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ArchHypo: Managing Software Architecture
Uncertainty Using Hypotheses Engineering
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Mauricio Ferreira

Abstract—Uncertainty is present in software architecture de-
cisions due to a lack of knowledge about the requirements and
the solutions involved. However, this uncertainty is usually not
made explicit, and decisions can be made based on unproven
premises or false assumptions. This paper focuses on a technique
called ArchHypo that uses hypotheses engineering to manage
uncertainties related to software architecture. It proposes for-
mulating a technical plan based on each hypothesis’ assessment,
incorporating measures able to mitigate its impact and reduce
uncertainty. To evaluate the proposed technique, this paper
reports an application of the technique in a mission-critical
project that faced several technical challenges. Conclusions were
based on data extracted from the project documentation and
a questionnaire answered by all team members. As a result,
the application of ArchHypo provided a structured approach to
dividing the architectural work through iterations, which facil-
itated architectural decision-making. However, further research
is needed to fully understand its impact across different contexts.
On the other hand, the team identified the learning curve
and process adjustments required for ArchHypo’s adoption as
significant challenges that could hinder its widespread adoption.
In conclusion, the evidence found in this study indicates that the
technique has the potential to provide a suitable way to manage
the uncertainties related to software architecture, facilitating
the strategic postponement of decisions while addressing their
potential impact.

Index Terms—Hypotheses engineering, software architecture,
handling uncertainty.

1. INTRODUCTION

HANGES in architecture are still considered bad and dan-
gerous by several professionals, and even adopting agile
methods, this kind of change is not welcome. Uncertainties
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are not usually explicitly recognized, creating false certainty
regarding quality attribute requirements [1] and the solutions
used. This work is based on the premise that uncertainties
related to the software architecture are natural in all stages of a
software project and that, instead of resisting them, a better ap-
proach would be to embrace and manage them. As an analogy,
this perspective shift is similar to the Agile Manifesto!, which,
instead of fighting against changes in software requirements,
proposed using techniques to better deal with them.

Despite the lack of software architecture practices at the
beginning of the Agile movement, more recently, the terms
Agile Architecture [2] and Continuous Architecture [3] have
become more frequent in the literature. Two of the principles
for Continuous Architecture state to “delay design decisions”
and “architect for change.” However, defining which decisions
could be delayed or where the design can benefit from a more
flexible solution is not trivial. In fact, time is an important
dimension when designing an architecture [4], and planning to
distribute its decisions and development through the iterations
is crucial, especially for software solutions that are in constant
evolution.

This paper focuses on a technique named ArchHypo to
identify and manage uncertainties related to software archi-
tecture. It is based on hypotheses engineering, a parallel for
requirements engineering, encompassing techniques to handle
hypotheses to guide experiment-driven software development.
ArchHypo evolved from the refinement of a set of patterns
that document agile practices for software architecture [5], [6],
which have been disseminated to the software development
community in talks at several international events and used
in several projects in the industry. The first written report on
the use of this technique shows how it impacted architectural
decisions in a software startup over a period of 10 months [7].
In this experience, the technique was used for decision-making,
but it was not incorporated into the development process.

Our objective is to propose ArchHypo as a technique inte-
grated into the development process to manage uncertainties
related to the software architecture. To achieve this goal, we
adopted the design science methodology [8]. In this context,
this paper describes the target artifact, ArchHypo, in detail and
presents an empirical evaluation of it through its application in
a critical project in a Brazilian software development company.
This study aimed to understand the impact of the ArchHypo
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technique in a real and challenging project, identifying the bene-
fits of its use and the obstacles to its adoption. We collected data
from several sources, including hypothesis assessment and evo-
lution, architectural tasks included in the application backlog,
and an open questionnaire with all team members. Evaluating
the results, we could observe how the hypotheses were handled
throughout the project, leading to a distribution of architectural
work throughout the iterations. Additionally, different sources
of evidence indicate that it contributed to the project’s success.
On the negative side, changes in the way of working and the
learning curve were the main challenges to overcome in the
technique’s adoption.

II. AGILE APPROACHES FOR SOFTWARE ARCHITECTURE

Agile methodologies propose several practices to improve
code quality and reduce the costs of changes. In test-driven
development (TDD), developers create unit tests before pro-
duction code in short cycles, focusing on creating the simplest
solution for the current test suite [9]. The act of decoupling
the classes for unit testing increases modularity, and the auto-
mated tests created are further used for regression testing [10].
Refactoring is another essential technique in the agile context.
By continuously restructuring the code to improve its quality
without changing its behavior, agile development teams can
maintain a good design favoring changes and the application
evolution [11].

These techniques are essential to keep the code ready to
change according to customer feedback and to deliver software
in small cycles. However, this claim might not be valid when
changes in the architecture are involved. Some architectural
decisions, e.g., the distribution of physical components, layer
division, and framework use, can be so entangled in the code
that any unanticipated change can be impractical [12]. Conse-
quently, several teams adopting agile methodologies practice
an upfront design for the architecture [13], limiting the kind of
change that can be embraced. Since the identification and docu-
mentation of requirements in an agile project occurs throughout
the project, the information available at the beginning of the
project is usually insufficient for all the necessary architectural
decisions.

Although the beginning of the “agile movement” can be
traced back to 2001 with the publication of the Agile Manifesto,
a study carried out almost ten years later (2010) revealed that
existing agile methodologies describe very sparsely how to
handle architecture [14]. It also showed a lack of scientific
support for agile claims and the need for more agile practices
focused on software architecture, as shown by existing evidence
based on practitioners’ experience. Indeed, in the same year, an
industry report [15] advised agile practitioners to find the right
balance for architecture work, making architectural decisions
at the most responsible moment and not at the last possible
one. However, a systematic approach for effectively integrating
architecture within agile practices had yet to be developed.
In 2013, Zdun et al. [16] presented practices for sustainable
architectural decisions based on a case study. These practices

focused more on documenting, justifying, and tracking deci-
sions, not enabling an evolutionary architecture. In other words,
they aimed to sustain the decisions, making their respective
rationale reachable and reproducible for similar cases, but not
necessarily the architecture sustainable.

A grounded theory study conducted in 2015 interviewed 44
participants, including experienced architects, senior develop-
ers, team leaders, and development managers [13]. As a re-
sult, most participants believed that an agile team must find
an appropriate trade-off between a full up-front architecture
design and an emergent design. However, no technique was
suggested to guide developers in that direction. Furthermore, a
systematic mapping study published in 2016 [17] investigated
54 publications related to agile and architecture. None of the
techniques mentioned in the studies had been widely used.
The most frequently used approach, “Iterative Architecture Ap-
proach”, was discussed in only four studies, and most of the
approaches (74.4%) were used in only one study. These studies
underscore the lack of consensus in both academia and industry
on how to handle software architecture in agile projects.

Moreover, more recent publications mention that working
with software architecture in an agile environment remains
challenging. In 2018, Hasselbring [18] reported that the ten-
sion between the agile and architecture communities was still
reasonably high. The authors observed runtime adaptable mod-
els and techniques to keep architecture knowledge up-to-date
for long-living software systems as critical issues for properly
integrating architecture work into agile software development.

Building upon this, a 2019 paper by Dragicevi¢ and Bosn-
jak [2] delves deeper into these complexities, identifying the
balance between agility and architecture as a key challenge.
The paper advocates for an evolutionary design approach in-
corporating continuous and lean principles prioritizing quality
attributes.

Yong [19] discusses agile software architecture and the ne-
cessity for a lightweight, flexible strategy to meet shifting re-
quirements. Pang [20], [21] applies software engineering design
concepts to agile architecture, emphasizing the requirement for
a robust architecture that allows iterative and incremental de-
velopment in large business IT systems. The articles emphasize
the necessity for flexible and adaptable software architecture in
agile contexts and the changing nature of software development.

The terms “continuous architecture” [22], “continuous ar-
chitecting” [23], [24], “evolutionary architecture”, and “lean
architecture” [2] are used in the context of continuous software
development and refer to a constant activity of architectural
design. Evaluating works that used that term, the conclusion
is that these terms can be used as a synonym for the term
“agile architecture” [25], as they refer to the same kind of
practice. An interview study conducted with five large software
companies [26] confirmed that the current practices of agile
development methods are not enough to support the continu-
ous evolution of the architecture. In conclusion, agile methods
did not originally cover architectural practices. Furthermore,
no consolidated approach has been accepted by industry or
academia until now. Designing sustainable architecture poses a
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significant challenge, especially in domains where innovation
is a part of business.

III. HYPOTHESES ENGINEERING

In the last decade, there has been a growing interest in experi-
mentation in software development. This concept is defined as a
process of continuously validating product assumptions, trans-
forming them into hypotheses, prioritizing and testing them
following the scientific method to support or refute them [27].
It comprises several techniques, such as iterations with proto-
types, gradual rollouts, controlled experiments, or even problem
and solution interviews. Therefore, in this context, the word
“experiment” is not bound to scientific meaning, but points
to a broader concept of data-driven rather than opinion-based
decision-making.

Since this phenomenon has emerged in the industry, re-
searchers have proposed models to describe how companies
engage this concept in their development process. Two ex-
amples are the HYPEX (Hypothesis Experiment Data-Driven
Development) model [28] and the RIGHT (Rapid Iterative value
creation Gained through High-frequency Testing) model [29].
When comparing these models, a study [30] showed that they
share a typical order of steps. First, based on the customer,
user, and market’s current understanding, the team identifies,
specifies, and prioritizes hypotheses to be tested in the process.
Then, the team designs an experiment to evaluate one or more
hypotheses, followed by the execution of the experiment and
data collection. Finally, it analyzes the results, updates the hy-
potheses, and returns to the first step based on acquired learning.
The first step consisting of identifying, specifying, and prior-
itizing hypotheses was called Hypotheses Engineering (HE),
which is parallel to Requirements Engineering, given its role
in guiding software development employing experimentation.
The proposal of HE emphasizes the importance of these hy-
potheses in guiding the entire experimentation process. It is im-
portant to stress that, as mentioned above, experiments are not
restricted to controlled experiments and, therefore, hypotheses
are considered as a broad term related to assumptions and not
only as suppositions or proposed explanations to be validated
using statistics.

