. Data items to be extracted from primary studies 

# Data item Description Relevant RQ 

D1 Index The ID of the paper Overview 

D2 Title The title of the paper Overview  

D3 Author list The full name of all the authors of the paper Overview  

D4 Year The year when the paper was published Overview  

D5 Venue The name of the venue where the study was 
published 

Overview  

D6 Publication type Journal, conference, workshop, or book 
chapter 

Overview  

D7 Authors’ type Researcher or practitioner or both Overview  

D8 Research questions The research questions that the paper tries Overview  
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to answer 

D9 Summary The main content of the paper Overview  

D10 Limitations Limitations (e.g., approaches proposed in 
the paper) discussed by the authors 

Overview  

D11 Architecting activities The SA activities mentioned in the paper. 
Examples: architecture analysis, 
architecture synthesis, architecture 
evaluation, which are presented in Section 
8.2.1. 

RQ1 

D12 Architecting approaches The specific architecting approaches 
introduced or used in the paper. Example: 
DCAR (Decision Centric Architecture 
Reviews) [178], etc.  

RQ2 

D13 Agile development 
methods 

The methods used in agile development.  
Examples: XP, lean software development, 
etc.  

RQ3 

D14 Agile practices  The agile practices used in the architecture-
agility combination 

RQ4 

D15 Costs The costs of the architecture-agility 
combination discovered or discussed by the 
authors 

RQ5 

D16 Benefits The benefits of the architecture-agility 
combination discovered or discussed by the 
authors 

RQ5 

D17 Challenges The challenges of the architecture-agility 
combination, which have not been solved  

RQ6 

D18 Factors The factors which may impact the success of 
the architecture-agility combination 
discovered or discussed by the authors 

RQ7 

D19 Tool support The tools used in the architecture-agility 
combination 

RQ8 

D20 Lessons learned The lessons learned from the architecture-
agility combination by the authors 

RQ9 

 

8.3.2.4 Data synthesis 

In this phase, the extracted data were synthesized to answer the nine RQs, and 
the main data were visualized in a map (see Fig. 49). We classified the SA activities 
into six general and five specific activities (see Section 8.2.1) as shown in the top of 
Fig. 47.  

We performed a descriptive statistics analysis on the architecting activities, 
architecting approaches, agile methods, agile practices, factors, and tools, and used 
Grounded Theory [79] to analyze architecting approaches, agile practices, costs 
and benefits, challenges, factors, tools, and lessons learned in the architecture-
agility combination. In addition to the descriptive statistics analysis and Grounded 
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Theory methods for data synthesis, we also provided some examples to clarify the 
data synthesis results.  

We used descriptive statistics to answer RQ1, RQ2, RQ3, RQ4, RQ7, and RQ8 
and Grounded Theory to answer RQ2, RQ4, RQ5, RQ6, RQ7, RQ8, and RQ9 
[50][79]. Grounded Theory is a research method that generates theories from data 
[20]. In this SMS, Grounded Theory was used to generate types and subtypes from 
extracted data items (e.g., D18: Factors in Table 68) to answer the RQs. The three 
coding phases in classical Grounded Theory are open coding, selective coding, and 
theoretical coding [50]. Only open coding and selective coding were used in the 
data synthesis of this SMS, because we do not need to generate theories through 
this SMS using theoretical coding. Open coding generates codes for incidents that 
can be clustered into concepts and categories [20]. This phase was used to generate 
code of certain data items (e.g., D18: Factors in Table 68). Selective coding 
identifies the core category, which explains the greatest variation in the data and 
around which the emerging theory is built [20]. This phase was used to identify 
e.g., the six factors that impact the architecture-agility combination in this SMS. 
Grounded Theory was executed in an iterative process, and we refined and 
adapted the codes and their relationships in each iteration. During the process of 
using Grounded Theory, we also used Constant Comparison method [20] to 
compare incidents (i.e., the extracted data) with incidents, and incidents to 
concepts and categories (e.g., the six factors in Table 78). With this comparison, we 
(as researchers) needed to consider the similarities and differences of the meaning 

among the incidents, in order to achieve the best fit to the data [175]. For 
example, we identified over one hundred factors that may impact the successful 
architecture-agility combination from the selected studies initially. By using 
constant comparison, we compared each factor with other factors, and finally came 
up with the factors in Table 78. 

8.4 Study results 
In this section, the results of this SMS are presented to answer the nine RQs.  

8.4.1 Overview of results 
The search and selection results, and the studies distribution are reported in this 

section. 

8.4.1.1 Search and selection results 

As shown in Fig. 48, 17,249 papers were initially retrieved by applying the 
search terms before the first round. 2,646 studies were retained before the second 
round. 159 studies were kept before the third round. 54 studies were finally 
selected in this SMS. 
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Fig. 48. Results of study search and selection 

 

8.4.1.2 Studies distribution 

In this SMS, we used a bubble chart (see Fig. 49) to show the distribution of the 
selected studies over architecting activities, agile methods, and time period. 
Bubbles in the left part of the figure are used to represent the selected studies on 
certain architecting activities (used in agile development) published in a specific 
year. Bubbles in the right part of the figure are used to describe the selected studies 
combining certain agile methods and architecting activities. The numbers shown in 
a bubble represent the identification number of the selected studies (see Appendix 
F.1). In the rest of the paper, Sn presents the nth selected study. The detailed 
information of this map (Fig. 49) is described in Section 8.4.2 and 8.4.4. 
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Fig. 49. Bubble chart over architecting activities, agile methods, and time period 

 
Table 69 presents the number and proportion of the selected studies over the 

publication venues. The 54 included studies are distributed over 31 publication 
venues, suggesting the architecture-agility combination has been a widespread 
concern in the research community. As shown in Table 69, the leading venues in 
this study topic are one journal on software practices (IEEE Software, 18.5%) and 
one conference specialized in agile development (AGILE, 7.4%). 

 
Table 69. Number and proportion of the selected studies over publication venues 

Publication venue Type No. % 

IEEE Software Journal 10 18.5% 

Agile Development Conference (AGILE) Conference 4 7.4% 

International Conference on Agile Software Development (XP) Conference 3 5.6% 

CrossTalk Journal 3 5.6% 

Working IEEE/IFIP Conference on Software Architecture & 
European Conference on Software Architecture 
(WICSA/ECSA) 

Conference 3 5.6% 
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Agile Software Development Book 2 3.7% 

Agility Across Time and Space Book 2 3.7% 

International Conference on Object-Oriented Programming 
Systems, Languages, and Applications (OOPSLA) 

Conference 2 3.7% 

European Conference on Software Architecture (ECSA) Conference 2 3.7% 

International Conference on Software Engineering (ICSE) Conference 2 3.7% 

Information and Software Technology Journal 1 1.9% 

Journal of Software: Evolution and Process Journal 1 1.9% 

Journal of the Brazilian Computer Society Journal 1 1.9% 

Workshop on SHAring and Reusing Architectural Knowledge 
(SHARK) 

Workshop 1 1.9% 

International Workshop on Cooperative and Human Aspects 
of Software Engineering (CHASE) 

Workshop 1 1.9% 

International Conference on Software Technologies & 
International Conference on Evaluation of Novel Approaches 
to Software Engineering (ICSOFT/ENASE) 

Conference 1 1.9% 

International Conference on Information Technology: New 
Generations (ITNG) 

Conference 1 1.9% 

International Conference on Model Driven Engineering 
Languages and Systems (MODELS) 

Conference 1 1.9% 

International Requirements Engineering Conference (RE) Conference 1 1.9% 

Australian Conference on Software Engineering (ASWEC) Conference 1 1.9% 

International Working Conference on Requirements 
Engineering: Foundation for Software Quality (REFSQ) 

Conference 1 1.9% 

EUROMICRO Conference on Software Engineering and 
Advanced Applications (SEAA) 

Conference 1 1.9% 

Hawaii International Conference on System Sciences (HICSS) Conference 1 1.9% 

AGILE India (AGILE INDIA) Conference 1 1.9% 

International Conference on Services Computing (SCC) Conference 1 1.9% 

International Conference on Agility (ICAM) Conference 1 1.9% 

International Conference on Computational Intelligence and 
Software Engineering (CiSE) 

Conference 1 1.9% 

International Conference on Information Reuse and 
Integration (IRI) 

Conference 1 1.9% 

International Conference on Software and System Process 
(ICSSP) 

Conference 1 1.9% 

International Conference on the Quality of Software 
Architectures & International Symposium on Architecting 
Critical Systems (QoSA/ISARCS) 

Conference 1 1.9% 

WRI World Congress on Software Engineering (WCSE) Conference 1 1.9% 

 

Fig. 50 shows the number of the selected studies published from 2001 to 2013. 
Note that there is one study published in 2014, which is not shown in Fig. 50, 
because only one month (January) of 2014 is covered in the search period (see 
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Section 8.3.2.1.1). The number of studies on the architecture-agility combination 
has been increasing steadily in the last decade with an exceptional peak in 2010. 
Table 70 presents the distribution of selected studies over publication venues in 
2010. We found that there are five studies from a special issue of IEEE Software 
and four book chapters from two books in the sixteen studies published in 2010, 
which explains the peak number of that year. 

 

 
Fig. 50. Number of the selected studies over time period 

 
Table 70. Number of the studies over publication venues in 2010 

Publication venue Type No. 

IEEE Software Journal 6 

Agile Software Development Book 2 

Agility Across Time and Space Book 2 

European Conference on Software Architecture (ECSA) Conference 2 

CrossTalk Journal 1 

International Conference on Model Driven Engineering Languages and 
Systems (MODELS) 

Conference 1 

International Requirements Engineering Conference (RE) Conference 1 

International Conference on Computational Intelligence and Software 
Engineering (CiSE) 

Conference 1 

 

As shown in Fig. 51, authors of 48.1% of the selected studies (i.e., 26 studies) 
come from academia, and authors of 42.6% of the selected studies (i.e., 23 studies) 
work in industry. The rest (9.3%) of the studies (i.e., 5 studies) are co-authored by 
authors from both academia and industry. 
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Fig. 51. Number and proportion of the selected studies over author types 

 
As shown in Table 71, we classified the 54 selected studies into two groups 

according to their context (i.e., from industry or academia). 44 studies (81.5%) are 
conducted in an industrial context and 11 studies (20.4%) are based on an 
academic environment. Note that the survey in [S44] includes both practitioners 
and researchers as participants, and this study is classified in both “Industry” and 
“Academia”. The result shows that most selected studies (81.5%) are evidenced by 
industrial projects, surveys, or experience. 

 
Table 71. Studies distribution over industry and academia 

Industry (44, 81.5%) Academia (11, 20.4%) 

[S2][S3][S4][S5][S6][S7][S9][S10][S71][S13][S14][S15][S17][S18][S19] 
[S21][S22][S24][S25][S26][S29][S30][S31][S32][S33][S34][S35][S36] 
[S37][S38][S39][S41][S42][S43][S44][S46][S47][S48][S49][S50][S51] 
[S52][S53][S54] 

[S1][S8][S11][S16][S20][S23] 
[S27][S28][S40][S44][S45] 

 

8.4.2 RQ1: Which architecting activities can be used in 
agile development? 

Fig. 49 presents the map of the selected studies over architecting activities, agile 
methods, and time period. Note that we only extract the data (i.e., data item D11: 
Architecting activities) if a study explicitly mentioned architecting activities and 
how they were used in the architecture-agility combination. The detailed 
information of the studies distribution over architecting activities is shown in Fig. 
52. This figure shows a significant difference in the numbers of the architecting 
activities used in agile development. 

Architectural Description (ADp) is the most frequently discussed architecting 
activity in the architecture-agility combination (29 out of 54 studies, 53.7%). 

Academia,26, 
48%

Industry,23, 
43%

Both, 5, 
9%
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Existing literature on ADp is mostly related to heavy-weight development 
methodologies [144]. Architecture documents described using these ADp 
approaches (e.g., views and beyond [26]) are usually large and complex, which do 
not adapt well to the lean, flexible, and minimalistic approach of agile 
development [144]. The agile principle “Working software over comprehensive 
documentation” [127] also indicates that documentation is not an emphasis in agile 
development [118][122][144]. To this end, some studies aimed to develop suitable 
ADp approaches for agile development, such as Abstract Architecture 
Specification Document [S22], Agile Architecture Line Approach and Model [S25], 
and Developer Stories [S27]. These ADp approaches are further described in detail 
in Section 8.4.3 (answer to RQ2). 

Architectural Evaluation (AE) is the second most frequently discussed 
architecting activity in the architecture-agility combination (13 out of 54 studies, 
24.1%). AE ensures that the architectural design decisions made are the right ones 
[109], while practitioners of agile methods usually see limited value from the 
customers’ perspective in the up-front architecture design and evaluation [118]. 
Traditional AE approaches, such as Architecture Tradeoff Analysis Method 
(ATAM) [150], require to prepare extensive documents with long meeting sessions, 
which is rather heavy and costly for agile development [136][171]. To address this 
issue, some studies aimed to develop AE approaches specifically for evaluating 
architecture in agile development, such as Decision Centric Architecture Reviews 
(DCAR) [S17], and Modified Architecture Tradeoff Analysis Method [S20]. Details 
of these approaches are provided in Section 8.4.3. 

Architectural Understanding (AU) lies in the third position of the architecting 
activities discussed in agile development (8 out of 54 studies, 14.8%). Stakeholders 
are expected to clearly define the architecture, and should not assume a tacit, 
implicit understanding of architecture in agile development [118]. A shared and 
consistent understanding on the existing architecture can also help the 
development team to identify the implementable architectural changes [148]. In 
[S29], the authors used a simple story about eating lunch as a metaphor, to help 
teammates understand architecture (e.g., how important quality attributes are 
promoted by architectural design decisions). For example, clean code as part of 
maintainability (one of the quality attributes) can be explained with the “Bento Box” 
metaphor, without which the dessert, noodles, and sushi might get all mixed up 
and won’t taste very good. 

Architectural Maintenance and Evolution (AME) occupies the fourth position (8 
out of 54 studies, 14.8%). Architectures need to be maintained and evolved in agile 
development. For example, maintaining architectural integrity can preserve earlier 
architectural design decisions during iterations [138]. As an example, in [S15], the 
authors proposed a Change Impact Analysis approach, which allows stakeholders 
to iteratively and incrementally construct and evolve architectures based on two 
architecture properties: flexibility and adaptability in agile development. As a 
result, working architectures can be iteratively and incrementally designed and 



A Systematic Mapping Study on the Combination of Software Architecture and Agile Development 

 

 243 

evolved in agile development through weaving/unweaving extensions of 
components, and/or by modifying the architecture configuration through optional 
components and connectors. 

Architectural Analysis (AA) comes in at fifth position (6 out of 54 studies, 
11.1%). In agile development, customers are actively involved in most of the tasks 
related to AA, such as examining architectural context and concerns [122]. In [S13], 
the authors proposed Architecturally Savvy Personas approach to explore and 
analyze architecturally significant requirements (ASRs) in agile development, in 
which developers and architects work collaboratively to create a small and distinct 
set of personas and to write a series of architecturally significant user stories for 
each persona. 

Architectural Refactoring (ARf) ranks in the sixth position (4 out of 54 studies, 
7.4%). Thapparambil claimed that ARf is an important activity for constructing 
architecture in agile development [177]. This architecting activity allows the 
development team to optimize architecture design and provides required 
functionalities in a better way through refactoring past architecture solutions [171]. 
In [S2], the architects considered that both architectural and code refactoring could 
help in agile development to achieve system qualities (e.g., improving 
maintainability by fixing the structure). 

Other architecting activities, Architectural Impact Analysis (AIA), Architectural 
Implementation (AI), Architectural Synthesis (AS), Architectural Reuse (ARu), 
Architectural Recovery (AR) have received much less attention in the selected 
studies. We will discuss the possible reasons in Section 8.5. 
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Fig. 52. Studies distribution over architecting activities 

 

8.4.3 RQ2: How architecting can be practiced in agile 
development? 

We collected and identified forty-three architecting approaches (AAps) from the 
selected studies which can be practiced in agile development, as listed in Table 72 
with the supported architecting activities by these approaches. Architecting 
approaches in this SMS refer to various approaches which can facilitate 
architecting in the architecture-agility combination. These approaches include both 
approaches directly related to architecture (e.g., architectural evaluation methods 
like ATAM [150] and DCAR [178]) and approaches borrowed from other areas that 
are applied within an architecting activity (e.g., Real Options from corporate 
finance [130][132]). Most of these architecting approaches (such as Architecturally-
Savvy Personas in [S13] and Simplified Architecture Tradeoff Analysis Method in 
[S20]) are lightweight, and consequently they can be integrated in agile 
development with acceptable cost. We describe six of these architecting 
approaches in this section as examples to show how architecting is practiced in 
agile development to facilitate the architecture-agility combination. 

The forty-three architecting approaches were used in most of the architecting 
activities (see Section 8.2.1) as shown in Fig. 53. Most of the architecting 
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approaches were used to support ADp (23 out of 54 studies, 42.6%) and AE (12 out 
of 54 studies, 22.2%) in agile development. On the contrary, AU (5 out of 54 studies, 
9.3%), AA (4 out of 54 studies, 7.4%), ARf (3 out of 54 studies, 5.6%), AME (3 out of 
54 studies, 5.6%), AIA (2 out of 54 studies, 3.7%), AI (2 out of 54 studies, 3.7%), AS 
(1 out of 54 studies, 1.9%), ARu (1 out of 54 studies, 1.9%), and AR (0 out of 54, 0%) 
have received much less attention in the architecture-agility combination. There is 
no architecting approach that supports AR in agile development. 

 

 
Fig. 53. Studies distribution over architecting approaches and architecting activities 

 

“AAp1: Iterative Architecture Approach” makes architecture design embedded 
into iterations of agile development [164]. This approach considers only necessary 
features for the current iteration or delivery of architecture design - it does not try 
to predict and address future requirements [135]. In [S10], the authors argued that 
the iterative architecture remains true to agile principles. They compared an 
iterative architecture with a top-down architecture, and found that the iterative 
architecture defers architecture design costs until features are needed. In [S17], an 
iterative architecture approach was used with Scrum (called “In-Sprints” 
architecture approach); there is no dedicated sprint for architecture design in this 
approach. In each sprint, the development team starts making architectural 
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decisions, designs, and refactors the system part by part upon incoming feature 
requests. 

“AAp2: Reference Architecture” has been frequently discussed in agile 
development. Bass et al. defined that “a reference architecture is a reference model 
mapped onto software elements (that cooperatively implement the functionality defined in 
the reference model) and the data flows between them” [126]. In [S21], the authors 
proposed an agile architecture approach, which benefits from both the quick 
feedback in the delivery of short and incremental releases and the long-term vision 
of the architecture. The approach employs a reference architecture to describe both 
the function and structure of the major release in agile development. In [S53], the 
authors found that a predefined reference architecture can reduce the up-front 
effort needed to develop an architecture, while keeping the benefit of an explicit 
architecture design. 

“AAp3: Change Impact Analysis (IA)” determines the potential effects upon a 
system resulted from a proposed change [120]. IA can be employed to predict the 
affected elements of a change before it is implemented, possibly giving an estimate 
of the effort and cost to implement the change [165], as well as the potential risks 
involved in making the change [158]. This analysis can be then used to make better 
evolution decisions such as whether or not the change should be carried out based 
on economic viability of software evolution or other risks such as degradation of 
systems [138]. In [S14], IA was used to support both product-line variability and 
software variability. The output of the IA technique provides architectural 
knowledge which is useful for reasoning about a proposed change in features and 
guiding the change decision-making process in agile development. In [S15], the 
authors proposed a modified IA approach as the main driver for agile architecting. 
The approach can promote the communication between individuals and agile 
teams working on the system, and support (semi-)automatically reasoning over 
the space of architectural knowledge. In agile development, architects can take the 
advantages of this approach to support the change decision-making process and 
preserve architecture integrity. 

“AAp4: Architecture Dependency Management” is composed of a set of 
activities, e.g., architecture dependency identification and analysis. In [S8], the 
authors argued that architectural agility can be achieved by identifying and 
analyzing architectural dependencies (e.g., between user stories and architectural 
elements), and integrating architecture dependency management into a responsive 
development model. [S51] presented an approach with two case studies for 
identifying implicit architectural dependencies in agile development using 
revision history of source code change waves. The approach provides architects an 
effective tool to evaluate the risks when implementing new features in the product 
and supporting the test planning. 

“AAp5: Real Options” is an approach used in corporate finance to assist in 
investment decisions. Real Options represent the right, but not the obligation to 
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commit to a particular business decision by a particular point in time known as the 
expiry, after which the right is no longer available [130][132]. In [S4], Real Options 
approach provides agile teams with a way to frame their up-front work (e.g., 
architecture design), and allows users to re-frame the decision making process. By 
drawing on Real Options theory, the authors developed a process that allows 
development teams to collaborate on the decision making process, and in doing so 
to realize the benefits (e.g., actively exploring new options which could not have 
been foreseen up-front) of architectural design. In [S8], Real Options analysis 
provides models (e.g., option-based model) to help stakeholders make informed 
choices which balance between various aspects, such as speed of development and 
plan of future needs. Real Options analysis also offers a way in agile release 
planning to allocate architectural elements to releases in a value perspective. 

“AAp6: ATAM” focused on identifying and surfacing architectural risks [150]. 
The goal of ATAM is to evaluate the design outcome of architectural decisions 
against system quality requirements, and help stakeholders to discover potentially 
problematic architectural decisions [159]. In [S38], the authors suggested that the 
development team can use ATAM to analyze the architecture with the quality 
scenarios in current iteration in agile development. In [S40], the authors 
emphasized that ATAM can provide guidance for analyzing architectural design 
and help stakeholders get early feedback on the risks caused by problematic 
architectural decisions in agile development. For example, early in the 
development, XP practitioners work on stories augmented by scenarios and the 
architectures they developed following the Attribute-Driven Design (ADD) 
approach. They can do ATAM right after this to track technical and business risks 
early in the process and to help prioritize stories for the next release. 