A grey literature review [31] identified techniques for han-
dling hypotheses in the context of software startups, which were
possible to classify into five activities: elicitation, specification,
prioritization, analysis, and management. A recent study devel-
oped by our research team reports a technique named HyMap
to identify initial hypotheses of a software startup using cog-
nitive mapping [32]. Based on the resulting map, it is possible
to systematically create hypotheses regarding these dynamics.
Although good results were obtained by identifying hypotheses
related to functional aspects, this technique does not focus on
system architecture aspects.

1V. RESEARCH METHOD

Centered on discovery-through-design, the main focus of
Design Science Research (DSR) is on problem-solving by de-
signing innovative artifacts to meet practical needs identified

from a given domain [33]. The term “artifact” used herein
is broadly defined as constructs (vocabulary and symbols),
models (abstractions and representations), methods (algorithms
and practices), and instantiations (implemented and prototype
systems). DSR has its roots in the sciences and engineering
of the artificial [34]. In the past years, DSR has been widely
adopted by the Information System community and associated
areas, such as Software Engineering and Computer Science.
DSR is commonly used in these areas to produce new ideas
to improve people’s and organization’s ability to adapt and
succeed in constantly evolving environments in the scientific
and technological paradigms [35]. This work applies the DSR
framework as presented by [36] to propose the ArchHypo tech-
nique and evaluate its usage.

A. Design Science Research Rationale

Our research design is based on the seven guidelines for DSR
proposed by Hevner et al. [36] presented below.

G1. Design as an artifact. DSR must produce a viable arti-
fact in the form of a construct, model, method, or instantiation.
Itis satisfied because the target artifact of our study is a software
development technique.

G2. Problem Relevance. The objective of DSR should be
to develop technology-based solutions to important and rele-
vant business problems. This requirement is fulfilled by the
importance of managing uncertainties in software architecture
design.

G3. Design Evaluation. The utility, quality, and efficacy of
a design artifact must be rigorously demonstrated with well-
executed evaluation methods. To this aim, we evaluated the arti-
fact was performed in a real project, as described in Section VI,
collecting evidence regarding the technique use from several
sources.

G4. Research Contribution. An effective DSR must pro-
vide clear and verifiable contributions in the areas of the design
artifact, design foundations, and/or design methodologies. This
requirement was fulfilled by the fact that approaches based
on hypothesis management are innovative and their investiga-
tion generates research contributions in the field of software
engineering.

GS. Research Rigor. DSR relies on rigorous methods in both
the construction and evaluation of design artifacts. To this aim,
we employed research rigor in the design process and evaluation
as detailed in Sections IV-B and VL.

G6. Design as a search process. The search for an effective
artifact requires utilizing available means to reach desired ends
while satisfying laws in the problem environment. In this re-
gard, the design process followed for the technique construction
is described in Section IV-B. We also stress that it is based
on existing hypothesis engineering approaches and patterns for
software architecture practices.

G7. Communication of research. This guideline states
that DSR must be presented effectively both to technology-
orientated as well as management-orientated audiences. To this
aim, besides the current research paper describing the tech-
nique and reporting the evaluation results, we have performed
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presentations describing the technique at conferences for audi-
ences from both industry and academia.

B. Target Artifact Design

The target artifact is ArchHypo, a method based on hypothe-
ses engineering to manage uncertainties related to the software
architecture. It emerged from a set of patterns related to soft-
ware architecture practices used in agile projects [5], [6], further
incorporating concepts related to hypothesis engineering [27].
Furthermore, the patterns and ArchHypo were shared with the
community through presentations at events and professional
training and used by projects in the industry (more details in
Appendix I). ArchHypo is described in Section V.

The first documented usage of this technique was in a soft-
ware startup [7], in which the architectural hypotheses helped
guide the evolution of the software architecture. In this experi-
ence report, after 10 months from the identification of the hy-
potheses and the elaboration of the technical plan, an evaluation
was conducted of how they influenced the architecture. In this
case, the architectural hypotheses were used as a guide by the
startup founder but were not directly used in the development
process. This experience happens in parallel with the one re-
ported in this paper, and the results of one did not influence
the other. Therefore, the study presented in this paper is part of
broader work aiming at the development of ArchHypo.

The introduction of ArchHypo in the company development
process started with an analysis of the process in place, followed
by an initial proposal of adaptations to include ArchHypo ac-
tivities. A new version of the company process was presented
to the project participants in a training workshop, and some
improvements were made based on the feedback received. This
final process was then reviewed, documented, and disseminated
internally in the company. This process is described in more
detail in Section VI, together with the evaluation method.

V. ARCHITECTURAL HYPOTHESES FOR UNCERTAINTY
MANAGEMENT - ARCHHYPO

This section presents ArchHypo, a method based on hypothe-
ses engineering to manage uncertainties related to the software
architecture. This approach aims to provide a more systematic
way of managing the uncertainty related to the software ar-
chitecture during a software project, enabling the distribution
of decisions and architectural tasks through its iterations. This
approach contributes to implementing two principles for Con-
tinuous Architecture [3], [22]: i) “delay design decisions” and
ii) “architect for change”. ArchHypo does not aim to control
all architectural activities and decisions since other existing
techniques can be applied when there is no uncertainty involved.

A. ArchHypo Overview

The first step is to identify hypotheses that represent uncer-
tainties related to the software architecture. This uncertainty
represents a lack of information, which would be necessary for
an architectural decision. They can be related to requirements

but also to current or candidate solutions. The identified hy-
potheses are then evaluated according to their uncertainty level
and impact. While the uncertainty level reflects how far the
team is to refute or accept the hypothesis, the impact represents
the effort needed to change to a different alternative. This as-
sessment is relative to the other hypotheses and is performed
qualitatively by the team, normally using a three- or five-point
scale.

Based on the assessment, the team should create a plan to
handle each hypothesis, usually with the aim of reducing the
impact or uncertainty. For example, isolating the part of the
system affected by the uncertainty is a way to reduce the impact,
and acquiring more information that can aid in decision-making
is a way to reduce uncertainty. The steps of each technical
plan are considered in each iteration planning, and the result
of its execution is used to update the hypothesis evaluation.
When there is no more uncertainty, the hypothesis is removed.
The team should also discuss whether new actions are needed
in the technical plan.

Postponing an architectural decision because of uncertain
factors can by itself be a decision that can bring negative con-
sequences. While ArchHypo does not aim to be a technique
that will prevent them completely, it provides mechanisms
that expose explicitly the uncertainties and support the team
in evaluating the respective trade-offs in identifying the most
responsible moment [5] for that decision. For instance, in cases
with a high impact, the team might choose to make the decision
as soon as possible. Additionally, when the decision is delayed,
ArchHypo also suggests techniques that empower the team to
reduce the impact of possible negative consequences.

B. Architectural Hypothesis

An architectural hypothesis represents any uncertain state-
ment relevant to the software architecture design. According
to the definition of hypothesis, it is based on limited evidence,
and the goal is to use it as guidance for further investigation.
An important characteristic is that it should be falsifiable, i.e.,
the possibility of proving it false exists. Unlike a requirement
statement, which is usually assumed as true when written [1],
by using the word “hypothesis”, it becomes clear to the whole
team that it represents uncertainty.

Since ArchHypo focuses on hypotheses that can influence
architectural decisions, their source can be directly or indirectly
related to uncertainties in quality attribute requirements or the
solutions involved in this decision. The first case is when the re-
quirement is based on limited evidence or lacks some important
details. For instance, the requirements for data storage might not
be known due to the lack of information on the system usage.
Moreover, another example is that the system should import
data from another source, but the details of the format and qual-
ity of this data are still unknown. This uncertainty in the require-
ments can be related to future business possibilities, considering
that it is not desirable to make a decision that would limit
future choices. The second source of uncertainty is related to
unknown consequences of the current architecture components
or to the candidate solutions being considered. An example of
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a hypothesis might be whether the cloud provider where the
application is deployed is compatible with the component being
considered for cryptography.

The hypotheses can be formulated as simple and direct state-
ments that express the current beliefs of the development team.
Some works propose templates to formulate hypotheses [37]
stressing, for example, the need of an interrogative voice for
hypotheses. We do not see any incompatibility in adopting
them in the context of this technique, however, in our expe-
rience with the technique, we preferred to write the hypoth-
esis more freely to reduce the friction in the adoption of the
technique.

In the context of this technique, we highlight that the concept
of hypothesis differs from requirements. While a hypothesis
can directly relate to a requirement, that would not always be
the case. For instance, in a requirement that states that the
system should be able to process 1000 simultaneous requests,
the uncertainty lies in the requirement itself if this number
is unknown. Conversely, in an authentication requirement that
states that it should use an existing single sign-on component,
the uncertainty could lie in its compatibility with the access
control framework. In this second case, the hypothesis will
be related to the requirement but different from it. In other
cases, the hypothesis might be related to comparing solution
alternatives or refactoring possibilities, which may not even be
connected to a particular requirement.

Uncertainties are frequently associated with risk, used in
techniques such as the risk-based approach for quality require-
ments [38]. However, there is an essential difference between
them. Although risk represents the probability and impact of
a given event, uncertainty represents the lack of information to
make a decision. For example, in the case of a hypothesis about
the direction of the business strategy or the suitability of a set of
solution candidates, there is not necessarily an unexpected event
involved but rather a need for more information for decision-
making.