 
Table 72. Selected studies over architecting approaches practiced in agile development 

ID Architecting Approach Supported 
Architecting 
Activities 

Studies 

AAp1  Iterative Architecture Approach (considering only 
necessary features for the current iteration or 
delivery of architecture design) 

ADp [S10][S17] 
[S25][S44] 

AAp2  Reference Architecture  AE, AME, ADp, 
AU 

[S21][S34] 
[S53] 

AAp3  Change Impact Analysis AIA [S14][S15] 

AAp4  Architecture Dependency Management AIA, AME [S8][S51] 

AAp5  Real Options (assisting architecture decision 
making process) 

Not Stated [S4][S8] 

AAp6  ATAM (Architecture Tradeoff Analysis Method) AE [S38][S40] 

AAp7  Plastic Partial Component (malleable components 
that can improve the flexibility of architecture 
design) 

AA, ADp [S14][S43] 

AAp8  Iterative/Incremental Architecture Evaluation AE [S31][S41] 
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AAp9  Connecting Architecture with Code (e.g., 
embedding architectural information into code) 

ADp [S11][S30] 

AAp10  Iteration Zero Approach (introducing architecture 
design in the first iteration, e.g., in Scrum, it is 
called Sprint Zero Approach) 

Not Stated [S17][S44] 

AAp11  Agile Product-Line Architecting (including a 
Flexible-PLA (Product Line Architecture) 
modeling Framework) 

AME, ADp, AU [S14][S15] 

AAp12  Extended Iteration Zero Approach (introducing 
architectural design in the initial iterations in agile 
development). This approach is an extension of 
AAp10. 

ADp [S44] 

AAp13  Responsibility Driven Architecture (exploring the 
questions of when architectural decisions should 
be made, by what process, and by whom) 

Not Stated [S4] 

AAp14  Incremental Commitment Model (facilitating the 
architecture-agility combination by fitting the 
system situation) 

Not Stated [S5] 

AAp15  Architecture Technical Debt Management Not Stated [S8] 

AAp16  Architectural Quality Assurance Technique (a 
lightweight approach for continuous architectural 
quality assessment and prioritization)  

AE, AU [S71] 

AAp17  Architecturally-Savvy Personas (eliciting ASRs in 
agile development, e.g., using Architectural Issues 
Template) 

AA, AE, ADp, 
AU  

[S13] 

AAp18  Agile Architectural Modeling  (adapting 
architectural modeling in an agile context) 

ADp, ARu [S16] 

AAp19  Architectural Knowledge Management (e.g., using 
Architectural Knowledge Base) 

ADp [S17] 

AAp20  Decision-Centric Architecture Review AE [S17] 

AAp21  Separated Architecture Team (a team dedicated to 
make architectural decisions) 

Not Stated [S17] 

AAp22  Architecture as a Service and Architects as Service 
Providers 

ADp [S18] 

AAp23  Simplified Architecture Tradeoff Analysis Method 
(eliminating several phases and steps in classical 
ATAM, e.g., preparation) 

AE [S20] 

AAp24  One-page Component Contract (describing the 
capabilities of each component) 

ADp [S21] 

AAp25  Abstract Architecture Specification Document 
(emphasizing minimal architectural 
documentation in agile development) 

ADp [S22] 

AAp26  Lean Architecture (using Data-Context-Interaction 
paradigm with agile and lean practices) 

ADp, AI [S23] 

AAp27  Release Development based on Architecture 
(considering architecture in release activities, e.g., 
release planning) 

ADp, ARf [S24] 
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AAp28  Architectural Design Pattern ADp [S25] 

AAp29  Developer Story (similar to user story, but written 
in the developers’ perspective) 

ADp, AU, ARf [S27] 

AAp30  Architectural Game (explicating and visualizing 
architectural refactoring needs as stories) 

ADp [S27] 

AAp31  Hybrid Architecture Evaluation Method 
(combining Active Review for Intermediate 
Designs, Quality Attribute Workshop, and ATAM) 

AE [S28] 

AAp32  Lightweight Component Framework (generating 
glue code for each component to facilitate 
architectural implementation) 

AI, ADp [S30] 

AAp33  Informed Technology-Insertion Decision Making 
(architecture information is periodically provided 
to stakeholders, which helps them to make and 
document architectural decisions) 

AE, ADp [S31] 

AAp34  Enterprise-Service-Bus-Based Architecture ADp [S34] 

AAp35  Mind Map (facilitating architectural description by 
connecting business and domain models) 

ADp [S34] 

AAp36  Domain-Driven Architecture Design Technique 
(communicating the intent of code through 
domain-driven design and assessing architecture 
without necessitating large amounts of 
documentation) 

Not Stated [S36] 

AAp37  Proof-of-Concept (used for validating architecture) Not Stated [S36] 

AAp38  Active Reviews for Intermediate Designs (a 
combination of stakeholder-centric and scenario-
based architecture evaluation methods, such as 
ATAM and active design review of design 
specifications) 

AE [S38] 

AAp39  Architecture-related Tasks Visualization 
(improving development flow management in 
Lean Software Development) 

AA [S39] 

AAp40  Attribute-Driven Design AA, AS, ADp [S40] 

AAp41  CBAM (Cost-Benefit Architectural Analysis 
Method) 

AE [S40] 

AAp42  Continuous Architectural Refactoring  ARf [S50] 

AAp43  Real Architecture Qualification (a brainstorming 
session to evaluate the system qualities of a 
working system that leads to a new iteration) 

AE, ADp [S50] 

 

8.4.4 RQ3: Which agile development methods can be 
used with architecture? 

We collected ten agile methods which can be used in the architecture-agility 
combination from the selected studies, as shown in Fig. 54 with their numbers of 
studies. Some studies did not explicitly mention the agile methods used; those are 
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classified as “Not Stated” in Fig. 54. Note that one study may introduce several 
agile methods used with architecture, so the number of the agile methods used in 
the selected studies (63) is greater than 54 (the number of the selected studies). 

Scrum (22 out of 63 agile methods, 34.9%) is the most popular agile method 
used in the architecture-agility combination. This is consistent with the results 
from several recent surveys [119][166][174] that Scrum is the most popular method 
in agile development. Though XP has been dominant in agile development in the 
past [48][133][145], we found that the focus of agile methods has shifted from 
almost exclusively XP to several other agile methods (e.g., Scrum) during recent 
years as well as in the architecture-agility combination. 

XP (9 out of 63 agile methods, 14.3%) still reaches the second place in agile 
methods used in the architecture-agility combination. The rest agile methods such 
as LSD (4 out of 63 agile methods, 6.3%), and Crystal (1 out of 63 agile methods, 
1.6%) received much less attention (less than 5 studies for each method) in the 
architecture-agility combination. 

 

 

 
Fig. 54. Studies distribution over agile methods 
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8.4.5 RQ4: Which practices of agile development can be 
used with architecture? 

We collected and identified forty-one agile practices (APs) which can be used in 
the architecture-agility combination from the selected studies. Note that we only 
extract the data (i.e., data item D14: Agile practices) if a study explicitly mentioned 
the agile practices and how they were used in the architecture-agility combination. 
Table 73 presents a list of agile practices with the studies that use these practices. 
In this section we describe the six most frequently discussed agile practices used 
with architecture from the selected studies. 

“AP1: Backlog” (22 out of 54 studies, 40.7%) is the most frequently discussed 
agile practice in the architecture-agility combination. This is because many selected 
studies in this SMS used Scrum as the agile development method in their work, 
and “Backlog” is a basis element of Scrum [167][168]. We further extracted several 
types of “Backlog”, such as product backlog (e.g., [S5]), sprint backlog (e.g., [S24]), 
requirements backlog ([S18]), and architecture backlog ([S37]). In [S17], the product 
backlog was used with Architectural Knowledge Base (AKB) to create an 
architectural document, which explicitly presents the architectural design to the 
stakeholders. AKB generates an architectural evaluation report (“Sprint 
architecture evaluation report”) for each sprint, which can be reviewed during the 
sprint review meeting. The results of the review may have an impact on both the 
product backlog and sprint backlog. In [S46], the architects identified key areas in 
architecture design, which were described in UML diagrams and added to sprint 
backlog. This ensured key architectural documentation was completed, its cost 
was visible and that cost was not absorbed into the development activity. 

“AP2: Iterative and Incremental Development” (22 out of 54 studies, 40.7%) also 
lies in the first position of the agile practices used with architecture. In [S13], the 
authors followed the ADD (attribute-driven design) approach to build an 
incremental scenario-driven approach (Architecturally-Savvy Personas) for 
architecture design, which first identifies quality attribute scenarios, and then 
proposes and evaluates candidate architectural solutions in agile development 
(e.g., in sprints). In [S40], the authors revealed that an architecture created and 
documented using the ADD approach provide developers greater flexibility and 
opportunity to defer making more detailed decisions until the proper time. For 
example, the module view fits XP’s iterative development quite well. 

“AP3: Just Enough Work” (13 out of 54 studies, 24.1%) is in the third position. In 
[S8], the authors pointed out that “just enough anticipation” is required to achieve 
architectural agility, and architectural anticipation should be done in an “informed” 
way to not over-anticipate or under-anticipate architecture-related issues (e.g., 
future needs). In [S53], the authors proposed that “Just enough up-front design” is 
a solution to facilitate the architecture-agility combination, because architects only 
need to make necessary architectural design decisions up-front in agile 
development. Furthermore, “Just enough up-front design” can be practiced in 
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various ways. For example, the “iteration zero” phase can include some up-front 
architectural design, with continuous architecture refinement in the subsequent 
iterations. 

“AP4: Sprint” (12 out of 54 studies, 22.2%) used in Scrum comes in the fourth 
position. In [S71], the results of the study indicate that architectural problems or 
tasks can be included in the sprint backlog and processed in future sprints, 
through the use of the architectural Software Quality Assurance technique at the 
end of each sprint. In [S15], a Change Impact Analysis (IA) technique was applied 
to the working architecture of the previous sprint (except for the first sprint). It 
provides agile architects with the change-impact knowledge resulting from the 
changes planned for the sprint. In [S41], the authors argued that embedding 
incremental architecture evaluations into sprints can mitigate the risk of combining 
agile development and large-scale architecture-centric development. 

“AP5: Agile Architecting (11 out of 54 studies, 20.4%) is in the fifth position. In 
[S15], the authors pointed out that agile architecting should be a lightweight 
architectural decision-making process in agile development, which can be 
achieved by providing knowledge to assist architects in reasoning about changes 
(feature increment or evolution). In [S16], agile architecting (through an agile 
architecture-driven modeling process) was used to combine agile methods and 
architectural modeling. Only a little up-front architectural planning is required 
and only the artifacts which directly contribute to the current iteration are created 
in architecting. The author of [S16] argued that the agile architecture-driven 
modeling process acts as a core element in the architecture-agility combination. 

“AP6: Continuous Integration” (10 out of 54 studies, 18.5%) ranks in the sixth 
position. In [S24], the authors stated that continuous integration can be used with 
architecture through integration testing in each integration, which can validate the 
architecture iteratively. In [S45], the authors mentioned that new tests can be 
added to verify the new requirements if a change in requirements has an impact 
on the architecture. Continuous integration may facilitate this by informing the 
related stakeholders or teams when changes are made. 

In addition to these six frequently-discussed agile practices, there are some 
other agile practices that can be applied in the architecture-agility combination, 
such as “Scrum Meeting” (9 out of 54 studies, 16.7%), “Incremental Delivery” (9 
out of 54 studies, 16.7%), and “User Story” (8 out of 54 studies, 14.8%). As shown 
in Table 73, the top two agile practices “Backlog” and “Iterative and Incremental 
Development” have been much more frequently discussed than the others in the 
architecture-agility combination. 

 
Table 73. Distribution of selected studies over agile practices 

ID Agile Practice Studies No. 

AP1  Backlog [S1][S2][S3][S5][S71][S13] 
[S14][S15][S17][S18][S21] 

22 
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[S23][S24][S32][S37][S39] 
[S41][S43][S45][S46][S49] 
[S52] 

AP2  Iterative and Incremental Development [S1][S2][S3][S4][S8][S10] 
[S13][S14][S15][S16][S17] 
[S20][S24][S34][S38][S39] 
[S40][S43][S48][S49][S50] 
[S53] 

22 

AP3  Just Enough Work  [S1][S2][S8][S17][S21][S22]
[S25][S32][S43][S47][S48] 
[S53][S54] 

13 

AP4  Sprint [S5][S71][S13][S14][S15] 
[S16][S17][S24][S37][S39] 
[S41][S43] 

12 

AP5  Agile Architecting [S6][S14][S15][S16][S17] 
[S20][S25][S28][S41][S43] 
[S45] 

11 

AP6  Continuous Integration [S3][S14][S24][S26][S35] 
[S45][S48][S49][S50][S54] 

10 

AP7  Scrum Meeting / Daily Stand-up [S13][S14][S15][S20][S24] 
[S30][S32][S41][S43] 

9 

AP8  Incremental Delivery [S1][S8][S10][S21][S30] 
[S32][S39][S43][S54] 

9 

AP9  User Story [S1][S2][S13][S14][S39] 
[S40][S45][S49] 

8 

AP10  Rapid and Flexible Development [S14][S22][S28][S34][S40] 
[S45][S48] 

7 

AP11  Refactoring [S8][S10][S14][S27][S43] 
[S50] 

6 

AP12  Retrospective [S3][S14][S17][S20][S25] 
[S46] 

6 

AP13  Face-to-Face Communication [S2][S7][S40][S43] 4 

AP14  Collaborative Software Development Process (co-
located working) 

[S7][S22][S31][S50] 4 

AP15  Test-Driven Development [S3][S30][S36][S45] 4 

AP16  Quick and Early Feedback [S21][S30][S38][S41]  4 

AP17  Use Case [S21][S30][S46][S52] 4 

AP18  Metaphor [S1][S29][S50] 3 

AP19  Release Planning [S3][S8][S24] 3 

AP20  Effective Communication [S7][S20][S30] 3 

AP21  On-Site Customer [S16][S27][S40] 3 

AP22  Pair Programming [S10][S30][S50] 3 

AP23  Trust in Teams [S25][S37] 2 

AP24  Prototyping [S3][S20] 2 

AP25  Self-Organized Team (the architectural modeling 
process can be executed by a self-organized team) 

[S16][S51] 2 
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AP26  Developer Story [S27] 1 

AP27  Informal Communication [S2] 1 

AP28  Roadmap / Vision (reducing the risk of being blind-
sided by unanticipated external changes) 

[S3] 1 

AP29  Periodic Design Review [S3] 1 

AP30  Small Team (20-25) [S5] 1 

AP31  Simple Architecture [S10] 1 

AP32  Goal-Oriented Method (every increment adds value 
to the final product) 

[S16] 1 

AP33  Incremental Re-architecting [S20] 1 

AP34  End-user-focused and Value-centric System Design [S23] 1 

AP35  Poka-Yoke (a mechanism in a lean manufacturing 
process to reduce defects through careful up-front 
deliberation) 

[S23] 1 

AP36  Small Increments and Short Iteration [S38] 1 

AP37  Feature-based and High-Priority Task [S39] 1 

AP38  Eliminating Waste (i.e., overproduction, delay, and 
defect waste) 

[S39] 1 

AP39  Just-In-Time Delivery [S39] 1 

AP40  Spike Solution (a simple program to explore potential 
solutions) 

[S50] 1 

AP41  Tacit Knowledge Increasing Agility (agility in agile 
development is highly related to the tacit knowledge 
of the team members) 

[S53] 1 

 

8.4.6 RQ5: What are the costs and benefits of the 
architecture-agility combination? 

We found that most studies tend to discuss the benefits of the architecture-
agility combination instead of the costs. The detailed answers are provided in 
Section 8.4.6.1 (costs) and Section 8.4.6.2 (benefits). 

8.4.6.1 Costs 

The cost refers to the effort (e.g., time, money, and labor) of using architecture in 
agile development or employing agile methods and practices in architecture-
centric development. All the costs discussed in the selected studies are related to 
architecture (as shown in Table 74). It shows that when combining architecture and 
agile development, the effort of architecting activities as well as the use of 
associated architecting approaches (see the answer of RQ2 in Section 8.4.3) are the 
major reasons that lead to the costs. For example, some proponents of agile 
development perceive architecture as a bad investment, which may lead to BDUF, 
massive documentation, and redundancy [118]. This means that combining 
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architecture and agile development would cause some extra effort and resources 
consumption (e.g., time) of the development team. 

 
Table 74. Classification of costs of the architecture-agility combination 

ID Cost Description Studies 

C1  Architectural Design 
Cost 

Architectural design can be costly in agile 
development due to several reasons (e.g., no time for 
careful design during iterations, inappropriate use of 
metaphors in architecture design results in additional 
time and effort in e.g., communicating architecture). 

[S2][S10] 
[S25][S39]
[S44][S50] 

C2  Architecture 
Documentation Cost 

The development team needs to spend extra effort for 
architecture documentation in agile development. 

[S48] 

C3  Architectural 
Knowledge Learning 
Cost 

Learning architectural knowledge would cost time and 
effort, and slow down the development process. 

[S14] 

C4  Quality Fixing Cost 
caused by 
Unsatisfied 
Architecture Design 

The architecture design that cannot meet quality 
requirements in agile development, may lead to a cost 
overrun for fixing the quality requirements during 
software maintenance. 

[S2] 

C5  Architecture Delay 
Cost 

Large increments in lean development may lead to the 
delay cost due to waiting for the architecture 
increments to be ready. 

[S39] 

C6  Architecture-caused 
Rework Cost 

Architecting in many smaller increments may add to 
the cost of rework because it might involve 
rearchitecting. 

[S39] 

C7  Architectural 
Maintenance Cost 

Maintaining architecture within agile development 
methods can be costly because architecture adds extra 
formalism and documentation. 

[S48] 

 

8.4.6.2 Benefits 

We collected and classified the benefits of the architecture-agility combination 
into two categories: general benefits (GBs) and specific benefits (SBs). General 
benefits refer to the benefits, which are not restricted to specific architecting 
approaches (see Section 8.4.3) and agile methods (see Section 8.4.4) as well as 
supporting tools employed (see Section 8.4.9), while specific benefits are the effect 
when employing specific approaches, methods, and tools. A detailed classification 
of the architecture-agility combination benefits is presented in Table 75 (general 
benefits) and Table 76 (specific benefits) respectively, which are derived by using 
Grounded Theory from the extracted raw data as detailed in data synthesis (in 
Section 8.3.2.4). Note that one study may mention or discuss several benefits of the 
architecture-agility combination. 

8.4.6.2.1 General Benefits 

We classified general benefits into five benefit types with nineteen subtypes in 
Table 75. 



Chapter 8 

 256 

“GB1: Architecture” is the type of benefits of the architecture-agility 
combination that is most frequently discussed (by twelve studies). The 
architecture-agility combination can benefit various aspects of architecture. In 
[S31], the architecture-agility combination can facilitate a continuous evolution of 
architecture that supports evolving system capabilities. In [S37], agile development 
allows architects to work closely with both the business and technical teams, which 
helps to construct systems with good architecture. 

 “GB2: People” refers to the roles in software development who may get benefits 
through the architecture-agility combination. Note that some benefits only apply 
to specific roles (e.g., developer) and some other benefits hold for a whole group 
(e.g., development team). In [S2], the author found that agile development can 
bring the development team early in the picture of architecture. In [S38], the 
authors argued that a comprehensive evaluation of the architecture at the end of 
an iteration can make the stakeholders confident that their concerns are well-
addressed by the architecture in agile development. 

“GB3: Reduced Development Cost” denotes that the architecture-agility 
combination can reduce certain cost in development (e.g., up-front design cost). 
For example, in [S39], one of the benefits of architecting in small increments in lean 
development is the reduced delay cost without the necessity of waiting for a full-
fledged architecture to be ready. In [S10], the authors argued that an incremental 
architecture was clearly effective, which can minimize up-front design cost. 

“GB4: Project & System” refers to the benefits of the architecture-agility 
combination to project development or the system itself. In [S41], the authors 
argued that combining the agile principles and architecture may improve the 
visibility of project status. In [S38], the authors revealed that architecture work 
helped to build a “skeleton system” that supports incremental addition of features, 
and led to releases for early feedback from stakeholders. 

“GB5: Others” contains those benefits which cannot be classified into any type 
above. In [S40], the authors stated that including architecture-centric design and 
analysis methods in XP helped address quality attributes in an explicit, methodical, 
and engineering-principled way. 
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Table 75. Classification of general benefits of the architecture-agility combination 

ID Benefit type Subtype Description Studies 

GB1  Architecture Architectural 
Evolution 

The architecture-agility combination can facilitate a continuous evolution of 
architecture. 

[S8][S31] 

Architectural Design The architecture-agility combination can set architectural design right at the 
early phase of development, and help to construct systems with good 
architecture. 

[S23][S37] 

Architectural Quality Incremental architecture can provide flexibility of architecture, and agile 
architecting can assist architects to maintain integrity of architecture. 

[S10][S15] 

Architecture Decision-
Making Process 

Agile architecting can assist and guide architects in the decision-making process 
of implementing changes in each agile iteration. 

[S15] 

Architectural 
Implementation 

The architecture-agility combination follows a “just-in-time” model to develop 
architecture, and delivers features without having to complete the whole 
architecture design in advance. 

[S8] 

Architectural Analysis The architecture-agility combination can save effort in architectural analysis by 
considering only essential features needed for the current iteration. 

[S10] 

Architectural 
Documentation 

Agile development can save resources on architectural documentation activity. [S2]  

Architectural 
Refactoring 

Architectural refactoring provides a better means to help architects achieve 
system qualities incrementally than an up-front design.  

[S2] 

Architectural 
Knowledge Sharing 

Agile development can easily and quickly share architectural design decisions 
by using e.g., Wiki. 

[S2] 

GB2  People Stakeholder Evaluation of architecture in agile development can provide the stakeholders 
with confidence about the architecture. 

[S38] 

Developer Agile development methods can deliver early information to developers and 
help them make design decisions. 

[S2] 

GB3  Reduced Cost Up-front Design Cost Incremental architecture can minimize up-front architecture design cost. [S10] 

Architecture Delay Architecting in small increments reduces the delay cost, because the [S39] 
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Cost development team does not need to wait for the whole architecture to be 
completed. 

Rearchitecting Cost Architecting in large increments reduces the cost of rearchitecting in agile 
development, because rework costs are incurred due to architecture-related 
defects and overproduction waste from increments. 

[S39] 

GB4  Project & System Project Status The architecture-agility combination provides improved visibility of project 
status. 

[S41]  

Feedback to System Incremental architecture design leads to early feedbacks to the system. [S38] 

GB5  Others System Quality The architecture-agility combination can improve and address quality attributes 
of systems in a systematic way by e.g., focusing early on architectural decisions. 

[S40][S50] 

Communication Physically decentralizing architects and having them incorporate architecture 
concerns can facilitate the communication between agile teams and product 
owners. 

[S37]  

Risk Mitigation The architecture-agility combination can mitigate risks and improve risk 
management through reviewing architecture risk factors or conducting 
incremental architecture evaluations. 

[S41] 
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8.4.6.2.2 Specific Benefits 

We collected and classified specific benefits into four benefit types with twenty-
one subtypes in Table 76. “SB1: Architecture” is still the type of benefits of the 
combination that is most frequently discussed when using specific approaches, 
methods, and tools. 

“SB1: Architecture”. In [S14], Flexible-PLA Modeling Primitives are effective in 
providing architectures with flexibility and adaptability while architecting in agile 
development. In [S29], the authors argued that using metaphors to create a 
representation of the architecture in self-documenting code were helpful. In [S17], 
the approach Incorporating Systematic Architectural Knowledge Management can 
alleviate the pain of architecture work (e.g., the vaporization of architectural 
knowledge) in Scrum. In [S30], a lightweight XML-based architectural description 
approach was used to effectively capture and communicate architecture without 
any heavy modeling frontend, which is suitable for agile development. 

“SB2: People”. In [S4], Responsibility Driven Architecture is useful when there is 
a need to bridge agile development teams with a decidedly non-agile enterprise 
and relatively strict, waterfall-inspired governance processes. In [S37], architecture 
backlog provides a measurable mechanism that motivates the product owner to 
move stories from the architecture backlog to the product backlog, and handle the 
backlog in a consistent way. 

“SB3: Agile Development”. In [S43], the proposed approach PPC (Plastic Partial 
Component) can be employed to support six agile principles. For example, PPCs 
are ready to be modified during development, and can easily accommodate 
changes of features. Therefore, PPC supports the agile principle “Welcome 
changing requirements”.  

“SB4: Others”. In [S31], time-phased iterative and incremental development can 
enhance system testability through incremental architecture verification and just-
in-time architectural decision making. 
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Table 76. Classification of specific benefits of the architecture-agility combination 

ID Benefit type Subtype Description Studies 

SB1  Architecture Architectural Design The various approaches facilitate architectural design in several ways 
in agile development, e.g., providing architectural guidance, making it 
easier to make architectural changes. 

[S13][S17][S18][S21] 
[S23][S27][S29][S34] 
[S38][S43][S50][S53] 

Architectural 
Description 

The various approaches help to make architectural description explicit, 
efficient,  and simple with just enough information, which fits the agile 
context. 

[S11][S13][S17][S18] 
[S22][S23][S25][S29] 
[S30][S38][S45] 

Architecture Quality The various approaches help to assess, quantify, prioritize, 
understand, and improve architecture qualities in agile development 
(e.g., integrity, consistency, flexibility, and adaptability). 

[S71][S14][S15][S23] 
[S25][S27][S34][S36] 
[S37]  

Architecture Decision-
Making Process 

The various approaches provide agile architects knowledge and help 
them in the decision-making process, e.g., deferring detailed decision 
making until the proper time. 

[S4][S14][S15][S27] 
[S29][S30][S40] 

Architectural 
Evaluation 

The various approaches make architectural evaluation suitable in agile 
development with early feedback, e.g., lightweight and incremental 
methods. 

[S4][S11][S17][S20] 
[S38][S41] 

Architectural 
Knowledge 
Management 

The various approaches can improve architectural knowledge 
management in agile development through e.g., addressing the 
knowledge evaporation problem. 

[S17][S21][S22][S27] 

Architectural Analysis The various approaches are effective for analyzing architectural 
requirements (e.g., through piecewise analysis), aligned with agile 
practices. 

[S13][S17][S27][S40] 

Architectural 
Understanding 

The various approaches help development teams to better understand 
the architecture (e.g., how the design satisfies specific quality 
attributes) in agile development. 

[S14][S29][S37] 

Architecture 
Communication 

The various approaches can improve team communication about 
architecture in agile development. 

[S18][S29][S30] 

Architectural 
Refactoring 

The various approaches use design knowledge (e.g., architectural 
patterns) for refactoring the architecture or increase the visibility of 

[S25][S27] 
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architectural refactorings (e.g., using developer stories) in agile 
development. 

Architectural 
Implementation 

CA35 Agile Architecture helps the development teams to effectively 
implement an architecture without drifting towards continuously 
changing requirements. 

[S21] 

Architectural Effort 
Optimization 

Technical debt management and real options analysis provide the 
ability of optimizing architectural investment decisions in agile 
development. 

[S8] 

Architectural Reuse Agile Architecture-Driven Modeling approach supports reuse of 
components, patterns, and artifacts in agile development. 

[S16] 

Architectural 
Recovery 

A lightweight XML-based architectural description approach was used 
to effectively capture and communicate architecture without a heavy 
modeling frontend. 

[S30] 

SB2  People Development Team The various approaches can bridge agile teams with a non-agile 
enterprise, reduce time, effort, and improve confidence of architecture 
in agile development. 

[S4][S42][S53] 

Product Owner Architecture backlog provides a measurable mechanism that motivates 
the product owner to move stories from the architecture backlog to the 
project backlog, and handle the backlog in a consistent way. 

[S37] 

SB3  Agile 
Development 

Agile Principle The various approaches can support certain agile principles, e.g., the 
development team can get closer to customer needs during iterations 
through the use of PPCs. This facilitates the agile principle “The highest 
priority is to satisfy the customer through early and continuous delivery of 
valuable software” [127]. 

[S14][S25][S43] 

Agile Practice The various approaches can support certain agile practices, e.g., 
architectural patterns can help and encourage the project team to 
document knowledge about architecture in a brief and salient form, 
which improves agile practice “Just enough work”. 

[S25][S40][S43] 

SB4  Others System Quality The various approaches can assure or improve system qualities (e.g., [S13][S25][S31] 

                                                           
35 CA represents the name of the company CA Technologies, Inc. who developed and applied this method. 
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simplicity, consistency, and testability) in agile development. [S34][S40][S50] 

Risk System architectural description can reduce risks in agile development 
process. 

[S14][S42] 

Release Planning Real options analysis provides a way to allocate architectural elements 
to releases in a value perspective, which facilitates agile release 
planning. 

[S8] 
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8.4.7 RQ6: What are the challenges in the architecture-
agility combination? 

We collected and classified the challenges in the architecture-agility 
combination into two challenge types (Architecture and Others) with twenty 
subtypes. Table 77 presents a detailed classification and description of the 
identified challenges. 

“CH1: Architecture” refers to the challenges about architecture itself. In [S1], 
one of the challenges is that agile methods perceive architecture as planning too 
much in advance. In [S2], the authors emphasized that agile methods 
underestimate architecture design as an important activity. In [S11], the authors 
recognized that the chances are high that architecture only exists in the quickly 
fading memory of developers and forgotten architectural spikes, given that the 
agile methods highly focus on creating code over documentation. 

“CH1: Others” covers the challenges which are indirectly involved with 
architecture. In [S24], the author found through interviewing developers in a large 
company that agile methods do not generally guide architecting large-scale 
systems. Agile development in large projects and the co-existence of agile 
development and architecture in different problem classes are among the most 
burning issues from practitioners. In [S20], the authors argued that one of the 
challenges in agile development is the lack of proper architecture evaluation 
approaches suitable for agile development process. In [S4], the authors argued that 
the role of architects as well as their responsibilities is not clearly defined or simply 
ignored in agile development. 
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Table 77. Classification of challenges in the architecture-agility combination 

ID Challenge type Subtype Description Studies 

CH1  Architecture Tension: Architecture Design 
and Agile Development 

Architecture design represents a plan for the system development, 
while agile development embraces change, and pays less attention to 
plans. How much architecture design is required is a challenge in the 
architecture-agility combination. 

[S9][S16] 
[S17][S27] 
[S30][S47] 
[S52]  

Tension: Architectural 
Description and Agile 
Development 

Deciding how much effort for architectural description is needed in 
agile development is a challenge. 

[S11][S16] 
[S22][S41] 
[S45] 

Role of Architecture in Agile 
Development 

The role of architecture in agile development is not clear, and often 
overlooked. 

[S1][S4][S8] 
[S15] 

Tension: Architectural 
Evaluation and Agile 
Development 

There is a lack of proper architectural evaluation approaches suitable 
for agile development. 

[S71][S20] 
[S28][S41] 

Tension: Architectural 
Knowledge Management and 
Agile Development 

Agile teams often depend on tacit architectural knowledge, and how to 
deal with architectural knowledge vaporization in agile development is 
a challenge. 

[S11][S14] 
[S15][S21] 

Tension: Architectural 
Quality and Agile 
Development 

There is a need to balance the effort for architectural quality (e.g., 
flexibility) and agile development. For example, an excessively flexible 
architecture may result in redundant work. 

[S3][S14] 
[S39] 

Tension: Architectural 
Refactoring and Agile 
Development 

In agile development, architectural refactoring is often costly and may 
need significant rework. 

[S8][S15] 
[S39] 

Architect The role of architects in agile development is not clear, and the agile 
architects have far fewer standard practices to follow. 

[S1][S4][S47] 

Tension: Architectural Work 
and Agile Teams 

As agile development teams became self-organized, the architectural 
work became more distributed and harder to control centrally. 

[S51] 

Tension: Architectural 
Analysis and Agile 
Development 

Existing techniques for early discovery of ASRs are typically rejected 
by agile development teams as being somewhat heavy-weight. 

[S13] 

Tension: Architectural Evolving architecture while complying with the agile principles is a [S14] 
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Evolution and Agile 
Development 

challenge. 

Tension: Architectural 
Patterns and Agile 
Development 

In agile development, there is a lack of guidance on how to use 
architectural patterns. 

[S25] 

Tension: Architectural 
Delivery and Agile 
Development 

Delivering the architecture in smaller increments and shorter iterations 
is a challenge. 

[S38] 

Understanding of 
Architecture Work’s Value 

The architecture work will get low priority in the product backlog if the 
product owner is not aware of the value of architecture, and 
consequently may lead to an inferior architecture. 

[S37] 

CH2  Others Champion of the 
Architecture-Agility 
Combination 

There is a lack of a champion of the architecture-agility combination for 
many reasons (e.g., the time, motivation and effort, the merging of 
agile elements and architectural elements, the different cultures). 

[S1][S2][S4] 
[S13][S14] 
[S21][S24] 
[S25][S39] 
[S40][S42] 
[S43][S44] 
[S45][S53] 
[S54] 

Large Project An inaccurate architectural design in agile development is one of the 
major reasons that lead to the failure of large projects. Geographically 
dispersed teams working on large projects may have difficulties in 
using agile methods (e.g., metaphors) for understanding, 
communicating, and documenting architecture. 

[S5][S24] 
[S29][S42] 
[S43] 

Techniques of the 
Architecture-Agility 
Combination 

There is a lack of techniques (e.g., approaches, tools) to support the 
architecture-agility combination.  

[S71][S13] 
[S20][S28] 

Evidence of the Architecture-
Agility Combination 

There is a lack of evidence to support that the architecture-agility 
combination works. 

[S2][S24] 
[S54] 

User Story Prioritization User stories in agile development are usually prioritized without 
considering the technical aspects (e.g., interdependencies between 
them), which potentially has a negative effect on the architectural 

[S2] 
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decisions made to implement the user stories. 

System Quality There is a lack of attention on system qualities in the architecture-
agility combination.  

[S2] 
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8.4.8 RQ7: What are the factors that impact the success of 
applying the architecture-agility combination? 

We collected and classified six types of factors with twenty-nine subtypes which 
may impact the architecture-agility combination from the selected studies. Note 
that if we could not find any detailed information about a factor (e.g., how it can 
impact the architecture-agility combination), we excluded it without any further 
discussion. Table 78 presents the classification and description of these factors with 
the studies and Fig. 55 shows the top 10 factors that may impact the architecture-
agility combination. 

“F1: Project” covers the factors of the project level (e.g., project size). “F2: People” 
refers to the stakeholders (e.g., architects) with their properties (e.g., experience) 
which can impact the architecture-agility combination. “F3: Architecture” includes 
the factors about architecture. “F4: People-related” denotes the factors that are 
related to people (e.g., “Communication” is an activity between stakeholders). 
Compared with the factors of “F1: Project” and “F6: System”, the factors of “F5: 
Organization” are considered at an organization level (e.g., the culture 
characteristics of a company). “F6: System” includes the system properties (e.g., 
the size of a system). “F1: Project” (34 out of 136 studies, 25.0%) and “F2: People” 
(30 out of 136 studies, 22.1%) are the two most important factors that impact the 
architecture-agility combination. “F3: Architecture” lies in the third position (27 
out of 136 studies, 19.9%). The rest factors (“F4: Project-related”, “F5: 
Organization”, and “F6: System”) have a moderate impact on the combination. 
Note that the number of studies that discuss various factors (136) exceeds the 
number of selected studies (54), because one study may discuss several factors. 
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Table 78. Classification of factors of the architecture-agility combination 

ID Factor type Subtype Description Studies 

F1  Project Project Size Different project size can impact the architecture-agility combination (e.g., 
the amount of architectural rework is an exponential function of project size). 

[S1][S5][S15] 
[S18][S19] 
[S33][S53] 
[S54] 

Time There is not much time for designing architecture in agile development. 
Stakeholders should consider when to do architecture work and how much 
time can be spent on it (e.g., the time of architectural evaluations may be 
restricted to several hours per week). 

[S21][S25] 
[S38][S39] 
[S41][S50] 
[S51] 

Governance It refers to the management of agile projects, which includes the standard of 
architectural work (e.g., which standards should be followed in architecture 
design). 

[S1][S26][S33] 
[S44][S54] 

Criticality Criticality (e.g., lives may be lost if the system fails) can be a factor that 
impacts the architecture in agile development. For example, a project with 
critical ASRs hardly progresses in an expectation that a satisfactory 
architecture will emerge through refactoring. 

[S1][S5][S33] 
[S53][S54] 

Rate of Change Software change will impact the adoption of the architecture-agility 
combination. For example, in agile development, if the rate of requirements 
change is high, it is quite unlikely that a satisfactory architecture will emerge 
through small continuous refactoring.  

[S1][S5][S33] 
[S44][S54] 

Development Cost This factor covers various costs in the software development lifecycle, e.g., 
understanding how the architectural communication costs will be paid 
during the releases in agile development is a key to success.  

[S7][S8][S50] 

Goals Confliction Different stakeholders may have different goals (e.g., business goals, project 
goals). Goals confliction is a reason for poor documentation and neglected 
architecture design in agile development. 

[S44] 
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F2  People Team This factor covers team distribution, team dimension of scale, and team 
experience. For example, team distribution calls for more explicit 
communication and coordination of architectural decisions, and more stable 
technical and business interfaces between teams. 

[S1][S7][S16] 
[S18][S19] 
[S20][S33] 
[S38][S41] 
[S54] 

Architect This factor covers architect’s role, responsibilities, background, and 
experience. For example, when developing a large and novel system, an 
appropriate combination of experience from the maker of important 
decisions (e.g., architectural design decisions), as well as the mentor, 
prototyper, and troubleshooter of the system is needed. 

[S1][S2][S4] 
[S15][S18] 
[S37][S46] 
[S50][S53] 
[S54] 

Customer This factor contains customer requirements, participation, and collaboration. 
For example, customers’ participation may help them to choose what user 
stories or developer stories to include or exclude in each iteration in a well-
informed way, which consequently improves the decision-making on 
architecture. 

[S23][S27] 
[S33][S41] 
[S50][S54] 

Developer This factor covers developer’s attitude, behavior, etc. For example, 
developers may not care about architecture, have very few experience on 
architecture design, etc. This would cause problems in the architecture-
agility combination. 

[S27][S44] 
[S53] 

Domain Expert In agile development, domain expert engagement is valuable for designing 
architecture. 

[S23] 

F3  Architecture Architecture 
Documentation 

This factor includes several aspects of architecture documentation, such as 
how much effort should be assigned, awareness of the importance, and the 
length and complexity of architecture documentation, etc. 

[S1][S2][S7] 
[S11][S10] 
[S20][S21] 
[S22][S23] 
[S38][S44] 
[S50] 

Architectural Quality In agile development, architecture should have certain qualities (e.g., [S1][S10][S71] 
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simplicity and stability). For example, XP uses “simplicity” as the main 
guiding principle for architectural design. 

[S15][S33] 
[S50][S53] 
[S54] 

Architecture Scope Clearly defining the architecture scope is important in agile development. A 
tacit and implicit scope would cause some problems, such as architecture 
misunderstanding and erosion. 

[S1][S38][S41] 

Architecting Value 
and Cost 

The agile team should consider both the value and cost of architecting to 
decide the amount of architectural effort they should spend. 

[S1][S54] 

Architectural Defects In agile development, architectural defects (such as lack of desirable system 
qualities) may lead to a large amount of rework. 

[S39] 

Architectural 
Increment 

The batch size of architectural work in increments can impact the 
architecture-agility combination. 

[S38] 

F4  People-related Communication Agile methods highlight an incremental development paradigm, in which 
architecture design is under a communicative development process. 
Communication (e.g., communicating architecture) can impact the whole 
agile development process.  

[S2][S7][S17] 
[S18][S20] 
[S23][S25] 
[S26][S27] 
[S29][S31] 
[S37][S42] 
[S46][S50]  

Coordination/Collabo
ration 

One key aspect of agile development is the coordination and collaboration 
within the agile team (e.g., between architects and product owners). 

[S7][S37][S48]  

Learning  Learning new architectural concepts could slow down the agile development 
process.  

[S14] 

Support from 
Stakeholders 

Lack of support from surrounding stakeholders is a contextual factor in the 
architecture-agility combination.  

[S33] 

Expertise Expertise can be used to combine architecture and agile practice to avoid [S3] 
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disruptions in velocity, e.g., release planning with architectural 
considerations. 

F5  Organization Business This factor covers business domain and business model, etc. For example, 
web-based systems, embedded systems, and mobile APPs can be very 
different when applying the architecture-agility combination in their 
development. 

[S1][S33][S41] 
[S47][S53] 
[S54] 

Organization Culture The architecture-agility combination would be very difficult to perform if an 
organization is not experienced with agile development.  

[S1][S17][S33] 
[S41][S47] 

Technical 
Environment 

Having a development infrastructure (e.g., automated tests, nightly builds) 
to support the development teams, is an important factor for the 
combination (e.g., meeting architectural requirements in agile development). 

[S33][S41] 
[S47][S54] 

Organization Maturity This factor covers the development history of the organization, the maturity 
of the development processes employed, and the scale of the organization, 
etc. 

[S33] 

F6  System System Quality This factor contains system complexity, platform portability, etc. A safety-
critical system with high security and real-time constraints may impact the 
way that architecture and agility are combined. 

[S3][S13][S33] 
[S40][S41] 
[S50][S54] 

Legacy System Legacy systems can influence an architectural effort’s impact in agile 
development (e.g., intractable legacy systems can destroy an architecture 
program).  

[S47] 
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Fig. 55. Studies distribution over the subtype factors that impact the architecture-agility combination 

(top 10) 

 

8.4.9 RQ8: What tools are available to support the 
architecture-agility combination? 

We collected seven tools that can be used to support the architecture-agility 
combination in the selected studies, as listed in Table 79. Only 24.1% studies (13 
out of 54 studies, and one study may use several tools) use tools, which shows that 
tools are not widely used to support the combination. These tools are all generic 
tools that can be used for a variety of purposes. We have not found any dedicated 
tools that are specifically built for the purposes of supporting the architecture-
agility combination. 

“T1: Board” and “T2: Wiki” are each reported in 4 out of 54 studies (7.4%). The 
concept of board is independent of the actual formats, e.g., electronic or traditional 
blackboard. In this SMS, we define all of them as “Board”. In [S2], whiteboards 
were used to share and explain architectural design decisions during agile 
development, while the architecture design with design decisions was kept on the 
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board until it was implemented. In [S2], agile teams also used Wiki to record and 
share architectural design decisions. 

“T3: Spreadsheet” (2 out of 54 studies, 3.7%) and “T4: XML File” (2 out of 54 
studies, 3.7%) lie in the third position. In [S4], spreadsheet was used to map 
architectural concerns to development phases, in order to adjust the generic, 
waterfall-inspired milestones to fit the agile process. The mapping acts as a 
roadmap to make clear to stakeholders when they should expect to engage with 
the development team. In [S30], XML files were used to describe architecture in 
components and interfaces, and the architecture descriptions in XML were used 
for “on-demand” generation (automatic extraction) of architectural views in agile 
development. 

Note that we did not list all the tools discussed or used in the selected studies as 
supporting tools for the architecture-agility combination, because some tools 
provided no information on how exactly they were used to support the 
combination. Such tools include SoMox [S16], AEvol [S16], MagicDraw [S21], 
Office Word [S21], Software Configuration Management System [S30], Mind 
Mapping Tool [S34], Flexible-PLA [S43], CruiseControl [S45], and Apache ANT 
[S45]. 