Finally, to clarify another possible misconception, a hypoth-
esis does not directly represent an architectural decision. Even
though hypotheses are important for architectural decisions,
it is imperative to note that these concepts are distinct. For
instance, in a requirement about an external system that should
be accessed through a new protocol, the hypothesis might be
related to its compatibility with the transaction management
component being considered. In this case, the hypothesis differs
from the decision to use the component, but it indeed should
be considered when making this decision. Furthermore, the
techniques used to handle this hypothesis might lead to deci-
sions about how this component should be integrated into the
architecture, not as a definitive decision about its adoption but
as a way to reduce the impact of a possible future replacement.

Given the difference between the architectural hypothesis
and the other concepts highlighted in the previous paragraphs,
ArchHypo differs from other existing approaches. This tech-
nique considers that uncertainty can be accepted and managed,
guiding the focus of architecture tasks along the project. When
uncertainties are explicitly stated and communicated, the de-
velopment team deals with them in a different way, planning

actions to prevent them from bringing negative consequences
to the project.

C. Assessment of Uncertainty Level and Impact

After elicitation, each hypothesis is assessed regarding its
uncertainty level and impact. These two assessments are inde-
pendent of each other and aim to provoke a reflection on the
hypothesis, allowing a qualitative comparison with the other
hypotheses and helping to choose techniques for handling it.
This assessment does not aim to evaluate these characteristics
precisely, so a simple three-point scale (Low, Medium, High)
or a five-point scale (adding Very Low and Very High) can be
adopted. Other hypotheses can be used as a basis for a relative
score.

As mentioned before, the uncertainty level reflects how far
the team is from refuting or accepting the hypothesis. For ex-
ample, in a hypothesis regarding the feasibility of integration
with a third-party system, the uncertainty would be high if the
team had no information about the protocol to access the data.
Accordingly, it would be lower if it is known that it uses a
REST-based API, but there is little information about its authen-
tication mechanism. It is essential to note that the uncertainty
level differs from probability, which is commonly used for risk
assessment. Both a very high and a very low probability would
reflect that the team is close to more accurate information that
can be used for decision-making, which means low uncertainty.
Consequently, the uncertainty would be high if there is a lack of
information to estimate this probability or when the alternatives
had a similar chance to happen.

On the other hand, the impact represents the consequences
and costs when there is a need for changing to a different
alternative. The development effort is a common factor to be
considered when evaluating the impact, but others, such as
costs with infrastructure and loss of income, might also be
considered. In a hypothesis about the number of simultaneous
users that the system needs to support, the waste of resources
for the infrastructure might be considered for the impact in the
case of a lower number of users. Moreover, system slowdown
(with its negative consequences for the business) and the effort
to migrate to a more suitable infrastructure are types of impacts
to be considered in case of a higher number.

D. Elaborating a Technical Plan

An important part of ArchHypo is to create a plan for han-
dling the hypotheses. This plan comes from the pattern Plan
for Responsible Moments [5] and following the same
terminology, we use the name Technical Plan when referring
to it. The plan can include one or more actions that might aim
to: (a) definitely accept or refute the hypothesis; (b) reduce the
uncertainty; (c) reduce the impact; or (d) define a criteria to
postpone its handling.

The hypothesis can be accepted or refuted when the uncer-
tainty is completely removed. When that point is reached, the
architectural decision can be made following the existing tech-
niques. An approach based on “trial and error” is implementing
a candidate solution. If this solution is tested and the respective
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uncertainty is removed, the team does not need to handle that
hypothesis further.

Another approach is to reduce the uncertainty by obtaining
more information regarding the hypothesis in a way that allows
the development team to proceed with more confidence. Di-
verse types of experiments [39], such as customer surveys, A/B
experiments, and fake door tests, can be employed to validate
requirements, identify consequences, and compare solution al-
ternatives. Software analytics approaches that bring data-driven
decision-making into software engineering processes [40], [41]
are helpful when the software already has a version where mea-
surements can be collected. It can assist in identifying relevant
metrics about a given quality attribute of the system that can
provide insights about the target hypothesis.

Architectural Spikes and Tracer Bullets are
patterns documented in the pattern collection that originated
this technique [6]. They propose different ways of exploring
solutions, also providing a way to reduce uncertainty. Archi -
tectural Spikes are small technical experiments created
to prove or disprove feasibility or to evaluate a property of
a given solution. On the other hand, a Tracer Bullet is
an architecturally significant feature that helps to exercise and
demonstrate an end-to-end path inside the architecture, aiming
to evaluate how new technologies could be integrated. While
in the spike, the problem is explored in an isolated environ-
ment, when a Tracer Bullet is developed, the team mem-
bers use a feature inside the target system as a reference for
experimentation.

Besides the alternatives to interfere with the uncertainty, there
are also techniques that can be used to reduce the impact. For
example, by adopting a modular structure, it is possible to iso-
late in a component the part of the code that would be affected
by a hypothesis. Several patterns can be used in that direction.
For instance, Anti-corruption Layer [42] can be used
to reduce the impact of uncertainties regarding the integration
with a legacy code. Moreover, aspects, dynamic proxies, and
interceptors [43] can separate a crosscutting concern related to
a hypothesis from the rest of the code. Isolating what would
potentially be affected by the rest of the application facilitates
changes in the future, either by refactoring or replacing that part.

Other flexible solutions can also be adopted to reduce the
impact. For instance, deploying the application in a cloud en-
vironment that provides elasticity is an alternative to deal with
uncertainty in the application load [44]. Using self-adaptive ar-
chitectural solutions [45] is another alternative in that direction.
Since flexible solutions usually have a higher associated cost,
the hypotheses can help to evaluate the trade-offs in adopting
this kind of solution early in the project.

Another type of action that can be assumed is to make small
modifications in the software engineering activities to imple-
ment guidelines that can reduce the impact or the uncertainty
level. Examples of types of guidelines are: (a) include people
with certain knowledge in activities or decisions; (b) retrieving
some additional information before an activity; (c) executing
some test or validation after an activity; and (d) adding con-
straints or recommendations on how an activity is executed. For
example, before the inclusion of new libraries in the project, a

guideline could include an activity to retrieve information about
its compatibility with cloud providers. As another example of
a guideline, it might define that a security specialist should be
included in the design of solutions that include data exchange
among different systems. The implementation of the guideline
tailors the development process with small adjustments focused
on handling the hypotheses, allowing the team to gather more
information to reduce the uncertainty or take precautions that
can decrease the impact.

The last approach that can be used to handle the hypothesis is
to use strategies that define criteria to decide when they should
be handled. For instance, Architectural Trigger [6]
defines a condition based on a quality attribute that defines
when the team should pay attention to a given hypothesis. For
example, a trigger related to the application’s scalability can use
the number of simultaneous accesses. Another pattern that can
be adopted is Agile Landing Zones [46], which are a set
of criteria used to monitor and characterize the “releasability”
of a product. They are similar to release criteria with tolerances
in acceptable values, giving some flexibility in defining what is
“good enough”. Having a Agile Landing Zone close to
the minimum value can be used as criteria to move forward in
other strategies for handling a related hypothesis.

This work is aligned with the idea that good solutions come
with combining technical expertise with creativity [47], [48].
So, these techniques are not designed to provide ready-to-use
recipes but simply to point in the right direction. For exam-
ple, there is much room for creativity when finding a flexible
approach to reduce impact or suggesting process small adjust-
ments that can reduce uncertainty.

VI. EVALUATION METHOD

This study aims to evaluate the usage of ArchHypo in a
realistic context, so we are guided by the following research
question:

How does using ArchHypo for architectural uncertainty
management impact a software development project?

To answer this research question, we introduced ArchHypo
for a development team to use it in a real project and evaluated
its usage’s consequences. For this study, we did not consider
any initial assumption and followed an inductive approach to
identify the main benefits and challenges of the technique usage
[49], [50], [51]. The suitability of this evaluation approach is
justified by the real-life context being considered. Additionally,
the boundaries between the phenomenon and the context are
not clearly evident [49], which in this study are respectively
ArchHypo and the software development context, such as team,
company, project, and processes.

The study started with an exploratory phase, in which we
analyzed the company’s current process entry points, proposed
process changes to use ArchHypo, and reached an agreement on
the changes with the development team. Additionally, we held
a workshop to train the team on using the technique. In the next
stage, we selected a project to implement the adjusted process.
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We collected data about the software development activi-
ties planned and executed during the project and just after the
product’s first release. The collected data also included the
hypotheses, their assessment, and their respective technical plan
activities. Additionally, we designed and distributed a question-
naire to the project team to identify and extract more detailed
data and insights into the technique’s effects according to the
team members’ perceptions.

A. Company and Project Description

The company where the evaluation study took place is named
Jetsoft, described in more detail in Appendix II. The reasons for
this choice were: (a) it adopts an agile process compatible with
ArchHypo; (b) one of the authors had the autonomy to make
changes in the development processes; (c) there was a mission-
critical project in which the technique could be applied.

In May 2022, due to the request for changes in the structure
of budget accounts, the development of a new version of the
Budget Proposal system of the Planning and Management Sec-
retariat (PropSEP) was required. Its mission is to receive and
integrate all data from other systems participating in the budget
and provide functionalities that allow for the budget’s analysis,
definition, formalization, and approval. Initially, requirements
were established for structural modifications to the data model,
technological evolution to improve usability and user experi-
ence, and improved performance during data integration and
loading. Finally, the deadline for the new version to go into
production was the beginning of August 2022, guaranteeing all
the reliability and interoperability required by the production
environment. As a reference, the approved budget of the State
of Sdo Paulo, processed by this system for the 2023 fiscal year,
was 317 billion Reais (BRL)?.