 
Table 79. Classification of supporting tools for the architecture-agility combination 

ID Tool Description Studies 

T1  Board It was used to record and communicate architectural 
information (e.g., design and design decisions) in agile 
development. 

[S2][S27] 
[S39][S40] 

T2  Wiki It was used to document and share architectural 
information (e.g., architecture design decisions) in agile 
development. 

[S2][S46] 
[S48][S52] 

T3  Spreadsheet It was used to record architectural information in agile 
development, for example, mapping architectural 
concerns to development phases in order to fit the agile 
process. 

[S4][S71] 

T4  XML File It was used to record architectural information in agile 
development.  

[S30][S45] 

T5  Abstract 
Specification 
Tool 

It was used to help architects in organizing relevant 
information regarding architecture while creating design 
and architecture blueprints in agile development. 

[S22] 

T6  Flip Chart It was used to record certain architectural information 
(e.g., design problems) in agile development.  

[S27] 

T7  Reputation 
System 

It was used to improve architecture documentation in 
agile development, through continuously analyzing the 
contributions (i.e., writing good documentation) and 
publishing the reputation scores of developers. 

[S44] 
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8.4.10 RQ9: What are the lessons learned from the 
architecture-agility combination? 

We classified the lessons learned from the architecture-agility combination into 
three types with twenty-five subtypes, as presented in Table 80. “LL1: Architecture” 
denotes the lessons learned related to architecture in the architecture-agility 
combination. “LL2: People” refers to the lessons learned concerning various roles 
in agile development (e.g., architects). “LL3: Others” covers the lessons learned 
which cannot be classified into the aforementioned types. 
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Table 80. Classification of lessons learned of the architecture-agility combination 

ID Type of lessons 
learned 

Subtype Description Studies 

LL1  Architecture Architecture Design Two representative lessons learned: (1) it is better to focus on architecture 
design early enough (in early iterations); (2) stakeholders should decide when 
to freeze the architecture in order to provide architecture stability for 
developers to finish a product release, and be aware of the amount of technical 
debt accumulated. 

[S1][S2][S6][S8]
[S10][S15][S21] 
[S24][S32][S34] 
[S35][S37][S39] 
[S41][S42][S43] 
[S44][S46][S48] 
[S52][S53][S54] 

Architectural 
Description 

Two representative lessons learned: (1) healthy agile projects welcome the 
iterative delivery of documentation (e.g., architecture documentation with the 
working software); (2) agile architectural modeling is better conducted in an 
incremental, customer-involved process, which may lower the modeling 
overhead. 

[S1][S16][S18] 
[S29][S37][S42] 
[S43][S45][S46] 
[S48][S52] 

Architecture Quality Stakeholders should keep architecture simple, vital, transparent, and flexible.  [S5][S10][S21] 
[S48][S52]  

Architectural Design 
Decision 

Architecturally significant decisions should be made early and mainly before 
implementation, and these decisions should be explicitly documented during 
agile development. 

[S1][S6][S24] 
[S41][S49] 

Architectural 
Evaluation 

In agile development, it is better to (1) review architecture documentation as it 
emerges from each sprint, and (2) evaluate architecture by an external team. 

[S37][S38][S41] 

Architectural 
Refactoring 

Architectural refactoring is frequently used in agile development to construct 
architecture incrementally. 

[S10][S24][S39] 

Architectural Analysis Architecture-agility combination enables agile teams to focus on both functional 
and non-functional requirements, and capturing ASRs as acceptance test cases 
can improve the visibility of ASRs. 

[S1][S39] 

Architectural 
Knowledge 
Management 

In agile development, it is better to (1) keep code as the first-class citizen and 
then get as much architecture information as possible under this premise, and 
(2) always reflect up-to-date architectural information. 

[S11][S17]  
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Architectural 
Maintenance 

In agile development, a uniform understanding of the existing architecture is 
required for making and implementing consistent architectural changes. 

[S27]  

Architectural 
Understanding 

In agile development, stakeholders should not assume a tacit, implicit 
architectural understanding, and they should understand the interdependencies 
between architectural issues and user functionality to connect them over 
iterations.  

[S1]  

Architectural 
Implementation 

In agile development, keeping the architecture documents consistent with 
the implementation is fundamental to dealing with complex systems with 
changing requirements. 

[S34]  

Architectural Issues 
Tracking 

In agile development, it is important to track unresolved architectural issues in 
both the backlog and the risks. 

[S1] 

Architectural Pattern In XP, architectural patterns are most useful when developers are familiar with 
them and use them in a disciplined way. 

[S25] 

Architecture-Centric 
Development 

Guidelines for combining architecture-centric development and agile 
development: (1) develop architecture in a lightweight way; (2) keep the 
architecture flexible to change; (3) use test-driven architectural design at the 
interface level; (4) module users instead of module providers write tests. 

[S45] 

Semantics of 
Architecture Concept  

The concept of architecture often has fuzzy boundaries for various stakeholders. 
An agreement on the definition of architecture is a prerequisite for using 
architecture in agile development. 

[S1] 

LL2  People Architect Three representative lessons learned: (1) clearly define architect’s role and 
responsibility in agile development; (2) do not let architects lock themselves in 
an ivory tower, and architects should be part of the development group; (3) 
agile architects must be educated so that even the most intractable techie will at 

[S1][S4][S9] 
[S18][S24][S37] 
[S46][S47][S48] 
[S53] 
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least be understood, even if the techie do not agree with the architectural 
decisions. 

Development Team Two representative lessons learned: (1) the development team needs to be 
involved in the communication and decision process, and constant merging 
through Continuous Integration reduces the complexity and risk considerably; 
(2) the development team should keep stakeholders’ concerns and any other 
rationale information they capture in a format they can include in the 
architecture documentation – usually on a public whiteboard. 

[S18][S26][S38] 
[S40][S47][S53] 

Developer In agile development, developers are equally important as other stakeholders, 
and they should consider architecture relevant to their day-to-day activities. 
They should collaborate with architects early and often, and continuously share 
ideas.  

[S1][S4]  

Stakeholder Stakeholders should consider the potential impact on architecture when 
introducing agile methods in their organizations. It is also important to have an 
“architecture representative” counterpart who is responsible for the system 
qualities to keep a balance between the functional and non-functional 
requirements.  

[S2][S8] 

LL3  Others Approach of the 
architecture-agility 
combination 

Two representative lessons learned: (1) it is necessary to consider the potential 
value clash the development teams may perceive, when combining architecture 
and agile approaches; (2) the approaches that support the combination should 
be lightweight. 

[S1][S4][S8] 
[S21][S23][S24] 
[S35][S37][S39] 
[S46][S49] 

Large Project Two representative lessons learned: (1) agile methods should fit the specific 
context of the development of large and complicated projects, which require 
significant architectural effort; (2) architecture-centric methods can add value to 
agile development by adapting agile methods using a hybrid approach to 
handle large and complex systems. 

[S1][S24][S40] 

System Quality Three representative lessons learned: (1) stakeholders may better manage the 
cost (e.g., rework cost) of the project by monitoring the system qualities through 
the architecture (e.g., represented in technical debt or rework-related defects); 
(2) a shared architectural vision helps to ensure integrity and improves the 
software’s inner quality; (3) architecture-centric methods can facilitate agile 
development by emphasizing system qualities. 

[S39][S40][S48] 
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Coordination For every problem not handled by the architecture, a process coordination 
mechanism needs to be put in place to allow teams to release the system. 
Stakeholders should use architecture as a mechanism for coordination, and 
through close coordination, architects achieve the confidence of the developers 
that they can effectively support them. 

[S7][S18] 

Communication Communication in the architecture-agility combination should be direct and 
stimulated all the time during the project. It requires management attention to 
convince everybody that communication of architectural issues is important 
and intended. 

[S18] 

Metaphor A good metaphor may: (1) represent a single perspective; (2) deal with only one 
type of structure; (3) provide clear guidance concerning design decisions; (4) 
shed light on system properties. 

[S29] 
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8.5 Discussion 
The selected studies were published in thirty-one venues, which indicates that 

the architecture-agility combination has been a widespread concern in the software 
engineering community covering a large part of the lifecycle. The number of 
studies has been increasing over the last thirteen years with an exceptional peak in 
2010. IEEE Software (10 out of 54 studies, 18.5%), a popular magazine for software 
practitioners, tops the list of the publication venues of selected studies (see Table 
69), which shows that this topic is interesting and a major concern for practitioners. 
The data shown in Fig. 51 also supports this in that 52% (28 out of 54) of the 
selected studies have at least one author from industry. 

The results of this SMS demonstrate that a significant difference exists in the 
proportion of architecting activities (Fig. 52), agile methods (Fig. 54), and agile 
practices (Table 73) that can be employed in the architecture-agility combination: 
some have been sufficiently investigated while others not at all. For example, 
“Test-Driven Development” and “Pair Programming” are frequently employed 
agile practices in agile development [147][169], however, these agile practices did 
not receive much attention in the combination. 

In this section, we further discuss the study results for the various research 
questions, except for the challenges (RQ6) and lessons learned (RQ9) of the 
combination, which are discussed afterwards in the context of implications for 
researchers and practitioners. 

8.5.1 Analysis and synthesis of results 
Architecting activities: Most research effort has been put on architectural 

description (29 out of 54 studies, 53.7%) in the architecture-agility combination. 
This is not a surprising result. Architecture has to be described to a certain extent if 
stakeholders want to use it in agile development; as Kruchten suggested “if an 
architecture is not written, it does not exist” [152]. Other architecting activities 
received quite limited attention in the architecture-agility combination, e.g., 
architectural analysis was only used in six (11.1%) selected studies (see Fig. 52). 
One reason may be that some architecting activities (e.g., architectural impact 
analysis) require significant effort and time, which is not suitable for the context of 
agile development. 

Architecting approaches: We collected and identified forty-three architecting 
approaches used in agile development (see Table 72) from the selected studies. 
These architecting approaches can be used with agile practices such as “Iterative 
and Incremental Development”, “Just Enough Work”, and “Continuous 
Integration”. However, none of the approaches has been widely used in the 
combination, for example “Iterative Architecture Approach”, which tops the list, 
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has only been used in four selected studies. The reasons are the following: (1) the 
forty-three architecting approaches are dedicated to support ten architecting 
activities in the combination (see Fig. 53 and Table 72). For example, Abstract 
Architecture Specification Document [S22] is used to support ADp; (2) different 
approaches used to support the same architecting activity have different focuses. 
For example, Plastic Partial Component [S14][S43] and Architectural Design 
Pattern [S25] are used to specify different elements (i.e., component vs. pattern) in 
ADp; (3) different contexts of the architecture-agility combination require 
approaches that specifically match the context. For example, Agile Product-Line 
Architecting [S14][S15] is proposed and used for product-line development. 

Agile methods: Scrum and XP are the most popular agile methods used in the 
architecture-agility combination (see Fig. 54). This is not surprising, because 
several recent surveys on agile development have confirmed the same result (e.g., 
[119][166][174]), which partially contributes to the popularity of agile methods 
employed in the combination. Other agile methods like LSD, FDD, and TDD 
received much less attention in the combination. 

Agile practices: We collected and identified forty-one agile practices (in Table 
73) from the selected studies. However, only a few of them have been widely 
discussed (such as “Backlog”, “Iterative and Incremental Development”, “Sprint”, 
“Continuous Integration”, and “Just Enough Architectural Work”). One reason is 
that these agile practices (e.g., “Iterative and Incremental Development”) are the 
common characteristics employed by various agile development methods 
[118][131][137]. Another reason is that some agile practices are highly linked to 
specific agile methods (e.g., “AP35: Poka-Yoke” is used in the lean manufacturing 
process with only one study). How to apply other popular agile practices (e.g., 
“User Story” and “Refactoring”) in the architecture-agility combination can be an 
interesting research direction. Another issue is that the employment of agile 
practices in the architecture-agility combination is heavily based on personal 
experience and knowledge; there is a lack of guidance on how to use these 
practices in the combination. In this SMS, some examples are provided that use the 
most frequently discussed agile practices from the selected studies. However, this 
area is far from mature. 

Costs: We identified seven types of costs (in Table 74) in the architecture-agility 
combination, all of them being related to architecture, which indicates that 
architecture-related costs (e.g., caused by architecting activities and approaches) 
are the major source of the extra effort in the architecture-agility combination. 
Since “pure” agile development does not involve such costs, this is a major 
concern for using architecture in an agile development team.   

Benefits: In this SMS, nineteen general benefits and twenty-one specific benefits, 
which are attached to specific approaches, methods, and tools, were collected and 
identified. Benefits may not come for free, and can lead to certain costs in the 
architecture-agility combination. For example, in [S2], the author found that agile 
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development could save effort on architectural documentation activity (the 
benefit), however, it may result in “Architectural Knowledge Learning Cost” and 
“Architectural Maintenance Cost” (see Table 74). 

Factors: Six types of factors with twenty-nine subtypes (see Table 78), which can 
impact the architecture-agility combination were collected and classified. However, 
these factors are not of same importance or priority for consideration in 
development. This leads to the question about which factors should be considered 
first and paid more attention. The top ten factors shown in Fig. 55 are the most 
frequently-mentioned factors to the success of applying the combination, which 
can be considered with a high priority. Other questions, such as how these factors 
impact the combination and what solutions can be considered when dealing with a 
specific factor (e.g., project size) in the combination, are also important. 

Tools are important to facilitate the architecture-agility combination. However, 
there are only seven general tools (e.g., Wiki) that can be used to support the 
combination (see Table 79). There are no existing tools built on purpose to support 
the architecture-agility combination. 

8.5.2 Comparison of architecting in agile and non-agile 
development 

In this section, we compare and discuss architecting in agile and non-agile 
development (in Table 81). By doing so we can better understand what are the 
differences when architecting in agile development compared to non-agile, based 
on the results of this SMS. We analyze and discuss three major architecting 
activities (architectural analysis, evaluation, and description) as well as their 
related approaches. The other eight architecting activities (in Section 8.2.1) are not 
compared and discussed in this section because these architecting activities are 
rarely discussed in the architecture-agility combination, so we have very sparse 
data for the comparison. Each of the three analyzed architecting activities is 
discussed along a number of dimensions.  
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Table 81. Comparison of architecting in agile and non-agile development 

Architecting 
activity 

Dimension Agile development Non-agile development 

Architectural 
Analysis (AA) 

Basis AA in agile development is user story based (e.g., 
Architecture-related Tasks Visualization [S39]), 
because user stories are short and simple with one 
specific need, which is suitable for conducting AA in 
an agile context. One template of user story is: “As a 
<user role> I want <goal> so that <business value>”. 

AA in non-agile development is scenario-based 
(e.g. ADD) [2][109][125]. For example, a quality 
attribute scenario contains source of stimulus, 
stimulus, environment, artifact, response, and 
response measure [2]. This requires collecting and 
recording more elaborate information than user 
stories.  

Customer 
participation 

AA in agile development encourages customer 
participation, thus this activity is about keeping 
customers close-by (e.g., [S2]).  

There is no emphasis on participation of the 
customer but a general involvement of different 
types of stakeholders.  

Process AA in agile development is iteratively and 
incrementally conducted (e.g., ADD [S40]).  

The emphasis is on the intertwinement between 
requirements engineering and architecting (i.e., 
Architectural Analysis and Synthesis), also known 
as the Twin Peaks [160].  

Focus AA in agile development pays more attention to 
functional requirements than non-functional 
requirements (e.g., [S43]).  

AA in non-agile development also pays attention 
to functional requirements but is largely driven by 
non-functional requirements [109].  

Architectural 
Evaluation (AE) 

Process AE in agile development is iteratively and 
incrementally performed similarly to AA (e.g., 
Iterative/Incremental Architecture Evaluation 
[S31]). 

AE in non-agile development can be performed in 
different phases such as with the final version of 
the SA (e.g., Software Architecture Analysis 
Method [140]), or through an iterative process 
(e.g., ATAM [140]), or with initial design (e.g., 
Active Reviews for Intermediate Design [124]). 

Goal The goal of AE in agile development concerns 
assessing architectural decisions (e.g., [S40]), 
identifying architectural risks, and finding solutions 
to these risks (e.g., [S41]). 

The goal of AE in non-agile development contains 
system qualities assessment through quality 
scenarios, maintenance cost prediction, identifying 
architectural risks, tradeoffs, and the boundaries 
of the system [124].  
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Approach Most AE approaches used in agile development are 
based on adapting resource-intensive methods in a 
simple and lightweight way (e.g., Hybrid 
Architecture Evaluation Method [S28] and 
Simplified ATAM [S20]). 

The AE approaches used in non-agile 
development are mostly scenario-based (e.g., 
Architecture Tradeoff Analysis Method [124][140], 
Scenario-based Architecture Analysis Method 
[124][140], and Architecture Level Prediction of 
Software Maintenance [124][140]).  

Architectural 
Description (ADp) 

Role There are several specific roles related to ADp in 
agile development. For example, “Architecture 
Representative”, who is responsible for architectural 
information (e.g., elaborating architectural tasks 
from system quality requirements in a backlog) 
[S18].  

There are different types of architects, depending 
on the domain and context, such as system 
architect, enterprise architect, solution architect, 
data architect etc. All these types can potentially 
perform ADp. 

Architecture 
viewpoints and 
process 

Architecture viewpoints are rarely used to describe 
architecture in agile development (5 out of 54, 9.3%). 
ADp in agile development is iteratively and 
incrementally conducted (e.g., Release Development 
based on Architecture [S24]). ADp in agile 
development emphasizes lightweight, quickly 
producing, machine-readable, simple, and flexible 
(e.g., [S21]). 

Architecture viewpoints have been introduced as a 
standard practice for ADp in general (including 
non-agile) software development [1][26]. In non-
agile approaches ADp is primarily performed 
based on architecture frameworks (e.g., TOGAF 
[149]), which are composed of a set of architecture 
viewpoints.  

Backlog Backlog is an important element of ADp in agile 
development. In [S17], the product backlog was used 
with an Architectural Knowledge Base to create an 
architectural document, which explicitly presents 
the architectural design to the stakeholders. 

Backlog is used in non-agile development to 
record the outputs of various architecting activities 
for incremental architectural design [109]. Recently 
it has been suggested that backlog should also be 
used to record technical debt items [153]. 

ADp and system 
implementation 

In agile development, it is recommended to make 
architecture tangible for architects and developers 
by linking ADp to the source code through e.g., 
embedding architectural information into source 
code comments ([S11]). 

There are approaches that link architecture 
artifacts to the implementation through an 
implementation viewpoint [26][151]. However, 
lack of traceability between architecture 
documents and code is reported often as a 
problem [156]. 

Effort The effort of ADp in agile development is kept at a 
minimum through several ways: (1) avoiding 

ADp in non-agile development is often reported to 
produce redundant SA documentation [176], 
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redundant information (e.g., [S2]) and focusing on 
the required information (e.g., [S22]), (2) producing 
individual short documents (e.g., [S49]), (3) using 
architecture document templates (e.g., [S25]), and (4) 
minimizing up-front ADp (e.g., [S52]). 

which is often not up-to-date and lacks utility [91]. 

Architectural 
description 
language 

ADp in agile development uses mostly natural 
language and XML (e.g., [S30]).  

The predominant architectural description 
language used for ADp in non-agile development 
is UML [155].  

Tool The most frequently used tools for ADp in agile 
development are board (e.g., [S40]) and wiki (e.g., 
[S48]). 

There are various tools that support ADp in non-
agile development (see [89][170] for an overview). 
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8.5.3 Implications for researchers 
(1) Not all the architecting activities are suitable for the architecture-agility 

combination. Researchers need to explore the benefits, costs, and other factors 
when proposing the introduction of architecting activities into the architecture-
agility combination. 

(2) As shown in Fig. 52 and Fig. 53, no selected studies employed architectural 
recovery (AR) in agile development, while there is no specific architecting 
approaches identified in this SMS that support AR in agile development. One 
possible reason is that most AR approaches are performed manually, and thus 
may be too expensive to use in an agile context. We suggest that researchers 
explore the feasibility of applying AR with (semi-)automated and lightweight 
approaches in agile development.   

(3) There is a lack of guidance of using agile practices with architecture. There is a 
need for researchers to further conduct more research to provide such 
guidelines. 

(4) Architecture-related costs are a major concern for using architecture in agile 
development. How to alleviate such costs (see Table 74) needs further 
investigation. We also encourage researchers to identify more costs (including 
the architecture-related costs as well as other types of costs) in the architecture-
agility combination. 

(5) The benefits of the architecture-agility combination are heavily based on the 
context of projects. We suggest that researchers may clarify the context by 
further exploring the factors that have impact on the benefits of the 
combination.  

(6) The challenges of the architecture-agility combination (in Table 77) collected 
and identified in this SMS are potential future directions for researchers. For 
example, how to use the architecture-agility combination to support the 
development of large and distributed projects.  

(7) There is a lack of guidance of using the factors (in Table 78) to facilitate the 
architecture-agility combination. Researchers may further classify these factors 
into sub-factors which are more precise and easier to consider in development, 
and develop the guidance of using these factors in the combination. For 
example, considering the “Communication” factor, which stakeholders should 
be involved in what kind of communication in development that may facilitate 
the combination? 

(8) There is a lack of dedicated tools that support the architecture-agility 
combination. We encourage researchers to come up with such prototype tools, 
especially in collaboration with industry partners who apply the combination 
in their projects. 

(9) The lessons learned collected in this SMS are mostly based on the personal 
experience and knowledge from the authors of the selected studies; we cannot 
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claim that they are generalizable to other contexts. This calls for consolidated 
evaluation of the lessons learned, in order to convert “lessons learned” into 
“best practices”. 

(10) We found that most studies either emphasize that the architecture-agility 
combination is successfully applied or do not mention the result at all. We 
invite researchers to report on failures in addition to success stories: failures 
could help identify the problems and weaknesses of existing work, and 
consequently improve the processes, approaches, and tools that support the 
architecture-agility combination. 

8.5.4 Implications for practitioners 
(1) According to the results of this SMS, only architectural description (ADp) has 

been discussed in more than 50% selected studies. Therefore, in a statistical 
sense, it is more reliable for practitioners to use ADp and associated 
approaches in their agile projects than other architecting activities and 
approaches (e.g., AS, ARu). However, how much architectural description is 
enough and appropriate in agile development is largely dependent on the 
factors identified in this SMS (see Section 8.4.8). 

(2) There are forty-three architecting approaches identified in this SMS (see Table 
72), which are used to support most of the architecting activities (see Fig. 53). 
We suggest that practitioners choose suitable architecting approaches 
according to the architecting activities used in their agile projects. For example, 
architectural evaluation can be introduced in an agile project by selecting an 
appropriate architecting approach listed in Table 72.  

(3) We suggest that practitioners report equally on both the benefits and costs of 
the architecture-agility combination. The cost-benefit ratio should be explicit in 
a project in order to decide how much of the architecture-agility combination 
can be used. We also advise that practitioners reflect critically on the benefits 
of the architecture-agility combination, especially with respect to the specific 
context of their project.  

(4) The challenges of the architecture-agility combination collected and identified 
in this SMS can be considered as a checklist for practitioners. For example, if 
practitioners want to introduce ADp into agile development, they need to 
check against the related challenges, e.g., how much architecture and what 
architectural information should be described and documented in the projects. 

(5) The factors identified in this SMS (see Table 78) play a significant role in the 
architecture-agility combination. We hope to make practitioners aware of the 
importance of the various factors as they may determine the success of their 
projects.  

(6) As aforementioned in the implications for researchers, there is a lack of 
dedicated tools that support the architecture-agility combination. Practitioners 
can use general tools (e.g., Excel, Wiki) in their projects, which provide certain 
level of support to the combination. However, practitioners can also 
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collaborate with researchers to make explicit their needs and requirements for 
dedicated tools. 

8.6 Threats to validity 
Study search: There may be relevant studies that were not retrieved, which may 

affect the results of this SMS. To mitigate this threat, we searched the most popular 
electronic databases on software engineering and finally acquired 54 studies. In 
addition, before the formal search, we performed a trial search to improve the 
correctness and completeness of the search results. With these measures, the 
probability of missing relevant studies has been reduced. 

Study selection largely depends on personal knowledge and experience of the 
researchers who conducted this study, which might introduce bias to the selection 
results. We used the following strategies to mitigate this bias. 

(1)  A set of inclusion and exclusion criteria for study selection were provided 
as a basis of an objective selection process.  

(2)  Considering the possible different interpretation and understanding of 
selection criteria by the researchers, a pilot selection was conducted before 
the formal selection to guarantee that the researchers reached a clear and 
consistent understanding of the selection criteria.  

(3) Two researchers conducted the study selection independently in the second 
and third round of selection, and discussed and resolved any conflicts 
between their results, in order to mitigate personal bias in study selection. 

Data extraction results might be negatively affected due to the bias of 
researchers who extract the data. Bias on data extraction may result in inaccuracy 
of the extracted data items, and further affect the results of data synthesis (the next 
step). This bias was mitigated with four measures: 

(1)  A list of extracted data items (in Table 68) was specified in detail to reduce 
possible misunderstandings on the data items to be extracted.  

(2)  Discussions on extracted data items among the researchers throughout the 
whole data extraction process were used to improve the consistency and 
correctness of data extraction results.  

(3)  A pilot data extraction was performed before the formal data extraction by 
two researchers to mitigate personal bias on data extraction.  

(4)  The results of the data extraction were also checked by two researchers and 
confirmed by the third researcher to reduce personal bias. 

Data synthesis might be negatively affected in two aspects. One is bias on data 
synthesis: researchers may have different understanding on the extracted data, for 
example, a benefit of the architecture-agility combination was classified into the 
type “People” by one researcher, but was classified into the type “Architecture” by 
another researcher. This bias was mitigated through continuous discussions 
among the researchers. The second aspect is lack of information on the extracted 
data. For example, the author of [S16] mentioned that SoMox was used as a tool in 
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the architecture-agility combination, without any further information about the 
tool (e.g., how this tool was used in the combination). If we could not find any 
detailed information on the extracted data, we excluded them in data synthesis.  

8.7 Conclusions 
In this SMS, we searched the papers in seven electronic databases published 

between Feb. 2001 and Jan. 2014. Based on the data extracted from fifty-four 
selected studies, this SMS provides a comprehensive overview of the state of the 
research on the architecture-agility combination. The main points of the study are 
as follows: 
(1) The research on the architecture-agility combination received significant 

attention according to the number of the selected studies over time period (see 
Fig. 50). This tendency shows that an increasing effort has been made in this 
area, especially in the last three years. Most selected studies (44 out of 54, 
81.5%) are evidenced by industrial projects, surveys, or experience (see Table 
71). 

(2) Eleven architecting activities were collected in this SMS. However, these 
architecting activities received significantly different levels of attention (see Fig. 
52). Architectural Description is the most frequently discussed activity in the 
architecture-agility combination. In contrast, the activities Architectural 
Refactoring, Architectural Impact Analysis, Architectural Implementation, 
Architectural Synthesis, and Architectural Reuse received much less attention 
in the combination. Architectural Recovery has never been used in the 
combination in the selected studies. 

(3) Forty-three architecting approaches employed in the architecture-agility 
combination were identified from the selected studies. However, none of them 
has been widely used (see Table 72). For example, the most frequently used 
architecting approach “Iterative Architecture Approach” was only discussed 
in four studies. Most of the approaches (32 out of 43, 74.4%) were only used in 
one study (see Table 72). 

(4) Ten agile methods were collected in this SMS (see Fig. 54). Scrum and XP have 
received much more attention than other agile methods (e.g., Crystal and Test-
Driven Development) in the architecture-agility combination. 

(5) Forty-one agile practices used in the architecture-agility combination were 
collected and identified in this SMS (see Table 73). However, only several agile 
practices have been widely discussed (e.g., “Backlog”, “Iterative and 
Incremental Development”, “Sprint”, “Continuous Integration”, and “Just 
Enough Architectural Work”). 

(6) Seven types of costs in the architecture-agility combination were collected and 
classified from the selected studies (see Table 74). We did not acquire much 
data (description or discussion) about the costs of the architecture-agility 
combination, because most studies tend to present the benefits of the 
combination instead of the costs.  
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(7) The benefits of the architecture-agility combination are classified into two 
categories - general and specific benefits, and each of the categories has been 
further classified into types and subtypes. Five types (Architecture, People, 
Reduced Cost, People & System, and Others) with nineteen subtypes were 
identified for the general benefits (see Table 75), and four types (Architecture, 
People, Agile Development, and Others) with twenty-one subtypes were 
classified for the specific benefits.  

(8) Challenges of the architecture-agility combination are grouped into two types 
(Architecture and Others) with twenty subtypes (see Table 77). Most of the 
challenges are directly related to architecture (e.g., “Tension between 
Architecture Design and Agile Development”). Several other challenges are 
also important, for example, “Champion of the Architecture-Agility 
Combination” is the most important challenge in the combination, which was 
mentioned in almost one third of the selected studies (16 out of 54, 29.6%).  

(9) Six types (Project, People, Architecture, People-related, Organization, and 
System) with twenty-nine subtype factors that may impact the success of 
applying architecture-agility combination were collected and classified in this 
SMS (see Table 78). “Communication” between all the stakeholders (e.g., 
architects, the development team, and customers) is the most important factor 
(see Fig. 55) to the success of the architecture-agility combination. 

(10) Most selected studies either emphasized that the architecture-agility 
combination was successful or did not mention the combination result. 
Therefore, we did not collect much data (description or discussion) about 
failure stories of the combination. This is in line with the result of point (7) 
about the lack of cost data. 

(11) Seven tools that support the architecture-agility combination were collected 
from the selected studies (see Table 79). However, none of them is dedicated to 
supporting the architecture-agility combination, which means all the seven 
tools are borrowed from other fields of software development (e.g., Wiki is 
from agile development).  

(12) The lessons learned from the architecture-agility combination have been 
classified into three types (Architecture, People, and Others) with twenty-five 
subtypes (see Table 80). “Architecture Design” (one subtype of lessons learned) 
received much more attention (22 out of 54 studies, 40.7%) than the other types 
of lessons learned (e.g., “Architectural Maintenance”, “Developer”, and 
“System Quality”). 

To conclude, this SMS provides input on how to reduce the effort required in 
architectural assumption management by employing agile practices. For example, 
we learned which challenges should be dealt with, and what agile practices can be 
used when employing agility into architectural assumption management. As a 
follow-up, in the next chapter, we introduce a specific approach employing agility 
to address the resource–intensive problem in architectural assumption 
management. 
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Chapter 9  Identifying and Recording 
Software Architectural Assumptions in 
Agile Development 

[Based on: C. Yang and P. Liang. Identifying and recording software 
architectural assumptions in agile development. In: Proceedings of the 26th 
International Conference on Software Engineering and Knowledge 
Engineering (SEKE). Vancouver, Canada, pp. 308-313, 2014.] 

Abstract 

Architects and involved stakeholders constantly make architectural 
assumptions in architecture design. These assumptions, as an 
important part of architectural knowledge, need to be well managed 
in the whole architecting lifecycle. However, they are always retained 
in the heads of various stakeholders and left undocumented, which 
results in architectural knowledge vaporization, especially in agile 
development when documentation is not a must and priority. In this 
chapter, we propose a novel method that is composed of two parts – 
Architectural Assumption Library to help architects identify 
architectural assumptions and Architectural Assumption Card to 
describe them based on a simplified conceptual model of architectural 
assumption. An architect from an industry project of Embedded 
Systems that using agile development was invited to employ this 
method in the project to identify and describe architectural 
assumptions. It shows that the proposed method can help architects 
to easily identify and describe architectural assumptions, which is 
promising to facilitate architecture design, maintenance, and 
evolution in agile development. 

9.1 Introduction 
Most AAs in agile development are implicit and undocumented since 

documentation is not a must and priority [127]. Managing all the AAs in software 
lifecycle would cost a huge amount of resources, which is not advocated and 
suitable in agile development. Therefore, AAs need to be managed in a lightweight 
manner. In this chapter, we propose to identify and describe AAs in agile 
development with a simplified conceptual model of AA. 



Chapter 9 

 

 292 

9.2 Related work 

9.2.1 Assumption in software development 
The concept of assumption is not new. There are many type of assumptions in 

software development, such as requirement assumption, architectural assumption, 
etc., which focus on different aspects of software development [7]. Related work 
on assumptions in software development covers the areas of their classification, 
impact, and the methods of processing them (such as recovering, identifying, and 
documenting assumptions). 

In [7], a prototype Assumption Management System in software development 
was developed by Lewis et al., which can extract assumptions from Java source 
code and record them into a repository for management. They provided a 
taxonomy of general assumptions in software development, including control 
assumptions (expected control flow), environment assumptions (expected 
environmental factors), data assumptions (expected input or output data), usage 
assumptions (expected use of applications), convention assumptions (followed 
standards or conventions in development). 

9.2.2 Architectural assumption 
Garlan et al. [9] identified four general categories for architectural assumptions 

that are implicit and undocumented and consequently lead to architectural 
mismatch: nature of components, nature of connectors, global architectural 
structure, and software construction process. This categorization of architectural 
assumptions is based on a structural view of architecture, which considers SA as a 
set of structures, including components and connectors. 

In [63], Ostacchini and Wermelinger proposed a lightweight method to manage 
architectural assumptions in agile development. They summarized four main tasks 
of architectural assumption management from existing literature: recording new 
assumptions, monitoring assumptions on a regular basis, searching for 
assumptions, and recovering past assumptions. They use the taxonomy of 
assumptions proposed in [34]. Our method focuses on identifying and describing 
AAs based on a simplified conceptual model in agile development, which covers 
the task “recording new assumptions” in  [63]. 

Roeller et al. [4] classified architectural assumptions into four groups as: implicit 
and undocumented (the architect is unaware of the assumption, or it concerns of 
course knowledge), explicit but undocumented (the architect takes a decision for a 
very specific reason), explicit and explicitly undocumented (the reasoning is 
hidden), explicit and documented (this is the preferred, but often exceptional, 
situation). They also developed a method (Recovering Architectural Assumptions 
Method, RAAM) to recover assumptions in architecture design. 
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Lago and van Vliet [34] distinguish architectural assumptions from 
requirements and constraints. An assumption meta-model was provided to 
document these assumptions in an explicit way. They classified architectural 
assumptions into three groups: managerial, organizational, and technical 
assumptions. However, it is complicated and may not be appropriate to use this 
meta-model and classification of assumptions in agile development. Our method 
of identifying and describing assumptions is lightweight to accommodate agile 
development and focuses on architectural assumptions. 

9.2.3 Knowledge management in software development 
Rus and Lindvall [180] described the knowledge evolution cycle in software 

development, which is composed of five phases: (1) Originate/create knowledge 
(members of an organization develop knowledge through learning, problem 
solving, innovation, creativity, and importation from outside sources); (2) 
Capture/acquire knowledge (members acquire and capture information about 
knowledge in explicit forms); (3) Transform/organize knowledge (organizations 
organize, transform, or include knowledge in written material and knowledge 
bases); (4) Deploy/access knowledge (organizations distribute knowledge through 
education, training programs, automated knowledge-based systems, or expert 
networks); (5) Apply knowledge (organizations apply the knowledge - which is 
the ultimate goal of knowledge management and aims to make knowledge 
available whenever it is needed). Our proposed method covers all these five 
phases of architectural knowledge management through identifying and 
describing architectural assumptions (a type of architectural knowledge) [107]. 

9.3 Method 
We propose a novel method, which is composed of two parts – Architectural 

Assumption Library (AAL) and Architectural Assumption Card (AAC) – for 
identifying and describing AAs in agile development. These two parts are both 
lightweight and based on the simplified conceptual model of AA. A process of 
identifying and describing AAs is specified to connect these two parts, which is 
described in detail in this section. 

9.3.1 An conceptual model of architectural assumption 
The conceptual model as shown in Fig. 56 is originated from the template for 

recoding architectural design decisions in [181]. The template has 14 elements: 
Issue, Decision, Status, Group, Assumptions, Constraints, Positions, Argument, 
Implications, Related decisions, Related requirements, Related artifacts, Related 
principles, and Notes. Compared to the ADD template, our simplified AA 
conceptual model only contains 5 elements: “Stakeholder” element can improve 
the traceability of AAs to related stakeholders, who are the source of this AA. 
“Description” element provides basic information about what the AA is. “Pros” 
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and “Cons” support stakeholders to understand the positive and negative impact 
when considering the AA. “Relationship” between AAs provides traceability 
information between AAs which is needed in architecture impact analysis [154]. 
We argue that these five AA elements are the core and fundamental elements for 
identifying and describing AAs in agile development, which is also largely 
identified as the major elements (assumptions, arguments) in ADD conceptual 
models [182]. 

 

 
Fig. 56. A simplified conceptual model of Architectural Assumption 

 

9.3.2 Architectural Assumption Library 
Identifying AAs usually cause extra effort in development. Roeller et al. 

proposed to use interviews to identify AAs [4]. However, it is overcomplicated for 
agile development. For example, architects and developers may spend several 
days to discuss with stakeholders and identify AAs in several iterations in one 
release [4].  

An Architectural Assumption Library acts as a repository of AAs, and helps 
architects to reduce the effort of identifying AAs in agile development by 
providing existing and reusable AAs as a reference and starting point, which can 
also reduce the time and identification effort on the discussion of AAs among 
stakeholders. There are two activities in the AAL management: creation and 
maintenance of AAL. The creation activity includes initializing an AAL and 
adding AAs into the AAL, for example, the new AAs can be identified, described, 
and added during project development. The maintenance activity of AAL includes 
checking and removing duplicated AAs in an AAL, clarifying AAs description and 
their relationships, etc. In an agile development, time and human resources are 
precious and it may not be appropriate to maintain the AAL during the 
development, because for example, checking and removing duplicated AAs 
should be performed by architects, which would cost additional effort but has little 
value to the current development. We propose that architects can work with 
stakeholders to maintain AAL at the end of a project which is time wise and when 
they still have a clear memory about the AAs of the project. 
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We use the simplified conceptual model of AA in Fig. 56 as a basic template to 
describe and add AAs into AAL. The core items of the template are described in 
Table 82. 

 
Table 82. Template for describing and adding AAs into AAL 

Item Description 

Assumption Name This element describes the name of the AA. It should be meaningful to 
stakeholders, which means that it should not be named as “1”, “A”, etc. A 
meaningful name provides hint for users to quickly identify the AA. 

Stakeholders This element describes the stakeholders who are concerned about the AA. It 
provides the possibility to discuss the AA with the involved stakeholders to 
get a better understanding of the AA or modify this AA. 

Description This element provides more detailed information about the AA which helps 
stakeholders to understand the assumption. 

Pros This element helps stakeholders to get a clear understanding of the positive 
impact when considering the AA.  

Cons This element helps stakeholders to get a clear understanding of the negative 
impact when considering the AA. 

Relationship(s) This element specifies the relationship between AAs. Kruchten provided a 
taxonomy for ADD in [183]. We adapt this taxonomy for AA with minor 
change. Table 83 presents the five relationships between AAs. 

 

Table 83. Relationships between architectural assumptions 

Relationship Description 

A Constrains B Architectural assumption B is tied to assumption A. If A is removed, then B 
should be removed as well.  

A Conflicts with B A symmetrical relationship indicating that the two architectural assumptions 
A and B are mutually exclusive. 

A Comprises B1, 
B2, … Bn 

A high level and somewhat complicated, wide-ranging architectural 
assumption A is made of or decomposed into a series of narrower, more 
specific architectural assumptions B1, B2, … Bn.  

A Is an alternative 
to B 

A and B are similar architectural assumptions, and they can replace each 
other.  

A Is related to B There is a relation of some sort between the two architectural assumptions, 
but it is not of any kind listed above.  

 

9.3.3 Architectural Assumption Card 
We provide Architectural Assumption Card based on the simplified conceptual 

model of AA as well (as shown in Fig. 56), to describe AAs in agile development. 
These described AAs will be shared among all stakeholders of a project using 
blackboard or collaborative tools. An example AA described using AAC is 
provided in Table 84. By using AAC, AAs can be described in an explicit and 
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lightweight manner, which helps involved stakeholders to communicate the 
architecture design related to certain AAs. 

 
Table 84. An example of AAs described using Architectural Assumption Card 

AAC Element Content of Element 

Assumption Name Response time of the system 

Stakeholders Jun Lan Yang (architect) 

Assumption Description The response time of the system should be within 2 seconds 

Pros High performance and usability 

Cons Extra effort (such as testing, hardware, etc.) 

Relationship(s) Is constrained by Response strategy 

 

9.3.4 Process of identifying and describing architectural 
assumptions 

This process comprises three parts – using AAL to identify AAs, using AAC to 
describe AAs, and adding new AAs into AAL (which is part of the creation activity 
in AAL management). Fig. 57 shows the process of identifying and describing AAs 
using AAL and AAC, which is composed of five steps:  

(1) Use search strategies, such as keywords, to search related AAs in AAL; 
(2) If result AAs are retrieved, then identify the AA which is usable for the current 

design context. Otherwise, go to Step (4); 
(3) If the identified AA does not directly suit the current design context, then this 

AA should be adapted. Otherwise, go to Step (4); 
(4) Describe the AA using AAC. The AA described can be both an AA identified 

and adapted in AAL or a new AA from the current project; 
(5) If the AA is new, then add it into AAL. 
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Fig. 57. Process of using AAL and AAC to identify and describe AAs 

 

9.4 Case study 
To evaluate our proposed method in an industrial context, we invited an 

architect from an industry project on Embedded Systems that employing agile 
development to use the simplified AA conceptual model and the process in the 
project to identify and describe AAs. The collected AAs are limited because there 
is only one project involved, and we plan to further evaluate this method 
empirically with e.g., controlled experiments in the next step. 

This project is an embedded system based on the Internet of Things techniques 
for managing fixtures in a big clothing factory. One fixture can be possibly moved 
on demand to everywhere in the factory which is composed of several workshops, 
and factory administration needs to find out where it is and its trajectory when 
they need it. They used readers, locators, electronic tags, and computers to build 
the hardware environment. The operation principles of the embedded system are 
described below: 
(1) Every fixture has a tag, providing its basic information, including a unique 

identity ID. 
(2) Every workshop has been divided into several areas and each of them has a 



Chapter 9 

 

 298 

locator. Position information of this area has been stored in locators, and they 
can activate tags through sending data with 125KHz (the frequency used in 
Radio Frequency Identification) in a fixed period. 

(3) Workshops have been divided and each of them has a reader. The reader can 
detect the tag and receive the data with position information from the tag. 

(4) Through the wireless network, the readers can send the data received from the 
tags to the computer. 

(5) After processing the data in the computer, users can retrieve the position 
information of the fixture. 

We gave a short tutorial of AA to the architect of this embedded system, and 
asked him to construct an initial AAL using the template (as shown in Table 82) 
based on his own experience from previous industry projects. More than 20 AAs 
were added in this initial AAL. During this project, the architect used the AAL to 
identify AAs and then described AAs using AAC. For example, the architect 
identified an architectural assumption “using 433MHz model (the communication 
frequency between readers and tags) with 40 meters of the communication distance” from 
the AAL, which is suitable for the current design context. Based on the actual 
environment (metal cover, signal interference, etc.) and his own experience, he 
adapted this AA into 433MHz model with 20 meters of the communication 
distance, and described this AA using AAC. The architect can use the AAs in AAL 
to reduce effort in architecture design. On the other hand, making these AAs 
explicit can help stakeholders to have a clear view in their perspectives: project 
managers and customers could know how many fixtures they need to cover the 
whole workshops; implementation consultant could figure out how to deploy the 
whole system; etc. Several examples of AA described by the architect using our 
method are listed in Table 85. 
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Table 85. Examples of using AAC to describe AAs in an industry project 

ID Name Stakeholder Description Pros Cons Relationship(s) 

1 433MHz 
Model 
with 20 
Meters 
Distance 

Wei Feng 
Wen 
(architect) 

This model provides the 
ability of communication 
between readers and tags 
in a 433MHz frequency, 
which has 20 meters of the 
communication distance 
(in an open space). 