The context in which the system is inserted presents several
challenges related to, for example, achieving strict deadlines
imposed by the legislation, including decrees and amendments,
processing and storing large volumes of data, and fulfilling
rigorous quality requirements, such as usability, performance,
security, and reliability. When we analyzed all the challenges
imposed by the environment and the demands of the project
requirements, we considered it an interesting scenario to im-
plement ArchHypo.

All members of the development team graduated from com-
puter science-related fields, and most of them had certifications
in the technologies used in the project, such as Oracle, Web-
Sphere, and GeneXus. Their individual experience is presented
in Table III. The domain was not familiar to the team members
since another team had maintained the previous application.

The development used a low-code platform called GeneXus,
which generated the final application in Java. To have a dimen-
sion of the application size and complexity, at the end of the
project, it was composed of 819 objects inside the platform: 288
procedures, 149 structured data types, 74 external objects, 73
transactions, 73 data views, 70 web panels, 65 data providers,
and 22 subtype groups. All of these objects have associated

2equivalent to 60 billion USD as of December 29, 2022

code created in a proprietary language of the platform. Only
the dedicated application database was composed of 73 tables
that had 1390 attributes and 105 indexes. It is important to
note that even when developed on a low-code platform, the
application has complex rules and a significant amount of code.
The architecture uses a MVC-based layered architecture that ex-
plicitly separates concerns about visualization, business rules,
and database access. The view is implemented by web panels,
the controller by procedures and data providers, and the model
by transactions and structured data types. Modularization was
also implemented in a functional dimension, separating the
elements from small groups of features.

A relevant contextual factor that brought complexity to the
project was related to the requirements for interoperability with
other systems, which were maintained by other teams and used
different technologies. The system interoperates with seven
other systems using the following strategies: access to REST
services, direct access to the application database, and the gen-
eration of scripts for the initial data load.

B. Integration of ArchHypo Into the Process

The study began on May 1%, 2022, with an assessment of
the process in place at the company before our intervention
and by informally collecting feedback from the team. To this
aim, we held weekly meetings with the team for a month. This
step was essential to understand the scenario better. During
data collection, one of the observations was that the process
already encompassed some practices and activities to deal with
architectural requirements. We then created an analytical report
with the main challenges and adaptations to include ArchHypo
activities. The analysis served as input to create a new version
of the process with the inclusion of the necessary modifications.

Subsequently, we held a one-day ArchHypo Training Work-
shop with all project participants to present the updated process.
We carried out training sessions and incorporated some points
of view and improvements as they emerged. Finally, the process
model was validated and internally disseminated as a guideline
to support development.

Following this, we met with those involved to understand
better the project’s characteristics. We evaluated the challenges
posed by quality attribute requirements, such as performance,
security, reliability, and usability, in addition to the constraints
of a two-month development schedule.

On May 30", 2022, one of the researchers participated in
the Requirements refinement meeting ceremony, which lasted
approximately two hours, facilitated by the Scrum Master, in
the presence of the Product Owner (PO), the Architect, and the
Developers. The Backlog, which consisted of functional and
quality requirements, was refined and prioritized, and its items
were estimated. The Architect employed a shared spreadsheet to
record the hypotheses as they were defined. The following day,
one of the researchers engaged in a Sprint-0 Kick-Off Meet-
ing, a ceremony that lasted approximately eight hours. During
this meeting, the PO detailed a priority backlog item, and the
architect presented the identified architectural hypotheses and
assessed their uncertainty level and impact. Subsequently, the
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team established the technical plan for each hypothesis. The hy-
pothesis information was kept in a spreadsheet in a shared
folder available to the entire team. In parallel, the developers
added the respective tasks to the Kanban board implemented on
Trello to refine them later. These tasks received labels regarding
the respective hypothesis and the technique employed (among
those described in Section V-D).

On June 1%, 2022, the team started the project’s sprints,
which lasted seven business days each. At the beginning of each
sprint, the team participated in a Sprint Planning, in which the
architectural tasks were prioritized in the backlog. Some tasks
that were out of the development team’s scope, like the ones
that required gathering more information with the clients, were
assigned to the business analyst. During the Daily Meetings,
the developers updated the status of these tasks and discussed
possible adaptations when needed.

At the Sprint Review ceremony, the team discussed the qual-
ity of the package delivered, followed by the Sprint Retro-
spective, where they discussed how the process was carried
out, including the adaptations to ArchHypo. Finally, at the
Quality Management Meeting Ceremony, where the PO, the
Architect, and the Scrum Master were present, the entire team
discussed the result of the executed tasks and reevaluated the
uncertainty level and impact score for each hypothesis accord-
ingly. The team removed hypotheses when their uncertainty
reached a minimal level. For the remaining hypotheses, the team
discussed adjustments in the technical plans.

The project consisted of six sprints until its completion on
July 28", 2022. On August 1%, 2022, the final version of
the product was released into the production environment as
planned. Throughout August, one of the researchers partici-
pated in the Product Support Service, and the system was mon-
itored, seeking to identify non-conformities and improvements
in incidents reported by users.

C. Data Collection

As part of the evaluation method, we used of multiple data
collection methods, as suggested by Wohlin and Rainer [51].
First of all, we collected all the work by-products created or
other artifacts used during the project execution, including doc-
uments directly related to ArchHypo. The artifacts collected
were:

* project management documents: digital Kanban board
(Trello) history, user stories, incident reports, burndown
charts, and product owner task log;

* communication artifacts: e-mails and instant messaging
(Skype) conversation history;

¢ ArchHypo artifact: spreadsheet containing the hypothe-
ses and their evaluations throughout the project.

Besides that, the first author of this paper participated in the
project ceremonies, i.e., he was a participant-observer. In this
data collection method, “the researcher essentially becomes part
of the team and participates in key activities” [52]. The choice
of having the participant-observer was to ensure that the Arch-
Hypo method was adopted and used correctly. We also un-
derstand that this choice has a trade-off: a direct interaction

between the researchers and the team can introduce a researcher
bias. To avoid that, we kept the interference to the minimum
and focused on clarifying doubts and guiding the team on
the correct usage of the technique. Moreover, the results also
discuss the learning curve and the autonomy of team members
in the application of the technique.

Finally, at the end of the project, an open-ended questionnaire
was administered to understand the participants’ perceptions
of the technique. The questions asked the participants: (a) to
describe the technique, (b) how it differs from the way they
used to work, (c) what benefits and difficulties it brought to the
project, team, and product, (d) how it affected other practices,
and (e) if they intended to use it in another project and why.
The answers aim to provide a view of the changes brought by
ArchHypo compared to the participants’ previous experiences.

The company gave the researchers full access to all the
above-mentioned documents and authorized the team members
to freely discuss their experiences using ArchHypo. Although
the company allowed this material to be used in the study
and to present the hypotheses and the respective technical plan
elements, the researchers were not authorized to make the com-
plete participants’ answers publicly available.

D. Data Analysis

Data analysis combined a systematic analysis and sense-
making of the collected documents and a thematic analysis [53]
for the answers to the questionnaire.

For document analysis, the first step was to become familiar
with the data. To achieve this goal, the first author, who was also
the participant-observer in the project, explored and noted down
ideas, read and re-read the six versions of the hypothesis record-
ing spreadsheet, making it possible to revisit the classification
and evolution of statuses, level of uncertainty and impact. He
also considered the notes regarding the technical plans, seeking
to better understand the validated scenario, the descriptions of
the hypothesis, and the sprint planning. In the next step, he
browsed the product backlog notes the PO recorded, organizing
the architectural items. He thoroughly examined the history of
tasks imported from the Trello tool used by the team, classified
the support history by the type of incident reported by users,
and identified which quality attribute was referenced. Finally,
he scanned the PO action history and categorized the refinement
tasks with the customer regarding the hypothesis and the quality
attribute met. Based on that, the data was grouped by character-
istics and relevance, with 64 items identified: 10 hypotheses, 6
quality attributes, 7 architectural practices, 6 sprints, 35 tasks,
6 PO actions, and 46 support reports.

To analyze the support reports, we individually read the prob-
lems reported by the users and searched for issues that could be
related to any of the hypotheses. In cases where a connection
was found, we went deeper into the problem and solution for
that support item to check if it was related to the uncertainty
represented by the hypothesis. Since the company does not
adopt a classification for the support reports, we considered the
dates on which they were created and solved as a reference for
their complexity.
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TABLE I
OBSERVED EVENT TYPES DURING THE PROJECT
DEVELOPMENT AND MAINTENANCE PHASES

Events types Quantity
Development phase
Client validation meetings 10
Daily meeting 12
Informal collection of team feedback 7
Meetings to adapt the process to ArchHypo 4
Other on-demand meetings 13
Quality management meeting 6
Requeriments refinement meeting 15
Sprint planning 6
Sprint retrospective 6
Sprint review 6
Sprint-0 Kick-Off Meeting 1
Maintenance phase
Other on-demand meetings 8
Product support service 30

For analyzing the answers to the questionnaires, we applied
thematic analysis, which consists of a flexible process of six it-
erative phases to identify, analyze, and interpret convergences in
qualitative data [53]. The six phases are: familiarizing yourself
with your data; generating initial codes; searching for themes;
reviewing themes; defining and naming themes; and producing
the report [53].

VII. RESULTS

This section presents the results of the empirical study.
It aims to present a general view of the data collected. It includes
the list of observed events, hypotheses evolution, technical plan
tasks, issues raised after the delivery date, and the codes ex-
tracted from the team members’ responses to the questionnaire.