Strong ability of fitting 
the environment.  
It has a longer 
communication 
distance than 2.4GHz 
model. 

The power consumption 
and the cost are higher 
than 2.4GHz model. 

Is an alternative to 2.4GHz 
model 
Constrains the 
communication between 
readers and tags 

2 STM32F107 Wei Feng 
Wen 

(architect) 

This is the type of MCU of 
the reader. It can be 
replaced if necessary. 

Compared to AT91 
(another type of MCU), 
it has lower power 
dissipation, higher 
basic frequency and 
stability. 

A relatively high price. Conflicts with and Is an 
alternative to AT91 
Constrains the operation of 
the reader  
Constrains the reader code 
development 

3 Internet Wei Feng 
Wen 

(architect) 

This is the communication 
way between readers and 
computers.  

High speed.  
It can process macro 
data.  

Lower stability than serial 
port.  
It needs an additional 
algorithm to prevent 
packet loss. 

Comprises using Internet 
access 
Comprises using cable or WIFI 
Is an alternative to serial port 

4 Cable Wei Feng 
Wen 

(architect) 

We use cable as the fixture 
but not WIFI to realize the 
internet.  

Stable and long 
distance. 

The reader needs to have 
an Internet port (extra 
complexity).  
The cable becomes 
complicated if there are 
many readers.  

Is related to Internet 
Is an alternative to WIFI 

5 Reader 
Operation 

Wei Feng 
Wen 

(architect) 

We need an operation 
running in the readers. 

High instantaneity and 
stability.  

This would result in some 
extra power and time 
consumption. 

Is related to STM32F107 
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After the case study, we asked the architect to fill in a questionnaire to obtain a 
qualitative evaluation about our method. The questions and answers are shown in 
Table 86. 

 
Table 86. Questionnaire and answers 

1. Do you clearly know what architectural assumptions are? 

Subject: Somewhat understand. 

2. Do you agree that architectural assumptions need to be managed in agile development? 

Subject: Yes 

3. To what extent can you use our method to identify and describe architectural assumptions in the 
agile project? 

Subject: Need some effort but acceptable 

4. Do you agree that the efficiency in agile development can be improved by identifying and 
describing architectural assumptions? 

Subject: Yes. 

5. Do you agree that tools are necessary when identifying and describing architectural assumptions 
in agile development? 

Subject: Yes. 

6. What other activities related to architectural assumptions do you think are important in agile 
development (such as Architectural Assumption Recovery, etc.)? 

Subject: Understanding, Recovery, and Evaluation of architectural assumptions 

7. What are your comments and suggestions for improving the method based on your experience on 
agile development? 

Subject:  
(1) Whether this method can be suitable and readily used in industry is related to some other 

factors, such as team organization, motivation of stakeholders, etc.  
(2) It is hard to define what types of architectural assumptions should be shared to what 

stakeholders, because we cannot and it is not necessary to share all the assumption information 
to everyone, but we only need to share the information to the specific stakeholders who need it. 
For example, it is necessary to share the system response time to the customers, but it may not 
be necessary to share the technical assumptions with them.  

 

The evaluation and feedback from the architect show that the process and 
model for identifying and describing AAs is easy to follow and takes acceptable 
effort to manage implicit AAs. The method has a positive impact on the 
development of project. He mentioned that some other activities related to AA are 
also important in agile development such as AA understanding, recovery, and 
evaluation. However, he suggested that we should consider the cost of introducing 
these AA activities into agile development and to provide appropriate tools to 
support the method. He also mentioned that whether this method can be suitable 
and readily used in an industrial setting depends on some factors, such as team 
organization, motivation of stakeholders, etc. Furthermore, he thought it was 
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necessary to enact some shared strategies for AAs to help stakeholders easily 
apply the method in agile development. 

According to his suggestions, we plan to classify AAs into some groups based 
on domain of projects or stakeholder role. This can be helpful to share AA 
information to the right stakeholders and reduce the redundancy of use (users may 
not want to read AAs they do not care). 

9.5 Conclusions 
Architecture assumptions in agile development are normally retained in 

stakeholders’ mind which results in architectural knowledge vaporization [24]. It is 
important to manage them in an explicit way to avoid misunderstanding of 
architecture in architecting process. The major contributions of this chapter: (1) We 
propose that companies or organizations can build an Architectural Assumption 
Library to store their AAs which can be further used to identify AAs in agile 
development projects. (2) We propose to use Architectural Assumption Card to 
describe AAs in agile development. Architectural assumptions can be explicitly 
written in a card or stored in collaborative tools to be better shared and 
communicated among stakeholders. (3) We propose a process of identifying and 
describing AAs using AAL and AAC with a simplified conceptual model of AA. (4) 
Finally, we report on an industrial case study, which was conducted to show the 
feasibility and value of our method in agile development. 
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Chapter 10  Conclusions and Future Work 

This chapter concludes this thesis by first summarizing the answers to the 
knowledge questions and design problems, and then providing future research 
directions regarding architectural assumptions and their management in software 
development. 

10.1 Contributions and answers to the design 
problems and knowledge questions 

As mentioned in Chapter 1, the core problem of the thesis is stated as follows: 
“How can we provide a systematic approach to manage architectural assumptions?”. To 
solve this problem we decomposed it into four design problems and four 
knowledge questions, which are addressed in Chapters 2 to 9.  

The contributions of this thesis can be viewed from two sides. On the one hand, 
the thesis provides knowledge regarding: (1) assumptions and their management in 
software development from the literature (KQ1); (2) architectural assumptions and 
their management from practice (KQ2); (3) the specific activity of Architectural 
Assumption Description and how it is practiced in industry (KQ3); (4) the 
architecture-agility combination from the literature (KQ4). On the other hand, the 
thesis provides four solutions for architectural assumption management: (1) a 
general architectural assumption management process (DP1); (2) an Architectural 
Assumption Documentation Framework (DP2); (3) an Architectural Assumption 
Documentation tool that implements the framework (DP3); (4) a lightweight 
approach that employs agility into architectural assumption management (DP4). 
We further summarize the answers to each design problem and knowledge 
question as follows. 

KQ1: “What is the state of the art on assumptions and their management?” 

Before addressing the core problem, there was a need to analyze the research 
literature and understand the current state of the research regarding assumptions 
in general and their management in software development. To this end, we 
conducted a systematic mapping study that covers the literature from January 2001 
to December 2015 on assumptions and their management in software development. 
The key results are: (1) Although twelve assumption management activities were 
explored, there was no general assumption management process. Much effort has 
been put on Assumption Making, Description, and Evaluation, while Assumption 
Maintenance received moderate attention. (2) Performing assumption 
management activities in practice still remains a major challenge for software 
engineers. (3) Most negative consequences are caused by invalid or implicit 
assumptions. 
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KQ2: “What is the state of the practice regarding architectural assumptions and their 
management from architects' perception?” 

Besides the analysis of literature, it was critical to investigate the state of the 
practice regarding architectural assumptions and their management in industry. 
To this end, we conducted an exploratory case study with twenty-four architects to 
analyze the practice of architectural assumptions and their management. The 
results of KQ2 confirm the results of KQ1. As an example, we identified the same 
twelve architectural assumption management activities (e.g., Making and 
Description) from the case study, while we did not find any process to encompass 
the activities as a whole. 

DP1: “How to manage architectural assumptions by following a general process?”  

Since a general architectural assumption management process is critical in 
architectural assumption management, we first designed such a process and then 
evaluated the proposed process through a case study with 88 first-year master 
students on software engineering. The proposed process is comprised of four 
architectural assumption management activities: Architectural Assumption 
Making, Description, Evaluation, and Maintenance. The results of the case study 
show that: (1) the ease of understanding and the effort of conducting the process 
are moderate; (2) the process can help to make architectural assumptions explicit 
and to identify and reduce invalid architectural assumptions in projects; (3) 
various factors (e.g., whether assumptions are systematically described) can 
influence the aforementioned results. 

KQ3: “What is the state of the practice regarding Architectural Assumption 
Description from practitioners' perception?” 

During the evaluation of the proposed assumption management process, we 
confirmed a high-priority need to systematically describe architectural 
assumptions. Before trying to propose a specific solution, we first focused on 
analyzing how Architectural Assumption Description is performed in practice. We 
studied the current situation on how practitioners describe architectural 
assumptions in software development through a web-based survey with 112 
practitioners. The results show that on the one hand, most of the subjects 
considered that architectural assumptions are important in both software 
architecting and the software development lifecycle; on the other hand, there is a 
lack of approaches and tools to document architectural assumptions in projects. In 
addition, it is important to understand the concerns of stakeholders in 
documenting architectural assumptions, and provide dedicated approaches and 
tools to support Architectural Assumption Description. 

DP2: “How to systematically describe architectural assumptions that addresses 
stakeholders’ concerns?”  

After finding out that existing approaches cannot satisfy certain concerns from 
stakeholders in documenting architectural assumptions, we designed an 
Architectural Assumption Documentation Framework, comprised of four 
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viewpoints (i.e., the Detail, Relationship, Tracing, and Evolution viewpoint) that 
specifically frame such concerns. We also evaluated the framework through a case 
study with two cases conducted at two companies from different domains and 
countries. The results of the case study show that: (1) the framework can be 
understood by architects in a short time; (2) the Architectural Assumption 
Evolution view requires the least time to create, followed by the Detail view and 
Relationship view; (3) the framework can help stakeholders to identify risks and 
understand architectural assumptions documented by other stakeholders. 

DP3: “Offer tool support for Architectural Assumption Description” 

During the evaluation of the framework, even though we found that it could 
benefit Architectural Assumption Description, the lack of tool support was a 
critical problem to adopt the framework in practice. To this end, we developed a 
dedicated tool that implements the proposed framework in DP2. We also 
evaluated the tool through a case study regarding the perceived ease of use and 
usefulness with sixteen architects from ten companies. The results of the case 
study show that the proposed tool is generally easy to use and useful in 
Architectural Assumption Description as well as in software development. On the 
other side, there are several points for improvement, such as supporting data 
analysis and automatic verification of architectural assumptions. 

KQ4: “What is the state of the art on the architecture-agility combination?” 

Although we proposed three solutions for architectural assumption 
management, the effort required was still a key challenge of employing them in 
practice. To address this problem, we intended to integrate agility into 
architectural assumption management. As a first step, we focused on 
understanding the current state of the research regarding the architecture-agility 
combination. To this end, we conducted a systematic mapping study, covering the 
literature on the architecture-agility combination published between February 2001 
and January 2014.  The main results show: (1) Forty-one agile practices can be used 
in the architecture-agility combination. (2) Most of the challenges are directly 
related to architecture (e.g., Tension between Architecture Design and Agile 
Development). (3) Six types of factors (Project, People, Architecture, People-related, 
Organization, and System) that may impact the success of applying architecture-
agility combination were explored. 

DP4: “How to reduce the investment in managing architectural assumptions?” 

After gaining knowledge regarding the architecture-agility combination, as a 
follow-up, we designed an approach that integrates agility into architectural 
assumption management. The approach comprises a simplified architectural 
assumption metamodel, a process for architectural assumption management, a 
component called Architectural Assumption Library, and a component called 
Architectural Assumption Card. We also evaluated the proposed approach 
through a case study with an architect. The results of the case study show that (1) 
the proposed approach is easy to understand and use; (2) the effort of using the 
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approach is acceptable; (3) the approach is useful in architectural assumption 
management on the one hand, while reducing investment of managing 
architectural assumptions on the other hand. 

10.2 Future work 
There are of course a number of interesting research paths that have become 

explicit after working on this PhD project. We list them below. 

(1) Understanding architectural assumptions and their management 

All the studies we conducted indicate that the architectural assumption concept 
is rather subjective; in neither academia nor industry we did find a consistent 
understanding on architectural assumptions and their management. Questions 
such as which types of architectural assumptions should be paid more attention to, 
how architectural assumptions are related to other types of software artifacts, who 
should be involved in architectural assumption management as well as how, and 
how architectural assumption management can be integrated in existing software 
development processes (e.g., agile development) still need further investigation. 

(2) Further evaluation of the proposed approaches and tools 

The approaches and tools proposed in this thesis are preliminarily evaluated 
through case studies. As an example, for the work of the Architectural Assumption 
Documentation Framework, it is important to investigate the long-term utility of 
the documentation created by applying the framework and the issues of the 
architectural assumptions documented when the architecture evolves. These can 
only be evaluated during the lifecycle of a project and not with a half-day 
workshop. Therefore, we consider a long-term use of the framework in a 
longitudinal study as future work.  

(3) Architectural Assumption Making, Evaluation, and Maintenance 

In this thesis, we advocated treating Architectural Assumption Making, 
Description, Evaluation, and Maintenance as the core architectural assumption 
management activities. Though we offered support for Architectural Assumption 
Description, the other three architectural assumption management activities need 
further investigation, including proposing new approaches specifically for each of 
the activities. 

(4) Factors for architectural assumption management 

In this thesis, we identified a set of factors that may have an impact on 
architectural assumption management. As an example, in Chapter 4, we discussed 
the potential factors for applying the architectural assumption management 
process, including experience of stakeholders, understanding of the related 
concepts, and the software development approaches and tools employed in 
projects. There is a need to further investigate how exactly these factors impact 
architectural assumption management, and further provide guidance in adjusting 
the factors. 
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(5) Return on investment of architectural assumption management 

Though architectural assumptions are important in software development, they 
are usually not well managed in projects. One potential reason is that the return on 
investment of architectural assumption management is unknown. Therefore, the 
practical applicability of architectural assumption management needs further 
evaluation and evidence. 

(6) Automation in architectural assumption management 

There is a significant difference between automatic and manual assumption 
management, regarding their pros, cons, characteristics, etc. Since reducing the 
investment of architectural assumption management is of significant importance in 
software development, besides agility, automation could be another promising 
direction (e.g., employing assume-guarantee approaches in other contexts instead 
of only system verification). 
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Software development is composed of several basic activities [3]. According to 

our knowledge and experience, we adapted and followed the software 
development activities suggested in SWEBOK [3] in this SMS as follows. 

(1) Requirements Engineering 
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Software requirements refer to the concerns of various stakeholders related to 
software products. Requirements engineering includes several sub-activities, such 
as requirements elicitation, requirements analysis, and requirements specification. 

(2) Software Design 

Software design can be further classified into architecture design (i.e., focusing 
on the high-level structure of the software) and detailed design (i.e., focusing on 
the details of each component as well as its development). 

(3) Software Construction 

Software construction means the implementation of the working software, 
which is based on the outputs from requirements engineering and software design. 

(4) Software Testing 

Software testing aims to verify the software through testing, for example, 
whether the expected requirements are met and the expected behaviors are 
provided. 

(5) Software Maintenance and Evolution 

Software can change over time (e.g., caused by new requirements) and need to 
be maintained (e.g., correcting defects of the software) after delivering the software. 

A.3 Results 
Table 87. Number of studies per publication venue. 

Publication venue Type Number 
(%) 

International Conference on Computer Aided Verification (CAV) Conference 6 (4.5%) 

Journal of Systems and Software Journal 5 (3.7%) 

International Requirements Engineering Conference (RE) Conference 4 (3.0%) 

International Conference on Automated Software Engineering (ASE) Conference 4 (3.0%) 

Asia-Pacific Software Engineering Conference (APSEC) Conference 4 (3.0%) 

International Conference on Tools and Algorithms for the Construction 
and Analysis of Systems (TACAS) 

Conference 4 (3.0%) 

International Conference on Model Driven Engineering Languages and 
Systems (MoDELS) 

Conference 4 (3.0%) 

Formal Methods in System Design Journal 3 (2.2%) 

International Conference on Software Engineering (ICSE) Conference 3 (2.2%) 

International Workshop on Software Evolvability (SE) Workshop 3 (2.2%) 

IEEE Transactions on Software Engineering Journal 2 (1.5%) 

IET Software Journal 2 (1.5%) 

ACM Transactions on Software Engineering and Methodology Journal 2 (1.5%) 

Science of Computer Programming Journal 2 (1.5%) 

Requirements Engineering Journal 2 (1.5%) 

International Conference on Computer Safety, Reliability, and Security 
(SAFECOMP) 

Conference 2 (1.5%) 
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Annual International Computer Software and Applications Conference 
(COMPSAC) 

Conference 2 (1.5%) 

International Conference on Pervasive Services (ICPS) Conference 2 (1.5%) 

International Symposium on Software Reliability Engineering (ISSRE) Conference 2 (1.5%) 

International Workshop on the Twin Peaks of Requirements and 
Architecture (TwinPeaks) 

Workshop 2 (1.5%) 

Workshop on Sharing and Reusing Architectural Knowledge (SHARK) Workshop 2 (1.5%) 

 
Table 88. Types of assumptions related to software development activities. 

 
Table 89. Assumption management activities in software development. 

Software 
development 
activity 

Number 
(%) 

Studies 

Requirements 
engineering 

76 (56.7%) [S2][S3][S4][S5][S6][S7][S8][S9][S13][S16][S17][S18][S29][S30] 
[S32][S34][S36][S38][S40][S43][S44][S45][S46][S48][S50][S53][S54]
[S56][S59][S60][S61][S62][S63][S64][S66][S67][S70][S73][S74][S76]
[S78][S80][S82][S84][S85][S88][S89][S90][S91][S92][S93][S96][S98]
[S99][S100][S102][S103][S104][S105][S106][S107][S108][S109] 
[S111][S113][S114][S115][S116][S119][S121][S122][S125][S126] 
[S127][S128][S133] 

Software design 104 (77.6%) [S2][S3][S4][S6][S7][S8][S9][S10][S11][S12][S13][S14][S15][S17] 
[S18][S19][S20][S21][S22][S23][S24][S25][S26][S27][S29][S30][S31]
[S33][S34][S35][S36][S37][S39][S40][S41][S43][S44][S46][S49][S50]
[S52][S53][S54][S55][S56][S57][S58][S59][S60][S64][S65][S66][S67]
[S68][S69][S70][S71][S72][S73][S75][S76][S77][S78][S80][S81][S83]
[S84][S85][S86][S87][S88][S89][S90][S91][S92][S93][S94][S95][S97]
[S99][S102][S103][S104][S105][S109][S110][S111][S112][S114] 
[S116][S117][S119][S120][S121][S122][S123][S124][S126][S127] 
[S130][S131][S132][S133][S134] 

Software 
construction 

36 (26.9%) [S1][S2][S3][S6][S9][S13][S17][S23][S34][S36][S40][S42][S44][S47] 
[S50][S51][S54][S55][S57][S75][S76][S80][S86][S87][S92][S93] 
[S100][S101][S105][S109][S111][S114][S119][S123][S124][S133] 

Software testing 16 (11.9%) [S7][S11][S13][S36][S40][S50][S54][S55][S80][S92][S93][S100] 
[S105][S114][S120][S133] 

Software 
maintenance and 
evolution 

22 (16.4%) [S4][S5][S8][S20][S34][S50][S71][S72][S80][S84][S85][S92][S93] 
[S100][S105][S114][S115][S116][S122][S123][S132][S133] 

Assumption 
management activity 

Number 
(%) 

Studies 

Making 108 (80.6%) [S1][S2][S3][S4][S6][S7][S9][S11][S12][S13][S14][S16][S17] 
[S19][S20][S21][S22][S23][S24][S27][S28][S29][S33][S34][S35] 
[S37][S38][S39][S40][S41][S42][S43][S44][S45][S46][S48][S49] 
[S50][S51][S52][S53][S54][S55][S56][S57][S58][S59][S60][S61] 
[S62][S63][S65][S67][S68][S69][S70][S71][S72][S73][S74][S75] 
[S76][S78][S79][S80][S81][S82][S83][S84][S85][S86][S87][S88] 
[S89][S90][S91][S92][S93][S97][S99][S100][S101][S102][S103] 
[S104][S105][S106][S108][S109][S110][S111][S112][S114][S115]
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Table 90. Approaches for assumption management. 

[S116][S118][S120][S121][S123][S124][S125][S126][S127][S130]
[S131][S132][S133][S134] 

Description 89 (66.4%) [S1][S2][S3][S4][S5][S6][S7][S10][S16][S17][S18][S22][S23] 
[S25][S26][S27][S31][S33][S34][S35][S36][S37][S38][S43][S44] 
[S45][S46][S47][S48][S49][S51][S54][S55][S56][S57][S59][S60] 
[S61][S64][S66][S67][S68][S73][S74][S75][S76][S77][S78][S79] 
[S80][S82][S83][S84][S85][S86][S89][S90][S92][S93][S96][S97] 
[S98][S99][S100][S101][S103][S104][S105][S107][S108][S109] 
[S111][S112][S113][S114][S116][S117][S118][S120][S122][S123]
[S124][S125][S126][S127][S128][S130][S132][S133] 

Evaluation  83 (61.9%) [S1][S2][S4][S5][S6][S10][S13][S14][S15][S17][S19][S20][S23] 
[S25][S27][S29][S30][S33][S34][S35][S38][S39][S40][S42][S43] 
[S44][S46][S47][S51][S53][S54][S55][S56][S57][S58][S61][S62] 
[S63][S67][S70][S71][S73][S75][S76][S77][S78][S79][S80][S81] 
[S83][S84][S87][S90][S92][S93][S94][S95][S97][S98][S99][S100] 
[S101][S102][S103][S104][S109][S111][S113][S115][S116][S118]
[S119][S120][S123][S124][S125][S126][S127][S128][S129][S132]
[S133][S134]   

Maintenance  30 (22.4%) [S4][S5][S6][S10][S14][S19][S22][S26][S29][S34][S38][S41][S43]
[S50][S52][S64][S80][S81][S86][S87][S90][S92][S93][S97][S101] 
[S103][S113][S114][S132][S133] 

Tracing 19 (14.2%) [S5][S34][S36][S43][S54][S60][S67][S85][S89][S90][S96][S104] 
[S105][S114][S115][S122][S123][S126][S133] 

Monitoring 18 (13.4%) [S1][S4][S18][S31][S34][S55][S78][S84][S93][S97][S99][S100] 
[S104][S105][S114][S119][S120][S125]  

Communication 10 (7.5%) [S2][S67][S78][S79][S104][S105][S101][S111][S123][S132] 

Reuse 9 (6.7%) [S20][S49][S59][S71][S72][S90][S105][S110][S133] 

Understanding 8 (6.0%) [S6][S63][S89][S90][S96][S121][S124][S132] 

Recovery  6 (4.5%) [S34][S88][S105][S114][S132][S133] 

Searching 5 (3.7%) [S92][S93][S105][S119][S132]  

Organization 3 (2.2%) [S78][S108][S111]  

Approach Number 
(%) 

Studies 

Assumption 
Making  

62 (46.3%) [S6][S7][S9][S11][S12][S13][S14][S15][S19][S20][S21][S22][S27][S29] 
[S34][S35][S37][S38][S40][S41][S45][S48][S51][S52][S53][S54][S55] 
[S58][S59][S62][S61][S63][S65][S67][S70][S71][S72][S73][S76][S81] 
[S82][S83][S86][S94][S95][S97][S100][S102][S103][S104][S106][S109]
[S110][S111][S116][S123][S124][S126][S130][S131][S132][S134] 

Assumption 
Description  

65 (48.5%) [S1][S5][S7][S10][S16][S18][S22][S23][S26][S27][S31][S33][S34][S36] 
[S37][S38][S43][S44][S45][S46][S47][S48][S51][S55][S56][S57][S59] 
[S60][S61][S64][S66][S67][S73][S74][S75][S77][S82][S84][S85][S86] 
[S90][S96][S97][S98][S100][S101][S103][S104][S105][S107][S108] 
[S111][S112][S115][S116][S117][S119][S120][S122][S124][S126] 
[S127][S128][S132][S133] 

Assumption 
Evaluation  

40 (29.9%) [S1][S6][S10][S13][S15][S17][S20][S27][S29][S30][S34][S47][S51] 
[S53][S54][S55][S56][S57][S58][S63][S70][S71][S73][S76][S77][S83] 
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[S94][S95][S97][S101][S102][S103][S109][S111][S116][S123][S124] 
[S126][S129][S134] 

Assumption 
Maintenance  

11 (8.2%) [S10][S14][S22][S26][S29][S34][S81][S86][S97][S101][S103]  

Assumption 
Tracing  

5 (3.7%) [S36][S60][S96][S122][S126] 

Assumption 
Monitoring  

3 (2.2%) [S1][S4][S104] 

Assumption 
Recovery  

1 (0.7%) [S114] 
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Appendix B – Appendix to Chapter 4 

B.1 Assumption management process report 
 

Table 91. Architectural Assumption Description template 

Element Type of answers 

ID Text 

Name Text 

Description Text 

State Valid / Invalid 

Rationale Text 

Invalidity Reason  Text 

Related architectural assumptions Text 

Related software artifacts Text 

 
Table 92. Architectural assumption management process report 

Section Description 

Section 0 Division of labor and time log 

Subject Tasks (AA management activity) Time (hour) Date 

    
 

Section 1 AA Making  

Section 1.1 Overview of the AAs made (e.g., number) 

Section 1.2 Problems and solutions in conducting AA Making  

Section 2 AA Description (see Table 91) 

Section 2.1 Description of AA1 

Section 2.2 Description of AA2 

…  

Section 2.n Description of AAn 

Section 2.n+1 Problems and solutions in conducting AA Description 

Section 3 AA Evaluation  

Section 3.1 Results of AA Evaluation 
(1) What AAs have been evaluated? 
(2) What issues have been found on an evaluated AA? 
(3) What are the plans for the problematic AAs? 

Section 3.2 Problems and solutions in conducting AA Evaluation  

Section 4 AA Maintenance  

Section 4.1 Results of AA Maintenance 
(1) What AAs have been maintained? 
(2) What are the actions (e.g., remove) for the maintained AAs? 
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Section 4.2 Problems and solutions in conducting the AA Maintenance activity 

 

B.2 Questionnaires 
 

Table 93. Questionnaire A – background information of the subjects 

Question Type of Answers 

Projects experience 

How many academic software engineering projects (e.g., 
course and bachelor projects) were you involved in? 

Integer >= 0 

Can you briefly describe the biggest academic project that 
you were involved in (e.g., your role, the duration, the team 
size, the size of the project (in Lines of Code), and a short 
description of the project)? 

Text 

How many industry projects (i.e., working in a team to 
develop software-intensive systems for industry) were you 
involved in? 

Integer >= 0 

Can you briefly describe the biggest industry project that 
you were involved in (e.g., your role, the duration, the team 
size, the size of the project (in Lines of Code), and a short 
description of the project)? 

Text 

Except for academic and industry projects, how many open 
source software projects (i.e., working in an open source 
community) were you involved in? 

Integer >= 0 

Can you briefly describe the biggest open source software 
project that you were involved in (e.g., your role, the 
duration, the team size, the size of the project (in Lines of 
Code), and a short description of the project)? 

Text 

Expertise 

What activities (e.g., courses, conferences, competitions, and 
projects) related to software engineering did you attend? 

Text 

What is your current level of knowledge about software 
engineering? 

Beginner / Mediate / Advanced / 
Expert 

Why do you think you are beginner / mediate / advanced / 
expert in software engineering? 

Text 

Have you ever received any professional training (i.e., 
excluding the courses at university) related to software 
engineering? 

Yes / No 

 
Table 94. Questionnaire B – answers of the RQs 

Question Type of Answers RQ 

How easy was it to understand AA 
Making? 

Five-point Likert Scale (i.e., 1 = “Very 
difficult” and 5 = “Very easy”) 

RQ1 

How easy was it to understand AA 
Description? 

Five-point Likert Scale (i.e., 1 = “Very 
difficult” and 5 = “Very easy”) 

RQ1 
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How easy was it to understand AA 
Evaluation? 

Five-point Likert Scale (i.e., 1 = “Very 
difficult” and 5 = “Very easy”) 

RQ1 

How easy was it to understand AA 
Maintenance? 

Five-point Likert Scale (i.e., 1 = “Very 
difficult” and 5 = “Very easy”) 

RQ1 

How easy was it to understand the AAM 
process? 

Five-point Likert Scale (i.e., 1 = “Very 
difficult” and 5 = “Very easy”) 

RQ1 

What factors could impact the 
understanding of the AAM process? 

Text RQ1 

How much effort did you need to conduct 
AA Making? 

Five-point Likert Scale (i.e., 1 = “Very time-
consuming” and 5 = “Not time-
consuming”) 

RQ2 

How much effort did you need to conduct 
AA Description? 

Five-point Likert Scale (i.e., 1 = “Very time-
consuming” and 5 = “Not time-
consuming”) 

RQ2 

How much effort did you need to conduct 
AA Evaluation? 

Five-point Likert Scale (i.e., 1 = “Very time-
consuming” and 5 = “Not time-
consuming”) 

RQ2 

How much effort did you need to conduct 
AA Maintenance? 

Five-point Likert Scale (i.e., 1 = “Very time-
consuming” and 5 = “Not time-
consuming”) 

RQ2 

How much effort did you need to conduct 
the AAM process? 

Five-point Likert Scale (i.e., 1 = “Very time-
consuming” and 5 = “Not time-
consuming”) 

RQ2 

What factors could impact the effort of 
conducting the AAM process? 

Text  RQ2 

Did the AAM process effectively help to 
make AAs explicit (i.e., every member in 
the group are aware of the AAs made)? 

Five-point Likert Scale (i.e., 1 = “Very 
helpful” and 5 = “Very helpless”) 

RQ3 

What AA management activities were the 
most helpful in making AAs explicit? 

AA management activities RQ3 

What factors could impact the effectiveness 
of making AAs explicit? 

Text  RQ3 

Did the AAM process effectively help to 
identify invalid AAs? 

Five-point Likert Scale (i.e., 1 = “Very 
helpful” and 5 = “Very helpless”) 

RQ4 

What AA management activities were the 
most helpful in identifying invalid AAs? 

AA management activities RQ4 

What factors could impact the effectiveness 
of identifying invalid AAs? 

Text  RQ4 

Did the AAM process effectively help to 
reduce the number of invalid AAs? 

Five-point Likert Scale (i.e., 1 = “Very 
helpful” and 5 = “Very helpless”) 

RQ5 

What AA management activities were the 
most helpful in reducing the number of 
invalid AAs? 

AA management activities RQ5 

What factors could impact the effectiveness 
of reducing the number of invalid AAs? 

Text  RQ5 
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B.3 Data items collected 
 

Table 95. Data items related to subjects 

Data item Scale type Unit Range 

Number of academic software engineering 
projects 

Ratio Project >=0 

Description of an academic software engineering 
project 

N/A N/A Text 

Number of industry projects Ratio Project >=0 

Description of an industry project N/A N/A Text 

Number of open source projects  Ratio Project >=0 

Description of an open source project N/A N/A Text 

Activities related software engineering N/A N/A Text 

Level of knowledge about software engineering N/A N/A Beginner / Mediate 
/ Advanced / 
Expert 

Reasons of the level of knowledge about software 
engineering 

N/A N/A Text 

Professional training (i.e., excluding higher 
education) related to software engineering 

N/A N/A Yes / No 

 

 
Table 96. Data items related to AAM report 

Data item Scale 
type 

Unit Range RQ 

Time spent on AA Making Ratio Hour >=0 RQ2 

Time spent on AA Description Ratio Hour >=0 RQ2 

Time spent on AA Evaluation Ratio Hour >=0 RQ2 

Time spent on AA Maintenance Ratio Hour >=0 RQ2 

Overview of the AAs made N/A N/A Text RQ1-RQ5 

Problems in conducting AA Making N/A N/A Text RQ1-RQ5 

Solutions for the identified problems in 
conducting AA Making 

N/A N/A Text RQ1-RQ5 

Number of AAs described Ratio AA >=0 RQ1-RQ5 

Details of AAs (ID, Name, Description, State, 
Rationale, Invalidity reason, Related architectural 
assumptions, and Related software artifacts) 

N/A N/A Text RQ1-RQ5 

Problems in conducting AA Description N/A N/A Text RQ1-RQ5 

Solutions for the identified problems in 
conducting AA Description 

N/A N/A Text RQ1-RQ5 

Number of invalid AAs identified Ratio AA >=0 RQ4 

Results of AA Evaluation N/A N/A Text RQ1-RQ5 
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Problems in conducting AA Evaluation N/A N/A Text RQ1-RQ5 

Solutions for the identified problems in 
conducting AA Evaluation 

N/A N/A Text RQ1-RQ5 

Results of AA Maintenance N/A N/A Text RQ1-RQ5 

Problems in conducting AA Maintenance N/A N/A Text RQ1-RQ5 

Solutions for the identified problems in 
conducting AA Maintenance 

N/A N/A Text RQ1-RQ5 

 
Table 97. Data items collected for answering RQs 

Data item Scale type Unit Range RQ 

Ease of understanding AA 
Making 

Interval N/A Five-point Likert Scale (i.e., 1 = 
“Very difficult” and 5 = “Very 
easy”) 

RQ1 

Ease of understanding AA 
Description 

Interval  N/A Five-point Likert Scale (i.e., 1 = 
“Very difficult” and 5 = “Very 
easy”) 

RQ1 

Ease of understanding AA 
Evaluation 

Interval  N/A Five-point Likert Scale (i.e., 1 = 
“Very difficult” and 5 = “Very 
easy”) 

RQ1 

Ease of understanding AA 
Maintenance 

Interval  N/A Five-point Likert Scale (i.e., 1 = 
“Very difficult” and 5 = “Very 
easy”) 

RQ1 

Ease of understanding the 
AAM process 

Interval  N/A Five-point Likert Scale (i.e., 1 = 
“Very difficult” and 5 = “Very 
easy”) 

RQ1 

Factors for understanding 
the AAM process 

N/A N/A Text RQ1 

Effort for AA Making Interval  N/A Five-point Likert Scale (i.e., 1 = 
“Very time-consuming” and 5 = 
“Not time-consuming”) 

RQ2 

Effort for AA Description Interval  N/A Five-point Likert Scale (i.e., 1 = 
“Very time-consuming” and 5 = 
“Not time-consuming”) 

RQ2 

Effort for AA Evaluation Interval  N/A Five-point Likert Scale (i.e., 1 = 
“Very time-consuming” and 5 = 
“Not time-consuming”) 

RQ2 

Effort for AA 
Maintenance 

Interval  N/A Five-point Likert Scale (i.e., 1 = 
“Very time-consuming” and 5 = 
“Not time-consuming”) 

RQ2 

Effort for the AAM 
process 

Interval  N/A Five-point Likert Scale (i.e., 1 = 
“Very time-consuming” and 5 = 
“Not time-consuming”) 

RQ2 

Factors for using the 
AAM process 

N/A N/A Text  RQ2 

Effectiveness of the AAM 
process in making AAs 
explicit 

Interval N/A Five-point Likert Scale (i.e., 1 = 
“Very helpful” and 5 = “Very 
helpless”) 

RQ3 
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Most helpful AA 
management activities in 
making AAs explicit 

N/A N/A AA management activities RQ3 

Factors for the 
effectiveness of making 
AAs explicit 

N/A N/A Text  RQ3 

Effectiveness of the AAM 
process in identifying 
invalid AAs 

Interval N/A Five-point Likert Scale (i.e., 1 = 
“Very helpful” and 5 = “Very 
helpless”) 

RQ4 

Most helpful AA 
management activities in 
identifying invalid AAs 

N/A N/A AA management activities RQ4 

Factors for the 
effectiveness of 
identifying invalid AAs 

N/A N/A Text  RQ4 

Effectiveness of the AAM 
process in reducing the 
number of AAs 

Interval N/A Five-point Likert Scale (i.e., 1 = 
“Very helpful” and 5 = “Very 
helpless”) 

RQ5 

Most helpful AA 
management activities in 
reducing the number of 
AAs 

N/A N/A AA management activities RQ5 

Factors for the 
effectiveness of reducing 
the number of AAs 

N/A N/A Text  RQ5 

 

B.4 Checklist used in the case study 
(1) Ensure adequate integration of the study into the course topics 

The objective of the case study is to validate the effectiveness of the AAM 
process in the context of requirements engineering and architecture design, while 
the goal of the course is to help students to acquire knowledge of requirements 
engineering and architecture design, and practice the learned knowledge in the 
course project. As evidenced in the systematic mapping study (see Chapter 2), 
assumptions should be managed from early stages (e.g., requirements engineering 
or software design [13][27][103]) of software development, and AAs are related to 
various types of artifacts (e.g., requirements and design decisions). Therefore, the 
case study is consistent with the topics of the course, and the course project is 
reasonable for meeting both the research and course objectives. We integrated AAs 
and their management (i.e., the AAM process) into the course. We also motivated 
the students by elaborating on the value of the case study from a pedagogical point 
of view (e.g., why AAs are important and need to be managed). Furthermore, we 
integrated the AAM report as part of their project report (i.e., an important part for 
their final grades of the course). 

(2) Integrate the study timeline with the course schedule 
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The course started on 20/09/2016 and ended on 29/11/2016. The case study 
started on 27/09/2016 and ended on 29/11/2016. Except for the first week (i.e., 
20/09/2016 – 26/09/2016, preparation), the students spent nine weeks (not full-
time) on their projects, including using the AAM process to manage AAs. The case 
study timeline was integrated with the course schedule. Furthermore, the students 
were asked to submit a project report, including an AAM report, every two weeks 
(i.e., four iterations in total) during the course. In the AAM report, we asked each 
group to log the time (per subject) they spent on individual AA management 
activities. We also created a discussion group using a chat tool QQ36 for all the 
students to discuss issues they had regarding the course topics and provide 
feedback to them. Furthermore, we clearly stated that each student should spend 
at least five hours per week on their projects, including at least one hour on 
communicating with their customer teams. Thus, we partially reduced the risk that 
the quality of their work in the case study was impacted by other courses the 
students had to attend. 

(3) Reuse artifacts and tools where appropriate 

This case study is a further step of our previous work on AAs and their 
management (e.g., see Chapter 2 and Chapter 3), and therefore we reused some 
artifacts (e.g., documents) from those studies.  

(4) Write up a protocol and have it reviewed 

We iteratively designed, developed, and reviewed a protocol of the case study, 
which followed the guidelines proposed by Runeson and Höst [80]. We also 
presented the case study design in a meeting with eight software engineering 
researchers, and collected feedback from them to improve the design. 

(5) Obtain subjects’ permission for their participation in the study 

We obtained the permission of all the students before the case study (i.e., the 
course project), explained the plan of the course and the tasks the students need to 
perform at the beginning of the course, and stated that the data collected for the 
course (e.g., their background information) would be kept confidential. 

(6) Set subject expectations 

We explained the purpose of the course as well as the benefits for attending 
the course to the students. We made sure to not mention any information to the 
students that could bias the results of the case study. For example, we integrated 
the AAM process into requirements engineering and architecture design as a 
natural part of the course, instead of telling the students that we would evaluate a 
new approach (i.e., the AAM process). Furthermore, we clearly mentioned the time 
the students need to spend on their project, i.e., at least five hours per week. 
Finally, the grading criteria for the project report (including the AAM report) were 
clearly specified and provided to the students. 

(7) Document information about the experimental context in detail 

                                                           
36 http://im.qq.com 
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We collected background information of the students through a questionnaire 
(see Section 4.4.3). We also presented to the students the goals of the course, the 
included topics, and the teaching methods employed in the course. 

(8) Implement policies for controlling/monitoring the experimental variables 

Since we did not compare approaches or tools (e.g., two or more groups of 
students that use different approaches or tools), the educational value for the 
students was the same. When groups of students were formed, we did not allow 
self-grouping, because it may cause problems such as creating an unrealistic 
context [96]. We grouped the students according to their student numbers to 
maximize the randomness. Furthermore, we elaborate on data collection and 
analysis procedures in Section 4.4.3 and 4.4.4 respectively. We note that data 
collection was performed in a non-invasive way (i.e., as part of the students 
deliverables). 

(9) Plan follow-up activities 

At the end of the course, we discussed with the students regarding the 
objective of the case study as well as the potential threats to the validity, answered 
all the questions (e.g., related to the case study) from the students, and collected 
their feedback on this study. The discussion was also helpful for the students, 
because they acquired knowledge about, for example, empirical research. 

(10) Build or update a lab package 

We developed a lab package (in Chinese) for the course, which contains all the 
details of the case study, and can be used for future work. 
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Appendix C – Appendix to Chapter 5 

Table 98. The welcome page of the survey 

This survey aims to investigate the concept of Architectural Assumption in industrial practice, in 
order to align research efforts towards supporting practitioners to better manage architectural 
assumptions. 

 

An example of assumptions from everyday life: when reserving a wedding party, you assumed that 
80% of the total 100 people who were invited would attend the party, and based on this assumption, you 
decided to book 7 tables and 1 spare table in the restaurant. 

 

All the personal information collected in this survey will be kept confidential. Furthermore, the 
report derived from this survey will be available for all participants that wish to receive it. 

 

Answering the survey may take about 15-20 minutes. Thanks a lot in advance for your support! 

 
Table 99. Questions on demographics of the survey 

ID Questions on Demographics Type of Answers 

DQ1  Which country are you working in? Free text 

DQ2  What is your educational background (highest 
degree obtained)? 

BSc / MSc / PhD / Others 

DQ3  (Multiple Choice) What are your main tasks in 
your company? 

Project management / Requirements 
elicitation & analysis / Architecture 
design / Detailed design / Coding / 
Testing / Others 

DQ4  What is your experience (in years) working in IT 
industry? 

Free text (Integer >= 0) 

DQ5  What is your experience (in years) in software 
architecting? 

Free text (Integer >= 0) 

DQ6  Have you ever received any professional 
training (i.e. excluding higher education) related 
to software architecture or software design? 

Yes / No 

DQ7  What is the size of your company (number of 
employees)? 

<10 / 10-50 / 50-250 / >250 

DQ8  (Multiple Choice) What is the domain of your 
company? 

IT services / Embedded system / E-
commerce / Financial / Healthcare / 
Telecommunication / Retail / 
Insurance / Other domains 

DQ9  What development methods were (commonly) 
used in your projects? 

Free text 

 
Table 100. Specific questions of the survey 

ID Specific Questions Type of Answers 
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SQ1  Are you familiar with the term Architectural 
Assumption? 

Yes / No 

SQ2  Have you ever used this term in your work? Yes / No 

SQ3  How did you use this term in your work? Free text 

SQ4  (Optional Question) Can you provide your definition 
of architectural assumption (brief description in 1-3 
sentences)? 

Free text 

SQ5  Can you provide an example of architectural 
assumptions (or examples if you think there are more 
than one types) according to your understanding? 

Free text 

SQ6  How would you grade the importance of architectural 
assumptions in software architecting? 

Unimportant / Of little 
importance / Moderately 
important / Important / Very 
important / No idea 

SQ7  How would you grade the importance of architectural 
assumptions in the software development lifecycle (i.e. 
from requirements analysis to software maintenance)? 