A. Farticipation in Events

Table I presents, in alphabetic order, a summary of the events
in which the participant-observer [52] participated during the
project. During these events, the author supported the team in
the adoption and implementation of the technique and observed
team dynamics, the environment, and the project challenges.
From these observations, no data were collected. However, they
were used to gain contextual knowledge to interpret the data
obtained by other means.

The events are divided into two periods: the development
phase, between May 1 and July 28", 2022, and the mainte-
nance phase, between August 1* and September 8%, 2022. Two
types of events important for the adoption of the technique were
the ArchHypo training workshop and the meeting to adapt the
process to the technique, which occurred at the beginning of the
project. The hypotheses were initially identified at the Sprint-0
Kick-Off Meeting and were further discussed and updated at
the Quality Management Meeting, which took place at the end
of each iteration. It is important to highlight that among the
meetings classified as “on-demand”, some were requested by
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Fig. 1.
iterations.

Evolution of hypotheses uncertainty and impact levels across

the development team to clarify the usage of the technique.
Another important point to clarify is that all iteration meetings,
such as Spring planning and reviews, were covered. However,
in more frequent ones, such as daily meetings, only some were
observed.

B. Hypotheses Documentation

Throughout the project, we examined the management and
evolution of hypotheses through spreadsheet documentation.
Fig. 1 depict the progression of the hypotheses’ uncertainty
levels and impact assessments, respectively. The hypotheses are
listed in Table II, and their respective details, like motivation
and core technical plan elements, are in Appendix III. In the
project, there are hypotheses related to six different quality
attributes®.

We could observe that 50% of the hypotheses with the highest
levels of uncertainty and impact were handled and solved in
the first half of the project, i.e., at the end of the third sprint.
This points to a focus of the team’s efforts on items that are
more important to the project’s progress. We also found that
two hypotheses, which could potentially have a high impact

3Team productivity refers to the speed at which a new feature can be
developed in the system, which depends on several factors in the development
process and software architecture.
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TABLE II
HYPOTHESIS IDENTIFIED IN THE PROJECT

ID Statement Quality
Attribute
HI It is posm.ble to process batches of 1Gb per Performance
minute using just one server.
The components used in the system can be
H2 integrated with the government Single Sign-on Security
protocol.
It is possible to identify any inoperability in the
H3  subsystems and deal with it without user Reliability
intervention.
H4 The integrity of data obtained f.ror'n extemal ' Reliability
systems can be assessed to avoid inconsistencies.
It is possible to maintain compatibility with both o
H> the old data format and the new one. Flexibility
With a short online training, a user of the old .
169 system will be capable of using the new one. ey
H7 The core functionalities of the system will be in Team
production on the target date. Productivity
The core features of the system will not be
H8 unavailable after the system enters production Reliability
because of critical bugs.
The client approval needed before implementing Team

H9  a solution will not become a productivity Productivity

bottleneck.
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Fig. 2. Distribution of hypotheses technical plan activities by sprint.

on several system components, had actions from their technical
plans being executed from the first to the last sprint.

C. Technical Plan Activities

After analyzing the team iterations backlog and the PO task
list, we identified 41 activities related to the technical plan
for the hypotheses. It is worth highlighting that six of these
activities were executed by the PO, which played an important
role when it required an interaction with the client. Fig. 2
presents the number of activities from a hypothesis technical
plan performed in each sprint.

Each activity was labeled according to the type of tech-
nique used. Fig. 3 depicts the number of tasks related to each
technique. As presented, software analytics and guidelines im-
plementation were used more often. Considering the range of
quality attributes related to the hypothesis and the variety of
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Fig. 3. Distribution of architectural practices in technical plan tasks.

techniques implemented, this project was considered suitable
for evaluating ArchHypo.

D. Issues After Project Release

Users reported 46 issues during the maintenance phase. Of
these, 21 were considered improvement requests, while 25
were identified as bugs. Considering the criteria to evaluate
the issue’s complexity, all of them could be resolved on the
same day they were reported, indicating that the problems were
straightforward to solve.

Regarding the quality attribute related to each issue, the one
with the most occurrences is usability, with 28. An analysis
of the issues revealed that they mostly focused on suggestions
for improvements in the user interface or reporting a compo-
nent presenting an unexpected behavior. Considering that the
hypothesis related to usability (H6) focuses on the adaptation
of the users from the old system, none of the issues was related
to that.

The second quality attribute with the most occurrences was
reliability, with 12 entries. Most of them described problems
with functional features that did not prevent the usage of the
system. One was related to data migration, which was the
target of one of the hypotheses (H4). This problem was in the
data migration script from the external system, which did not
include all the data. Since the solution adopted to monitor the
problems in the data obtained from external systems compared
the received data with the processed data, it did not detect this
problem that was in the script that sent the data. Since it was a
simple issue, the team easily fixed it, but it was considered out
of the system’s scope.

The final quality attribute with entries was Security, with
six of them. Four of them were issues related to access con-
trol, and the other two reported situations in which the system
asked for authentication when a single sign-on token should be
recognized. This issue was solved with a configuration in the
production environment and was unrelated to hypothesis H2,
which targeted the compatibility between the platform’s built-
in component and the single sign-on protocol.

This result was considered a success both by the team and
the client since the system entered the production phase on the
target date. In addition to the reported issues, none of them
were considered critical and prevented the usage of the system.
Furthermore, based on our analysis, none of the issues were
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TABLE III
TEAM MEMBERS AND THEIR EXPERIENCE

Experience with Agile

ID Role
Software Development

P1  Technical Leader 13 years
P2 Developer III 8 years
P3  Product Owner 8 years
P4  Developer II 4 years
P5  Developer II 5 years
P6  Developer III 7 years
P7  Developer I 2 years
P8  Product Manager 13 years

considered to be related to any of the uncertainties represented
by the hypotheses.

E. Development Team Experience

The project team comprised the following roles: product
manager, product owner, scrum master, solutions architect,
technical leader, and developers, as shown in Table III. In total,
12 professionals with an average of 13 years of development
experience in agile software participated in the project. Of these,
eight worked directly on executing the sprints and responded to
our questionnaire.

Based on the questionnaires answered by eight team mem-
bers, a total of 21 codes were extracted. We grouped them into
three categories with respect to the aspects being considered:
people, process, and product, as presented in Table IV. We also
classified the codes into benefits or challenges. From these,
16 represent the benefits achieved by the technique. The other
five codes are related to the limitations or challenges in their
usage, with a greater weight attributed to the pillars of people
and processes. Since all team members who participated in
the project answered the questionnaire, we believe that these
answers represent the team’s view on the experience of using
ArchHypo.

In Table IV, after the code labels are presented, two numbers
are separated by a comma: the first represents the number of
quotes extracted, and the second is the number of participants
in which this code was present. An excerpt to exemplify each
code is also presented.

F. Findings

Based on the level of hypotheses uncertainty assessed in
each iteration by the team members, presented in Fig. 1, it is
possible to see that for some hypotheses, the uncertainty was
eliminated. In this case, these hypotheses were removed from
the management as they do not reflect uncertainty. On the other
hand, for some other hypotheses (H6, H7, H8), even with the
adoption of some techniques, the uncertainty remained until the
last iteration. This fact leads to the first finding.

Finding 1: While some hypotheses are solved in the
course of the project, for others, some uncertainty
remains until the end of the project.

When evaluating the hypotheses that were solved during the
iterations, we observed that most of them capture uncertainties
related to the lack of information from the team related to
components or requirements. In this case, once the activities to
gather this information were performed, the issue was clarified,
and the uncertainty was eliminated. As an example, since H2
was related to the compatibility of a component with the sin-
gle sign-on mechanism, once it was confirmed, the hypothesis
was accepted. The hypotheses that remained until the end of
the project were those that represented uncertainties about the
impact of activities being performed by the development team
on the quality attributes. For instance, the uncertainty related to
team productivity expressed in H7 and about the adaptation of
users from the old system in H6 were managed until the end of
the project.

So, even with some techniques being used to manage the
uncertainty level and impact and having them evaluated as
low or medium, the uncertainty was not completely eliminated.
When a new feature is introduced, these quality attributes can be
affected, so it makes sense to keep these hypotheses monitored
until the end of the project. This finding is relevant since it is evi-
dence that some uncertainties remain until the end of the project
and that, by managing the hypothesis, these uncertainties can
be followed and managed.

Another consequence observed during the project was the
distribution of the activities to deal with the hypothesis through-
out the project iterations. According to what is presented in
Fig. 2, it is possible to note that the first two iterations had a
higher number of tasks regarding the software architecture, but
that number remained stable in the following iterations. This
piece of evidence points to our second finding.

Finding 2: The hypothesis management allowed prior-
itizing and planning architectural tasks distributed in
the project iterations.

The tasks in the first iterations focused on activities that com-
prised the technical plan for hypotheses with high uncertainty
or high impact. For example, if H1 was rejected, it could change
how the software was distributed, generating a high impact.
However, the hypothesis assessment also enabled the team to
understand what could be postponed and planned for future
iterations. For instance, when handling H4, even with a high
impact, the team understood that it had a low interaction with
the rest of the system and dealt with it only in the fifth iteration.
According to four team members, the technique improved the
process by allowing a better prioritization of the activities. One
of them mentioned that it “helped prioritize the backlog” (P1).
Another team member mentioned a practice to be kept in future
projects: “avoiding executing activities that depend on things
with a high level of uncertainty” (P7).

This better planning and division of the architectural tasks
also positively impacted the project management, according to
four respondents. Referring to the previous process used by the
team, P3 mentioned that “things happened catching everyone
by surprise, and that impacted the project scope, delivery
dates, and costs directly”. Also contrasting with the previous
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TABLE IV
BENEFITS AND CHALLENGES OF ARCHHYPO AS PERCEIVED BY THE PARTICIPANTS
Code Excerpts
People
Benefits

Self organization (11,4)
Technical capacity (6,4)
Concentration on objectives
(1.5)

Expert decision making (16,7)

“the technique showed whether the team should have a self-management attitude at the beginning of the project” (P2)
“benefited in the search for technical excellence in the development of the final product.” (P2)

“Using information based on discoveries and experimentation, we identify doubts and assumptions that lead to doing
only what is necessary” (P4)
“It allowed more effective management that can make decisions to overcome risks” (P3)

Challenges

Adapting to changes (15,8)

Learning the technique (14,8)

“initial adaptation/organization with the use of the new technique and difficulties in fitting in and prioritizing new
non-functional tasks at the appropriate time” (P2)

“train the team a little more on how to find, map risk scenarios, and define the necessary actions for each scenario,
allowing decisions to be made in time to overcome risks, would make the team less dependent on the team of architects.
We had a workshop on your use of the technique, but I think it wasn’t enough” (P3)

Process

Benefits

Achievement of Goals (4,4)
Sustainable development (6,3)
Efficiency of the development
process (12,7)

Project management (5,4)

Risk management (23,8)

Prioritization of work (5,4)
Reduction of production costs
(3.3)

Architectural tasks in develop-
ment (5,4)

Expected behavior (3,3)

“If there is uncertainty, experimentation helps measure and achieve key indicators” (P4)
“benefited from predictability, security, transparency, quality, and sustainable pace” (P3)

“Hypothesis management had a positive impact on the entire project development cycle” (P1)

“In this way, I consider it an important technique to evaluate, control, monitor and maximize project success.” (P1)
“the technique to formulate questions and transform them into assumptions along with experimentation helped reduce
risks before the start and during the project progress” (P4)

“benefited from clearer and more detailed visualization of delivery packages” (P2)

“allowed cost reduction and improvement in the final quality of products and processes” (P5)

“collaborating on architectural decisions and practices in system implementation” (P1)

“brought as a benefit to the progress of the project the predictability” (P1)

Challenges

Adjustments to process activi-
ties (2,2)
Mapping risk scenarios (4,2)

“difficulties in including new activities in the process that are not development” (PS8)

“To have the answer to an assumption whether the path is good or not, we carry out tests and build features. During
construction, other assumptions are raised that are sometimes not shared” (P4)

Product

Benefits

Customer satisfaction

Meeting functional
ments (6,5)

Quality of the product delivered
(8.5)

require-

“provided a clear vision of what should be prioritized, seeking to deliver the greatest possible value to the customer”
(P6)

“brought as a benefit to the final product a greater scope in quality and its added value” (P1)

“the developed product met expectations regarding quality and value delivery proposed at the beginning of the project”
(P6)

Challenges

Increased development effort
(5.4

“in the backlog there were previously only tasks with main product functions” (P3)

process, another participant said that “with the technique based
on hypotheses, it became clear and transparent how the project
was progressing” (P2).

Related to this better planning, seven out of eight of them
mentioned that one of the benefits of the technique is an im-
provement in the process’ efficiency. The documentary evidence
showing that all hypotheses were successfully handled and how
the tasks were divided in the iterations corroborates that claim.
Furthermore, there was a consensus among the respondents that
the technique improved the way project risks were handled. Six
participants also mentioned the sustainability of the develop-
ment as a positive consequence. Based on that, we extract the
third finding.

Finding 3: The team perceived an improvement in
process efficiency and risk management by using hy-
pothesis management.

When pointing to an improvement in process efficiency, re-
spondents mentioned that ArchHypo allowed the identification
of points to be prioritized while having enough time to handle
them appropriately. The word “quality” was mentioned by
three participants, while “safety” was mentioned by two of
them in this context. Another point that appears in the inter-
views due to this efficiency was “delivery on time”. Trans-
parency was another important point since “it was positive to



442 IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, VOL. 51, NO. 2, FEBRUARY 2025

provide more transparency during the whole process, allowing
changes in the direction when necessary” (P3). Considering
the context of previous projects where the team was required
to work extended hours to adhere to deadlines, sustainable
development was identified as an advantage by six participants.
One individual noted that “without [ArchHypo], timely delivery
would have been unattainable without reducing the project
scope” (P3).

While the term “process efficiency” was mentioned by the
participants, we cannot be sure if all of them considered the
same meaning when mentioning it. Based on the quotes, it is
possible to understand that safety, transparency, and predictabil-
ity are some qualities considered when pointing to a process
improvement. However, this result reflects the perception of
the team since no measurement was performed to support that
improvement.

All participants pointed out that the ArchHypo, even though
focusing on uncertainties, helped to handle the project risks.
Some participants highlighted how the technique allowed a
vision of important things to be handled in the architecture:
“provide a more clear visualization of the risks that could
threaten the final delivery of the project” (P2); “improvement
of the visibility of the challenges that should be faced” (P7).
Moreover, other quotations also focus on the technical plans to
handle the hypothesis: “it makes possible to elaborate action
plans for each of the scenarios” (P3); “the technique to
formulate questions and transform them into assumptions,
together with experimentation, helped reduce risks before and
during the project” (P6).

In this project, there were hypotheses related to six different
quality attributes: performance, security, reliability, flexibility,
usability, and team productivity. Different types of practices
recommended to compose the technical plan were used to han-
dle the hypotheses. This is represented in Fig. 3. Even if the
strategies adopted followed the types suggested for the technical
plan, the team found creative ways [47], [48] to use them to
reduce impact and uncertainty. That leads to the fourth finding.

Finding 4: Hypothesis related to different quality
attributes were handled using different strategies in
creative ways.

As an example, the uncertainty represented in H1 reflected
the concern that just one server would be enough for data
processing. To handle it, a software analytics activity used the
data from the previous year as a reference, together with the
client projection on how much it would increase, as a strategy to
reduce uncertainty. The technical plan also included a measure
to reduce the impact, which was to structure the application so
that the component that processes the data could be distributed
later. Since uncertainty and impact were considered both high,
the first action from the technical plan was planned and executed
in the first iteration. Based on the measurements performed, the
team concluded that the current infrastructure was enough to
fulfill the performance requirements, and the action to reduce
the impact was considered unnecessary.

Another interesting case was an uncertainty related to usabil-
ity (H6). Users should use the system for mission-critical work
right after its release, and given the user profile, the team was
concerned about their adaptation to the change. The first action
adopted by the team was to search for graphical components
with a look and feel similar to the current system and try to
follow a guideline to maintain the same user interface design
style. In addition, early validation of the screens by real users
was also introduced as part of the development process as a
form of a lightweight experiment. Finally, architectural spikes
were conducted to identify efficient ways to add help mecha-
nisms and dynamic hints when using the system.

In the aforementioned example, it is possible to observe an
instance of the technique referred to as “guideline implementa-
tion”. It was interesting to observe that it was the most used
strategy to handle the hypothesis. By “guidelines”, we refer
to small adjustments, like adding a new activity or providing
recommendations in the execution of the current ones, that tailor
the process to fit a specific need. This leads to the fifth finding.

Finding 5: Defining a guideline that tailors the devel-
opment process to a specific need was the most used
strategy to deal with the hypothesis.

H7 was an important hypothesis in this project focused on
the uncertainty of whether the team would be able to deliver
the software on time. As a complimentary issue, H8 focused on
the uncertainty regarding achieving good software quality since
delivering on time a product with several defects would not be
useful. To balance these forces, the team adopted several guide-
lines. From a programming perspective, the guideline proposed
a more efficient approach to creating functionalities inside the
adopted platform. Considering the iteration planning, another
guideline focused on how functionality should be broken and
prioritized to avoid focusing on something that was not essential
for the product release. Also, regarding team productivity, H9
expressed uncertainty regarding the interaction with the cus-
tomer becoming a bottleneck. Accordingly, a guideline was
agreed upon with the customer, defining which kind of deci-
sions they should be present, giving the team more autonomy
to decide. Finally, also focusing on quality, some guidelines
targeted the automated testing approach, defining how the test
should be created.

An important goal of the ArchHypo technique, which was
confirmed by the development team, is the support for decision-
making. Based on the answers to the questionnaire, the tech-
nique helped the team to identify important goals to focus on
and provided guidance on their achievement. That confirmation
is the sixth finding.

Finding 6: The team recognized that the hypothe-
sis management allowed better architecture decision-
making.

The answers of seven respondents mention an improve-
ment in architectural decision-making. As a reason for this
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improvement, it was mentioned that it “makes the team base
the decisions on information” (P4), “brought as a benefit the
possibility for the team to experiment” (P1), and that “the
technique helped make transparent risks and impacts” (P5).
Referring to the approach used in previous projects, it was said
that team members “were catched by surprise and could not
select the best solution, but the first one” (P1), that “the
focus was to solve the problem with the first solution found,
not the most viable and intelligent”, and “that previously
[decisions] were taken under pressure and driven by defects
found”. On the contrary, a participant mentioned that if one of
the uncertain scenarios goes in an unexpected direction “there
are previously planned paths for the team to follow, avoiding
surprises and fatigue” (P3). One quote that well captured one
of the technique goals was that “it allowed a few decisions to
be anticipated and delayed”, reflecting that it supports the team
in choosing a suitable moment for each architectural decision to
be made.

Five team members mentioned focusing on important goals,
which are important for decision-making, as a positive conse-
quence of the technique’s adoption. In the participants’ own
words, it “directs team effort” (P3) focusing on “what really
matters” (P4) and “tasks that are really needed to create
the proposed solution” (P6). Moreover, respondents not only
highlighted the emphasis on important goals but also acknowl-
edged the contribution of four individuals toward achieving
these objectives. According to one of them, “when facing
uncertainties, the experimentation helps measure and reach
key indicators” (P4). It was also mentioned that the technique
“improved the final quality of products and processes” (P5)
and “make possible to reduce costs and increase the delivery
of value to the client” (P6).