Unimportant / Of little 
importance / Moderately 
important / Important / Very 
important / No idea 

SQ8  Have you ever identified architectural assumptions 
(e.g., recognized existing architectural assumptions or 
came up with new architectural assumptions) in your 
projects (e.g., in architecture design)? 

Yes / No 

SQ9  How did you identify architectural assumptions in 
your projects? If an approach and/or a supporting tool 
were used, can you briefly describe them? 

Free text 

SQ10  (Multiple Choice) During the identification of 
architectural assumptions, what kind of challenges did 
you face (if any)? 

Lack of management support / 
Lack of approaches / Lack of 
tools / Lack of time / Lack of 
experts of architectural 
assumptions / Lack of guidance 
/ Making assumptions 
implicitly without being aware 
of them / Other reasons 

SQ11  (Multiple Choice) What are the major reasons that 
hindered you from identifying architectural 
assumptions in your projects? 

No time / No benefit / Costs 
outweigh benefits / Lack of 
approaches / Lack of tools / 
Other reasons 

SQ12  Have you ever described architectural assumptions 
(e.g., explicitly described architectural assumptions in 
a document or a wiki) in your projects? 

Yes / No 

SQ13  How did you describe architectural assumptions in 
your projects? If an approach and/or a supporting tool 
were used, can you briefly describe them? 

Free text 

SQ14  (Multiple Choice) During the description of 
architectural assumptions, what kind of challenges did 
you face (if any)? 

Lack of management support / 
Lack of approaches / Lack of 
tools / Lack of time / Lack of 
experts of architectural 
assumptions / Lack of guidance 
/ Making assumptions 
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implicitly without being aware 
of them / Other reasons 

SQ15  (Multiple Choice) What are the major reasons that 
hindered you from describing architectural 
assumptions in your projects? 

No time / No benefit / Costs 
outweigh benefits / Lack of 
approaches / Lack of tools / 
Other reasons 
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Appendix D – Appendix to Chapter 6 

D.1 Examples of the AADF viewpoints 
 

Table 101. An example of the Architectural Assumption Evolution viewpoint 

Iteration Description 

i the project manager assumed that “The management subsystem would be deployed in an 
(secure-enough) internal environment” (Assumption: AA1). Then the architect assumed 
that “It might not be necessary to consider the external security (such as broken access control 
and cross-site scripting) of the system” (Assumption: AA2), because of AA1. 

j the project manager considered “Deploying the system directly on Internet”, and AA1 
and AA2 became invalid. 

k AA1 was modified to “It is uncertain whether the management sub-system would be 
deployed directly on Internet”, and AA2 was modified to “External security of the system 
may need to be considered”. 

l the customer confirmed AA1 and AA2 turning them into requirements: “The system 
would be deployed directly on the Internet” (Requirement: R1), and “The external security 
of the system should be considered” (Requirement: R2). 

m according to R2, the architect assumed that “Data validation and data encryption might 
be enough to support the external security of the system” (Assumption: AA3). 

n AA3 was turned into a decision: “Data validation and data encryption were used for the 
external security of the system” (Architectural Design Decision: ADD1). 

 



Appendix D 

 

 336 

 
Fig. 58. An example of the Architectural Assumption Evolution viewpoint 

 
Table 102. An example of the Architectural Assumption Detail viewpoint 

ID AA1 

Name Response time of the system 

Description The response time of the system should be within 2 seconds 

State Valid and Added 

Rationale The assumption is made based on the architect’s experience and knowledge. 

Pros High usability 

Cons Extra effort (such as testing, hardware) 

Invalidity reason N/A 

Stakeholder Related stakeholders: YC, FT, JY, PX, SC, TY, WL, LX, YY 

Affected by HT 

 

D.2 Definitions of the context elements in AADF 
 

Table 103. Definitions of the context elements in AADF 

Name Definition 

Iteration i Iteration j Iteration k Iteration l Iteration m

AA2 
Added

AA2 
Invalid

R2

AA3 
Added

ADD1

AA2 
Modified

AA1

Iteration n

AA1 
Invalid

AA1 
Modified

R1

is caused by

is caused by

Architectural
assumption

Requirement

Architectural
design 
decision

Transformed

Transformed

Transformed
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Stakeholder Individuals, teams, organizations, etc., who have an interest in a system [1]. 

Artifact A piece of information that is produced, modified, or used by a process [35]. 

Risk Characterized by the probability of an event that will result in a negative impact plus a 
characterization of the negative impact on a project [3]. 

Requirement The needs and constraints placed on a software product that contribute to the solution 
of real-world problems [3]. 

Architectural 
design decision 

A restructuring effect on the components and connectors that make up the 
architecture, design rules imposed on the architecture and resulting system as a 
consequence of the design decision, design constraints imposed on the architecture, 
and a rationale explaining the reasoning behind the decision [24]. 

Component An independent unit with well-defined interfaces and dependencies that can be 
composed and deployed independently [3]. 

 

D.3 Case study design 
 

Table 104. Questionnaire about the basic information of the subjects and the selected projects 

Question Type of Answers 

What is your experience (in years) working in software-intensive 
systems? 

Integer >= 0 

How long (in years) have you worked in the current company? Integer >= 0 

What is your experience (in years) in software architecting? Integer >= 0 

Have you ever received any professional training (i.e., excluding higher 
education) related to software architecture or software design? 

Yes / No 

Can you describe the selected project? Free text 

What is the duration of the selected project? Months 

What is the team size of the selected project? Persons 

What is the size of the selected project? Person-hours 

How many lines of code of the selected project? Integer >=0 

What is the development process employed in the selected project? Free text (e.g., Agile 
Development and 
Iterative Development) 

 
Table 105. Questions for interview 

RQ1: How easy is it to understand the AADF viewpoints? 

IQ1. To what extent are you able to use AADF in your projects without any help (easy, 
moderate, or difficult)? 

IQ1.1 Which aspects of AADF are you unsure about? 

IQ1.2 Which aspects would you require further training? 

IQ2. How easy is it for you to understand the AADF viewpoints (easy, moderate, difficult)? 

IQ2.1 If it is moderate or difficult, what made it difficult for you to understand the AADF 
viewpoints? 

IQ2.2 Which AADF viewpoint is the easiest for you to understand? 

IQ2.3 Why do you think this AADF viewpoint is the easiest for you to understand? 
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IQ2.4 Which AADF viewpoint is the most difficult for you to understand? 

IQ2.5 Why do you think this AADF viewpoint is the most difficult for you to understand? 

IQ3. Have you encountered any difficulties to understand the AADF viewpoints? 

IQ3.1 What are the difficulties you encountered to understand the AADF viewpoints?  

IQ4. What do you think is the best way to understand the AADF viewpoints (e.g., watching a 
video)? 

IQ4.1 How important is the quality of the learning material for understanding the AADF 
viewpoints? 

IQ5. How important is the time spent for understanding the AADF viewpoints? 

IQ5.1 How much time do you expect to spend on understanding the AADF viewpoints? 

IQ6. How important is the architecting experience for understanding the AADF viewpoints? 

IQ6.1 How does the architecting experience influence understanding the AADF viewpoints? 

IQ7. Are there any other factors that would influence your understanding to the AADF 
viewpoints? 

RQ2: What is the effort for creating the AADF views? 

IQ8. When using Office Excel templates to create the AADF views, is the effort acceptable to 
you? 

IQ8.1 Which AADF view took you the most time to create? 

IQ8.2 What makes it difficult for you to create this view? 

IQ8.3 Which AADF view took you the least time to create? 

IQ8.4 Why this view is the easiest for you to create? 

IQ8.5 If you use another tool (e.g., pen and paper) to create the AADF views, are the views 
that took you the most time and the least time the same as using Office Excel templates? 

IQ9. Did you collect the information from existing project documentation to create the AADF 
views or just created the views from what you can remember? 

IQ9.1 How easy is it for you to collect the required information from e.g., documents or your 
memory for creating the AADF views?  

IQ9.2 Which information (e.g., state and the related requirements) is the easiest for you to 
collect when creating the AADF views? 

IQ9.3 Why do you think these types of information are the easiest to collect? 

IQ9.4 Which information is the most difficult to collect when creating the AADF views? 

IQ9.5 Why do you think these types of information are the most difficult to collect? 

IQ10. Do you like to create the AADF views using Office Excel templates? 

IQ10.1 If no, which tool would you prefer to use to reduce the effort for creating the AADF 
views? 

IQ10.2 If yes, how easy is it to create the AADF views with Office Excel templates? 

IQ11. How important is the quality of the existing project documentation for creating the 
AADF views? 

IQ11.1 Which documentation is the most important for creating the AADF views? 

IQ11.2 Why do you think the xx documentation is the most important for creating the AADF 
views? 

IQ12. How important is the architecting experience for creating the AADF views? 

IQ12.1 How does the architecting experience influence you for creating the AADF views? 

IQ13. How important is the project context (e.g., project domain, project size, and team size) 
for creating the AADF views? 

IQ13.1 How does the project context influence you for creating the AADF views? 

IQ14. Are there any other factors that would influence your effort for creating the AADF 
views? 

RQ3: Does AADF effectively help architects to identify risks in projects? 

IQ15. Were you able to identify any risks by creating the AADF views?  

IQ15.1 If yes, can you describe the identified risks? 

IQ16. Which AADF views can help you to identify risks? 
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IQ16.1 Why the AADF views can help you to identify risks? 

IQ17. Which types of risks (e.g., architectural risks and management risks) can be identified 
through using the AADF views? 

IQ17.1 How did you identify xx risks (e.g., architectural risks) when using the AADF views? 

IQ18. How important is the time spent for identifying risks? 

IQ18.1 How does the time spent influence identifying risks? 

IQ19. How important is the architecting experience for identifying risks? 

IQ19.1 How does the architecting experience influence identifying risks? 

IQ20. Are there any other factors that would influence your identification of risks? 

RQ4: Does AADF effectively help architects to understand AA in projects? 

IQ21. Were you able to understand the AA from the views documented by your colleague? 

IQ22. Which AADF view is most useful for you to understand AA and why? 

IQ23. Which AADF view is least useful for you to understand AA and why? 

IQ24. Do the created AADF views cover all the information you need in understanding AA of 
a project?  

IQ24.1 What details are easy to understand when reading the AADF views?  

IQ24.2 What details are not easy or are missing in the AADF views? 

IQ25. How important is the time spent for understanding AA? 

IQ25.1 How does the time spent influence your understanding of AA? 

IQ26. How important is the architecting experience for understanding AA? 

IQ26.1 How does the architecting experience influence your understanding of AA? 

IQ27. How important is the project context (e.g., project domain, project size, and team size) 
for understanding AA? 

IQ27.1 How does the project context influence your understanding of AA? 

IQ28. Are there any other factors that would influence your understanding of AA? 

 
Table 106. Data items collected for answering the RQs 

Interview 
question 

Scale 
type 

Unit Range RQ 

IQ1 N/A  N/A  Easy / Moderate / Difficult RQ1 

IQ1.1 N/A  N/A  Text RQ1 

IQ1.2 N/A  N/A  Text RQ1 

IQ2 N/A  N/A  Easy / Moderate / Difficult RQ1 

IQ2.1 N/A  N/A  Text RQ1 

IQ2.2 N/A  N/A  AADF viewpoints RQ1 

IQ2.3 N/A  N/A  Text RQ1 

IQ2.4 N/A  N/A  AADF viewpoints RQ1 

IQ2.5 N/A  N/A  Text RQ1 

IQ3 N/A  N/A  Yes / To some extent / No RQ1 

IQ3.1 N/A  N/A  Text RQ1 

IQ4 N/A  N/A  Watching a video / Reading documents / Training 
by a coach / Discussing with team members 

RQ1 

IQ4.1, IQ5 - 
IQ7 

N/A  N/A  Text RQ1 

IQ8 N/A  N/A  Yes / To some extent / No RQ2 

IQ8.1 N/A  N/A  AADF views RQ2 
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IQ8.2 N/A  N/A  Text RQ2 

IQ8.3 N/A  N/A  AADF views RQ2 

IQ8.4 N/A  N/A  Text RQ2 

IQ8.5 N/A  N/A  Text RQ2 

IQ9 N/A  N/A  Only documents / Only memory / Both RQ2 

IQ9.1 N/A  N/A  Text RQ2 

IQ9.2 N/A  N/A  State / Rationale / Pros / Cons / Invalidity reason / 
Stakeholder / Plan / Related architectural 
assumptions / Related requirements / Related 
architectural design decision / Related system 
components / Related risks / History 

RQ2 

IQ9.3 N/A  N/A  Text RQ2 

IQ9.4 N/A  N/A  State / Rationale / Pros / Cons / Invalidity reason / 
Stakeholder / Plan / Related architectural 
assumptions / Related requirements / Related 
architectural design decision / Related system 
components / Related risks / History 

RQ2 

IQ9.5 N/A  N/A  Text RQ2 

IQ10 N/A  N/A  Yes / To some extent / No RQ2 

IQ10.1 N/A  N/A  Tools RQ2 

IQ10.2 N/A  N/A  Easy / Moderate / Difficult RQ2 

IQ11 - IQ14 N/A  N/A  Text RQ2 

IQ15 N/A  N/A  Yes / To some extent / No RQ3 

IQ15.1 N/A  N/A  Text RQ3 

IQ16 N/A  N/A  AADF views RQ3 

IQ16.1 N/A  N/A  Text RQ3 

IQ17 N/A  N/A  Text RQ3 

IQ17.1 N/A  N/A  Text RQ3 

IQ18 - IQ20 N/A  N/A  Text RQ3 

IQ21 N/A  N/A  Yes / To some extent / No RQ4 

IQ22 N/A  N/A  AADF views RQ4 

IQ23 N/A  N/A  AADF views RQ4 

IQ24 N/A  N/A  Yes / No RQ4 

IQ24.1 N/A  N/A  State / Rationale / Pros / Cons / Invalidity reason / 
Stakeholder / Plan / Related architectural 
assumptions / Related requirements / Related 
architectural design decision / Related system 
components / Related risks / History 

RQ4 

IQ24.2 N/A  N/A  Text RQ4 

IQ25 - IQ28 N/A  N/A  Text RQ4 

 
Table 107. Data items related to subjects 

Data item Scale type Unit Range 
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Time the subjects have worked in software-intensive systems Ratio Years >= 0 

Time the subjects have worked in the current company Ratio Years >= 0 

Time the subjects have been involved in architecting or 
design of software-intensive systems 

Ratio Years >= 0 

Architecture-related training N/A N/A Yes / 
No 

 
Table 108. Data items related to the selected projects 

Data item Scale type Unit Range 

Description of the selected project N/A N/A Text 

Duration of the selected project Ratio Months >= 0 

Team size of the selected project Ratio Persons >= 0 

Size of the selected project Ratio Person-hours >= 0 

Lines of code of the selected project Ratio Lines >= 0 

Development process employed in the selected 
project 

N/A N/A Development 
processes 

 

D.4 Overview of the subjects and selected projects 
 

Table 109. Experience of the subjects at IBO technology 

Data item P1 P2 P3 P4 P5 P6 

Experience in working in software-intensive systems 
(Years) 

13 15 7 10 8 18 

Employment in the current company (Years) 9 10 5 6 5 7 

Experience in architecting or design of software-
intensive systems (Years) 

10 5 6 8 7 15 

Architecture training (Yes / No) No No No Yes No No 

 
Table 110. Basic information of the selected projects at IBO Technology 

Project Duration 
(Months) 

Team size 
(Persons) 

Project 
size 
(Person-
hour) 

Lines of 
code 

Development process 

P1 3 4 2,016 36,000 Waterfall Model 

P2 3 6 3,024 52,000 Agile Development 

P3 6 5 5,220 85,000 Iterative Development 
with Prototyping 
technique 

P4 13 8 15,000 500,000 Waterfall Model 

P5 2 5 1,680 100,000 Waterfall Model 

P6 12 5 10,800 1,000,000 A hybrid process of the 
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Waterfall Model and 
Iterative Development 
with Prototyping 
technique 

 
Table 111. Experience of the subjects at Volvo Cars 

Data item P1 P2 P3 P4 P5 P6 

Experience in working in software-intensive systems 
(Years) 

20 27 30 7 12 20 

Employment in the current company (Years) 3 20 1 1 5 3 

Experience in architecting or design of software-
intensive systems (Years) 

10 20 30 1 5 3 

Architecture training (Yes / No) No No No No No No 

 
Table 112. Basic information and description of the selected projects at Volvo Cars 

Project Duration (Months) Development process 

P1 120 V-Model 

P2 36 V-Model  

P3 120 V-Model  

P4 48 Hybrid process 

P5 36 V-Model  

P6 36 V-Model 
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Appendix E – Appendix to Chapter 7 

Table 113. Questions used for collecting background information of the subjects 

Question 

Your Name? 

What is your experience (in years) working in software-intensive systems? 

What is your experience (in years) in software architecting? 

Have you ever received any professional training (i.e., excluding higher education) related to 
software architecture or software design? 

Can you describe the selected project? 

What is the duration of the selected project? 

What is the team size of the selected project? 

What is the size of the selected project? 

How many code size of the selected project (KLOC)? 

What is the development process employed in the selected project? 

 
Table 114. Questions used in interviews 

RQ1: How easy is it to use ArAM in AA documentation? 

Perceived ease of use 

IQ1. How would you rate the clarity of the interactions with ArAM? 

IQ1.1 Which parts of ArAM are you unsure? 

IQ1.2 Which parts would you require further training? 

IQ2. When using ArAM to document AA, was the effort acceptable for you? 

IQ3. Which parts of ArAM was difficult to use?  

IQ3.1 Why were these parts difficult to use? 

IQ4. Which parts of ArAM was easy to use?  

IQ4.1 Why were these parts easy to use? 

Computer self-efficacy 

IQ5. To what extent are you able to use ArAM in your projects without any help? 

IQ5.1 What are the reasons? 

Perception of external control 

IQ6. Did you use any other resource from your project (e.g., organizational and technical 
resources)? 

IQ6.1 Which resources would be helpful for using ArAM? 

IQ6.2 Is ArAM compatible with the tools you used? 

Perceived enjoyment 

IQ7. To what extent do you think ArAM is pleasant and enjoyable? 

IQ7.1 What are the reasons? 

Experience 

IQ8. How important is architecting experience for the ease of use of ArAM? 

IQ8.1 How does the experience impact the ease of use of ArAM? 

Other factors 

IQ9. Are there any other factors that can impact the ease of use of ArAM? 
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RQ2: How useful is it to use ArAM in AA documentation? 

Perceived usefulness 

IQ10. To what extent ArAM can help you to document AA? 

IQ10.1 What are the reasons? 

IQ11. Does ArAM cover all the aspects of AA documentation? 

IQ11.1 If no, which aspects are missed? 

IQ12. Which parts of ArAM are the most related to AA documentation? 

IQ12.1 Why these parts of ArAM are the most related to AA documentation? 

IQ13. Which parts of ArAM are the least related to AA documentation? 

IQ13.1 Why these parts of ArAM are the least related to AA documentation? 

Job relevance 

IQ14. Which parts of ArAM are the most related to your work? 

IQ14.1 Why these parts of ArAM are the most related to your work? 

IQ15. Which parts of ArAM are the least related to your work? 

IQ15.1 Why these parts of ArAM are the least related to your work? 

Output quality 

IQ16. Can you understand the output of ArAM? 

IQ16.1 If no, which parts of the output are you unsure? 

IQ17. How would you rate the quality of the output? 

IQ17.1 What are the reasons? 

Result demonstrability 

IQ18. To what extent can you communicate the results of using ArAM to other stakeholders in 
your company? 

IQ18.1 What are the reasons? 

Experience 

IQ19. How important is architecting experience for the usefulness of ArAM? 

IQ19.1 How does the experience impact the usefulness of ArAM? 

Other factors 

IQ20. Are there any other factors that can impact the usefulness of ArAM? 

 
Table 115. Data items of background information 

Data item Scale type Unit Range 

Name N/A N/A Text 

Experience working in software-intensive 
systems 

Ratio Years >= 0 

Experience in software architecting Ratio Years >= 0 

Professional training of architecture or design Nominal N/A Yes / No 

Project description N/A N/A Text 

Project duration Ratio Months >= 0 

Team size Ratio Persons >= 0 

Project size Ratio Person-months >= 0 

Code size Ratio Lines >= 0 

Development process N/A N/A Text 

 
Table 116. Data items for answering the RQs 
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Data item Range RQ 

IQ1 Clear / Moderate / Not clear RQ1 

IQ1.1 Text RQ1 

IQ1.2 Text RQ1 

IQ2 Yes / No RQ1 

IQ3 Text RQ1 

IQ3.1 Text RQ1 

IQ4 Text RQ1 

IQ4.1 Text RQ1 

IQ5 I can / To some extent / I cannot RQ1 

IQ5.1 Text RQ1 

IQ6 Yes / No RQ1 

IQ6.1 Text RQ1 

IQ6.2 Yes / No RQ1 

IQ7 Pleasant and enjoyable / Moderate / Not pleasant and enjoyable RQ1 

IQ7.1 Text RQ1 

IQ8 Important / Moderate / Not important RQ1 

IQ8.1 Text RQ1 

IQ9 Text RQ1 

IQ10 Helpful / Moderate / Not helpful RQ2 

IQ10.1 Text RQ2 

IQ11 Yes / No RQ2 

IQ11.1 Text RQ2 

IQ12 Text RQ2 

IQ12.1 Text RQ2 

IQ13 Text RQ2 

IQ13.1 Text RQ2 

IQ14 Text RQ2 

IQ14.1 Text RQ2 

IQ15 Text RQ2 

IQ15.1 Text RQ2 

IQ16 Yes / No RQ2 

IQ16.1 Text RQ2 

IQ17 Good / Moderate / Bad RQ2 

IQ17.1 Text RQ2 

IQ18 I can / To some extent / I cannot RQ2 

IQ18.1 Text RQ2 

IQ19 Important / Moderate / Not important RQ2 

IQ19.1 Text RQ2 

IQ20 Text RQ2 
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