Corroborating this support in decision-making, we also found
evidence of the technique’s contribution to product quality.
From the issues reported in the month after the software release,
we can find documentary evidence of the project’s success.
Based on the reported experience from the team members,
we have evidence that the use of the technique contributed to
product quality and customer satisfaction. That is the seventh
finding identified in the study.

Finding 7: Sources of evidence point that the architec-
tural hypothesis management positively impacted the
product quality.

Evaluating qualitatively the documentary evidence collected
from the issues reported after the software was released into
production, we observed that none of them was related to the
uncertainties represented in the hypotheses. According to the
resolution time, none of them required significant effort to be
solved. The project was released on the target date, and none of
the reported problems prevented the system from being used.

The documentary evidence by itself does not establish a
causal relationship between the project’s success and the adop-
tion of ArchHypo. However, that relationship was pointed out
directly by five team members, as one of them expressed that its
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usage “reflected directly in the quality and delivery date” (P1).
Another participant emphasized that this quality was combined
with other important factors for the client: “predictability, qual-
ity, meeting deadlines, scope, and cost” (P3). In addition, four
respondents also directly mentioned client satisfaction. One
justified the relation with the technique, saying that “a clear
vision of what should be prioritized enhances the delivered
value” (P6) and complementing that it “increased the client
satisfaction when using the product” (P6).

In the process of identifying barriers to the adoption of
the technique, the team members unanimously mentioned two
obstacles. The first was the need to change the process used
previously, which also required a change in culture. Some points
highlighted were the introduction of tasks for the technical
plans mixed with functional tasks in the project backlog and
the introduction of additional activities in the process. These
claims lead to the eighth finding.

Finding 8: Changes in the way of working can be
an obstacle for professionals to adopt hypothesis
management.

A point that was mentioned by several participants was the
introduction of architectural tasks in the backlog and the in-
troduction of architectural aspects in some functional tasks.
According to them, it was difficult to add “architectural tasks
during the development, which was not practiced by the team
in previous projects” (P5). That change in the project “was a bit
confusing when doing estimates” (P7), which was confirmed by
other participants: “it was difficult to fit and prioritize the new
non-functional tasks in the appropriate moment” (P2); “when
implementing architectural tasks with development tasks we
had problems in estimating” (P3). According to one of them,
that “overloaded a bit the development team” (P3), questioning
if “that number” (referring to architectural tasks) “could be
reduced” (P3). Changes in the process were also mentioned
by two participants as a difficulty: “the biggest difficulty was
identifying and measuring the best moment in the process
to introduce new approaches together with organizing the
delivery of new packages” (P2).

Based on some answers, the impression of additional work
comes from the fact that some tasks are considered as “not
related to the final product” (P3). In this case, the team needed
to “relocate resources from development to execute actions
from an action plan” (P8) (referring to the technical plan). That
view is created especially by tasks that gather information, such
as architectural spikes and software analytics. According to a
respondent, “festing scenarios takes time, so prioritizing the
experimentation is hard” (P4).

The second obstacle, pointed out unanimously by the respon-
dents, is the technique learning curve, which can be hard. Even
after understanding how it works, they did not feel ready to
apply the technique in another project without support. “We
have a workshop on the use of the technique, but I think it
was not enough” (P7), mentioned one of them. That sentence
represents the ninth and last finding well.
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Finding 9: Unanimously, the team members considered
the technique hard to learn.

Some members of the development team mentioned difficulty
in “mapping the scenarios with risk” (P3, P7, P8) to the
hypothesis. “How to present the assumptions” (P4) was also
considered difficult, referring to the hypothesis specification.
“Definition of the actions” (P5, P7, P8) to handle the hypothe-
sis was also another point of difficulty raised, as a team member
pointed as hard to “understand the hypotheses as an action
driver” (P5).

Aiming for improvement, one respondent suggested “provide
more training to the team so that we can adhere to the
technique correctly” (P4). This claim is aligned with several
others, highlighting that more training would be needed. This
participant also suggested including other team members in the
process to improve the understanding of the technique, as “the
identification of the hypothesis was initially carried out by the
requirements and architecture area” (P4). Another highlighted
that an improvement in that part “would make the team less
dependent on the architecture team” (P3).

VIII. DISCUSSION

In this section, we discuss our findings, answering our re-
search question “How does using ArchHypo for architectural
uncertainty management impact an agile software development
project?”. Furthermore, we compare ArchHypo with other ap-
proaches existing in the literature and present threats to the
study’s validity.

A. ArchHypo Evaluation

According to the DSR approach, one of the goals of the
evaluation is to verify if the target artifact is fulfilling its goals
and identify improvement points according to the feedback
obtained.

Some of the findings extracted from the study results are
related and somehow aligned with the ArchHypo goals. From
Finding 2, we observed that the technique allowed the project
to avoid an upfront architectural design. Some of the decisions
were made during the iterations after reducing the uncertainty,
which allowed better decision-making (Finding 6). In other
cases, the uncertainties remained until the end of the project
but were monitored by the team, as pointed out by Finding 1.

An improvement in the development process used by the
team was highlighted in Finding 3. The team felt more safety
in having the uncertainties registered and controlled. This im-
provement in the process can also have been influenced by
the guidelines implemented as part of the technical plans. As
indicated by Finding 5, that was the strategy most used to
handle the hypothesis. However, that was only one technique
used in the technical plan. It was not possible to identify any
pattern that matches the techniques to the hypothesis quality
attributes, and the team considered the context of the project
to come up with creative ways to reduce the uncertainty and
the impact (Finding 4). This finding is aligned with works that

highlight the importance of creativity in software development
[47], [48].

Although agile software development practices suggest dis-
cussing and adjusting the development process in team ret-
rospectives, we did not find any literature suggesting using
process adjustments as a strategy to handle specific issues in
the software architecture. In the literature, there are proposals
on software development processes that suggest activities fo-
cused on a specific quality attribute, such as for safety [54]
and usability [55]. However, these works propose processes
to be adopted from the beginning and not small changes and
adaptations that can tailor the process in response to a specific
need. Consequently, observing the frequent utilization of the
“guideline implementation” strategy within the project was no-
table (Finding 5). The responses that pointed to improvements
in the process also corroborate the success of using such a
strategy.

Given all the findings mentioned above, it was expected that
ArchHypo would impact the final product and the project’s
success, which is represented by Finding 7. Although the
documentary evidence showed that none of the support requests
after the release were related to the hypothesis, we extracted
from the answers to the questionnaires that some team members
pointed out a causal relationship between the use of ArchHypo
and the project’s success.

While Agile methods deal well with functional changes,
when these changes are related to the architecture they might
affect the whole application, increasing the development cost or
provoking huge delays. One of the goals of ArchHypo in work-
ing with uncertainties related to the software architecture is to
allow an iterative process while avoiding architectural changes
with a high impact. One might point out that some of the issues
that appeared after the system entered production, such as the
problem in data migration and the errors in access control,
show that some important uncertainties were not considered
in the elicited hypotheses. However, the fact that these issues
were solved in a short time shows exactly the opposite: that the
impact of these issues were low and, consequently, out of the
ArchHypo scope.

The claims that lead to Finding 8 refer to the change in the
way of working as an obstacle, contrasting with others, like
Finding 4 about process improvement. Based on the observa-
tions, during the iterations, the team had the impression that
adding tasks related to the software architecture “generated
much more work” (P7) and also identified difficulties in “in-
cluding new activities in the process that are not development”
(P8). However, by the end of the project, looking at the overall
picture, the team recognized that those additional tasks helped
anticipate problems and prepared the team to handle them with-
out the need to postpone the delivery date or work under high
pressure. Evidence to support this point is also presented in
Finding 6 and Finding 7.

The hard learning curve was also pointed out as an obstacle
in Finding 9. Considering the characteristics of ArchHypo, it is
important to highlight that its adoption requires knowledge of
the field of software architecture. For example, to identify un-
certainties regarding performance and suggest suitable actions
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for the technical plan, it is important to have knowledge and
experience in handling that quality attribute. That could also be
a reason why training in the technique itself was not considered
enough from the perspective of the participants. However, the
training can also be extended, including real-life examples and
more problem-solving techniques. The technique can also ben-
efit from more guidance in creating the technical plan and from
having support tools to manage the hypothesis and execution of
the action plan.

As a concrete action that acts on the issues identified, we
complemented the patterns used as the basis for ArchHypo with
additional patterns that cover practices not yet documented.
These patterns covered the basic practices related to hypothesis
management [56] and the guidelines that perform small adjust-
ments in the development process to deal with uncertainties
[57]. We believe the documentation of such patterns creates a
knowledge base that can help practitioners to learn and apply
ArchHypo more autonomously.

B. Comparison With Other Approaches

The “Iterative Architecture Approach” proposes to embed
architecture design into iterations [17], considering only the
necessary architectural features for the current iteration, avoid-
ing predicting and addressing future requirements. A limitation
of this approach is that future changes in architecture might
have a significant impact. While ArchHypo also proposes to
postpone design decisions, the difference is that uncertainty
is managed instead of just leaving unknown requirements for
future iterations. Both techniques achieve the same result of
dividing the architectural features throughout the iterations.
However, instead of using the priority of the functional features
as a reference and leaving the other ones unhandled, ArchHypo
considers the hypothesis assessment and prioritizes actions that
prepare for the moment to deal with that architectural feature.
In other words, when an architectural decision is delayed, it
does not mean that nothing will be done about it since measures
to reduce its impact can be implemented. This aspect is not
present in the “Iterative Architecture Approach”.

Regarding the division of the architecture work into itera-
tions, another proposal is to create an architecture roadmap
that plans its implementation in the time dimension [4]. How-
ever, unlike this work, which proposes a more fixed architec-
ture roadmap, ArchHypo considers uncertainty and frequently
adapts the plan as the team acquires knowledge.

Several works also point to the flexibility in the architecture
as a solution. For example, Hasselbring [18] points to runtime
adaptable models and techniques as critical issues for properly
integrating architecture work into agile software development.
Pang [20], [21] emphasizes the need for a flexible and adaptable
software architecture in agile contexts. While implementing
flexibility is an important tool to deal with uncertainty, it is
not the only one. While these works consider flexibility as the
main approach to dealing with future changes in architecture,
ArchHypo also adopts other techniques to create the technical
plan and handle uncertainty. Flexible solutions are usually more

expensive to develop and might negatively affect other quality
attributes.

Some of the earlier foundational approaches in managing
architectural concerns are the Architecture Tradeoff Analysis
Method (ATAM) [58] and the Architecture-level Modifiability
Analysis (ALMA) [59]. While ATAM focuses on assessing
consequences of architectural decisions on quality attributes,
ALMA specifically focuses on modifiability, targeting one of
the following goals: predicting maintenance costs, assessing
risks, and comparing architecture alternatives. These techniques
can be considered complementary to ArchHypo since they can
be part of the technical plan to reduce, but not eliminate, the
uncertainty of the impact of an architectural decision in early
project phases. ALMA, in particular, can also be used to choose
a solution to reduce the impact of future modifications that
might be needed due to uncertain factors. Compared to them,
ArchHypo has a different goal since it aims to manage the
uncertainty during the project iterations. It also relies on other
strategies for managing uncertainty, such as delaying an archi-
tectural decision while the potential impact is monitored.

Compared to models, such as HYPEX [28] and RIGHT [29],
ArchHypo can be considered another experimentation model,
similar to the others, i.e., having a similar sequence of steps
(identifying hypotheses, design experiments, execute them, and
analyze the results). However, it is the first model specifically
focused on software architecture, with a particular emphasis
on hypotheses, rather than on features and stategic business
goals. HYPEXs initial step is “the generation of features that
may potentially bring value to customers and that could be ex-
perimented with”. RIGHT emphasizes “assumptions regarding
the actions necessary to bring a product or service to market
that fulfills the vision and is sustainably profitable”. HyMap,
while effective in early-stage startups for identifying functional
hypotheses, does not address the architectural uncertainties that
ArchHypo is designed to manage. This difference in focus com-
plicates a direct comparison between ArchHypo and the other
methods. In addition to that, there are no studies in the literature
regarding best practices to handle a system’s architecture using
a hypothesis-driven design.

ArchHypo considers, to a different extent, all the steps iden-
tified for hypotheses engineering [60]: elicitation, prioritiza-
tion, specification, analysis, and management. In ArchHypo,
the elicitation occurs in the team meeting at the start of the
project, but can continue through the iterations. Impact and
level of uncertainty, which can be determined by an analysis
process, provide an approach for prioritizing hypotheses. For
specification, ArchHypo did not enforce any particular template
for spelling out hypotheses and this aspect was mentioned as a
difficulty in the process by the team members. In this regard,
future work could explore whether specific templates could
improve the results. Using a specific spreadsheet for listing and
updating the status of the hypotheses throughout the project
maps to the management activity of hypotheses engineering.

Another related concept is architectural assumption, which
is defined as “architectural knowledge taken for granted, or
accepted as true without evidence” [61]. These assumptions
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are frequently made by software architects [61] but are gener-
ally left implicit [62], and a systematic approach for handling
them is lacking [61]. ArchHypo is aligned with the view that
implicit assumptions should be made explicit, and it proposes
doing that through hypotheses, which are explicit and testable.
Based on the architectural assumptions literature, ArchHypo
also focuses on a broader scope, including any uncertainty that
might somehow influence the software architecture, proposing
a concrete way to manage and handle hypotheses, representing
a contribution that advances the knowledge in the field.

C. Threats to Validity

To discuss potential threats to the validity of our study and
how we mitigated them, we followed the suggestions of Rune-
son and Host [50] and considered a scheme composed of con-
struct validity, internal validity, external validity, and reliability.
We are aware that some qualitative studies in software engineer-
ing, such as [63] and [64], have used another scheme composed
of transferability, dependability, credibility, and confirmability,
which is associated with a constructive or interpretivist research
paradigm [65]. However, as usually done in software engineer-
ing studies [66], especially given the viewpoint of DSR studies
[67], we adopted a pragmatic paradigm, being “concerned with
action and change and interplay between knowledge action”
[68], which is based on symbolic realism [68] that advocates
the existence of a single reality. Therefore, we deemed it more
adequate to use the scheme suggested by Runeson and Host for
this study.

Construct validity reflects to what extent the operational
measures under study actually represent the intentions of the
researcher [50]. A potential issue is, for example, whether
researchers and interviewees have different understandings of
concepts in interview questions [50]. In this regard, a potential
threat to our study was the questionnaire that the participants
answered at the end of the project and whether they understood
the questions as we expected. This threat is minimal given
that the group was cohesive and one of the authors acted as a
participant observer who could capture the vocabulary used by
the participants. Another potential issue is the uncertainty level
and impact assessment, which consisted of scales comprised of
three possible values. This threat is minimal because the num-
ber of options is small, which could facilitate the participants’
decision, and also because this decision is made by a consensus.

Internal validity concerns causal relations and is threatened
when the cause of one factor is attributed to a second factor,
but the real cause is a third factor that was not considered [50].
To mitigate this threat, we considered multiple sources of data,
i.e., data triangulation. Also, we, as researchers, held regular
meetings to discuss the conclusions obtained from the data
analysis. A specific threat in this regard is related to the correct
application of the technique since the participants had just a
one-day training workshop and pointed to the learning curve
as a drawback. To mitigate that threat, a participant-observer
supported the correct application of the technique during the
project. In the analysis process, the researchers confirmed
using the documentary evidence, such as in the hypothesis

information and planned tasks, that ArchHypo was applied as
expected.

External validity regards the generalization of the findings
and to what extent the results are interesting for others outside
the cases [50]. In this regard, studies that focus on one project
do not rely on statistical generalization as experiments but
rather on analytical generalization [49], [50], i.e., “the results
are extended to cases that have common characteristics [to the
studied case]” [50]. For our study, the case could be considered
typical, cf. [49], since it is a software development company
developing a bespoke system. However, we acknowledge that
the case particularities, such as the development platform and
technologies, might influence the results. This limitation is
common in DSR studies, as stated by Hevner et al. [36]: “the
use of a design artifact on a single project may not generalize
to different environments.” Therefore, we believe that further
studies in other sites could improve this aspect of ArchHypo.

Reliability concerns to which extent the results are depen-
dent on the specific researchers [50]. A potential threat is the
influence of the researcher on the team. We mitigated this threat
by following a systematic approach for the method implementa-
tion, data collection, and analysis. Another possible issue is the
influence of the participant-observer, especially in the training
workshop. To mitigate this issue, we limited our influence on
the participants, answering only their questions and guiding
them according to the practice description.

IX. CONCLUSION

This paper proposed ArchHypo, a technique for managing ar-
chitectural uncertainty integrated into the software development
process. It was evaluated in a mission-critical project to identify
its impact on a software development, focusing on its influ-
ence on architectural decision-making and the improvement
of the software development process. Our analysis indicated
that ArchHypo has the potential to play an important role in
handling uncertainties, particularly those related to incomplete
information regarding system components and requirements,
by executing activities to reduce uncertainty and its respective
impact. The results of the evaluation provide evidence regarding
the technique’s contribution to the successful, on-time release
of the project. Notably, 50% of the hypotheses with the highest
levels of uncertainty and impact were addressed in the first half
of the project, illustrating ArchHypo’s support in prioritizing
and managing critical uncertainties. Conversely, it also provides
guidance in the management of uncertainties associated with
the impact of development activities on some quality attributes,
such as usability and quality, which tend to persist until the
project’s conclusion. This contrast highlights ArchHypo’s ca-
pacity for both resolving specific uncertainties and facilitating
the ongoing management of others, thereby improving archi-
tectural decision-making processes and the agility of project
responses.

Furthermore, the use of ArchHypo provided a systematic
approach for allocating and scheduling architectural tasks
throughout project iterations, as shown by the execution of
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41 activities related to the hypotheses’ technical plan, includ-
ing those requiring client interaction by the Product Owner.
The ArchHypo’s support to task prioritization and planning,
underpinned by hypothesis-driven management, optimizes task
allocation and strengthens the overall project management
framework, providing a strategy for navigating architectural
uncertainties. Feedback from team members highlighted that
using ArchHypo “reflected directly in the quality and delivery
date,” confirming its impact on project outcomes. Its contri-
butions to decision-making processes and process efficiency
underscore the potential for further research on its application
across different organizational and project contexts. Moreover,
investigating tools and methodologies to improve the imple-
mentation of ArchHypo represents an important direction for
research, potentially expanding its applicability to a larger spec-
trum of development teams and organizations.

Future work can evaluate the adoption of ArchHypo in com-
panies and development teams with different backgrounds and
characteristics. These studies can use data collected prior to
the introduction of the technique to be used as a baseline for
its evaluation. To evaluate the acceptance of the technique,
the UTAUT model [69] could be used in the design of future
interview and survey studies. In addition, tools that provide
more guidance on using the technique can be developed to
reduce its learning curve. For instance, plugins of existing tools,
such as Jira and Trello, could introduce support for hypotheses
management. Finally, the introduction of guidelines into the
activities of the development process, which was a valuable
strategy in this project, has not received much support in the
literature. Therefore, future studies can also investigate how
these guidelines can be adopted as an approach to dealing with
uncertainty.
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