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Abstract—Software security is of utmost importance for most
software systems. Developers must systematically select, plan,
design, implement, and especially maintain and evolve security
features—functionalities to mitigate attacks or protect personal
data such as cryptography or access control, to ensure the security
of their software. While security features are usually available in
libraries, additional code needs to be written and maintained to in-
tegrate security features and not all desired features can be reused
this way. While there have been studies on the use of such libraries,
surprisingly little is known about how developers engineer security
features, how they select what security features to implement, and
the implications on maintenance. We therefore currently rely on
assumptions that are largely based on common sense or individual
examples. However, researchers require hard empirical data to
understand what practitioners need and how they view security,
which we currently lack to provide them with effective solutions.
We contribute an exploratory study with 26 knowledgeable
industrial participants. We study how security features of software
systems are selected and engineered in practice, what their code-
level characteristics are, and the challenges practitioners face.
Based on the empirical data gathered, we validate four common
assumptions and gain insights into engineering practices.

I. INTRODUCTION

Considering security in every development phase is a critical [1],
yet challenging task. To secure a software system, developers
must engineer its security features. Security features such
as encryption or access control address security concerns by
mitigating an attack or protecting assets such as personal data,
to prevent malicious actions of an attacker [1]. Security features
must be selected according to the system’s security objectives,
for example according to the CIA triad [2] or the Parkerian
Hexad [3]. Following the literature, engineering of security
features should start with identifying security requirements [4],
[5], [6], continue with secure design [7], [8], [9], [10] and
implementation [11], and end with validation and verification
of realized security features [12], [13]. The research community
invested substantial effort in developing security technologies
and engineering techniques to keep pace with adversarial actors
who continuously discover new vulnerabilities.

Most developers, however, are not security experts [14], [15],
[11]. While libraries are available for a wide range of security
features, developers still have to write a notable amount of
security-critical code to configure and integrate them [16],
[17], [18], which often leads to insecure implementation of
security features despite the use of security libraries [19].
Further difficulties arise when developers must implement
custom security features for which no library is available.

Research so far has focused on individual aspects of the
development of security features in isolation [18], [20], [21],
[11], [19], [22], [17], such as investigating the usability of
cryptographic APIs and its impact on security in controlled
experiments [19]. However, we still lack a holistic understand-
ing of how developers engineer security features in practice
and what the code-level characteristics of security features
are. The absence of hard empirical data has lead to individual,
anecdotal views on the engineering of security features in
software projects, and research commonly makes assumptions
that might not always be accurate, as a recent study shows [14].

To improve software security and base research on valid as-
sumptions, we need a better understanding of how practitioners
engineer security features. In particular, we need to know on
which basis security features are selected and why some are
not implemented. Furthermore, we require an understanding of
how security features are engineered in practice, the challenges
involved, as well as the characteristics of security features. We
identified the following research questions to address this gap:
RQ1: What is the developer perspective on security features,

and what influences security feature selection?
RQ2: How is the engineering of security features embedded

into the software development lifecycle?
RQ3: What are code-level characteristics of security features?
RQ4: What challenges arise in engineering security features?

We conducted an exploratory study using semi-structured
interviews with 26 industry experts. The interviews provide
insights into practices for engineering security features in
software systems. We reason about four common assumptions
in security research, combining insights from our interviews
and observations from existing studies.

We confirm several commonly held assumptions while
revealing significant room for improvement. In particular, we
confirm that developers lack knowledge related to detailed
security concepts, but are still able to realize security features
on a practical level. As a result, many developers struggle with
secure configuration of security libraries. Contrary to popular
belief, security-by-design techniques are used in practice,
but mainly in regulated domains. In general, however, most
companies try to follow security-by-design principles, but are
forced to prioritize system functionality over security features.

II. BACKGROUND AND RELATED WORK

Outside of the security domain, several definitions of “feature”
focus on the distinction between functionalities [23], [24] and



products [25] or customer visibility [26], [27] and value [28].
Security features provide functionalities that address security
issues by preventing a security attack or realizing a security
requirement [1]. They either realize non-functional security
requirements [12] or functional ones, e.g., to handle authentica-
tion, access control, cryptography, and other aspects of software
security [29]. To this end, security features aim to resist, detect
or recover from attacks to a software system [30], or increase
its resistance, tolerance, or resilience against them [31].

To realize security features, Schumacher et al. [32] list
security patterns for different stages of the software devel-
opment lifecycle such as validation, threat assessment, or risk
assessment. An interview study on security testing revealed that
practitioners recommend forming dedicated and specialized
teams to handle security testing [13]. Oyetoyan et al. compared
the security engineering of two agile organizations, finding that
knowledge transfer is essential to increase security but must be
actively approached [20]. One of the main challenges is the sig-
nificant difference in granularity at which security features can
be considered [33], i.e., abstract planning of which information
needs to be protected by which type of security feature, as
opposed to detailed security feature characteristics such as their
configuration. While previous work investigated the extent of
implemented security features in open source projects through
a keyword search [34], no study investigated the code-level
characteristics of security features such as scattering or tangling.

Ryan et al. [14] performed a systematic mapping study to
identify common assumptions in security research containing
contradictory findings. Unlike our study, they do not generate
new empirical data but systematically relate existing data to
identify misconceptions, serving as a primary motivation for
our study. In 2009, Werlinger et al. [35] identified human,
organizational, and technological challenges of IT security
management related to security experience, prioritization,
and tools. Our study reports on which methods practitioners
employ to overcome such challenges, and which challenges
remain. Klivan et al. [36] found that developers of open source
projects rarely communicate their security practices to other
contributors, but expect them to utilize sensible ones. However,
it is unclear if this also applies to companies as well.

III. METHODOLOGY

We first selected assumptions security researchers make about
security engineering in practice, followed by interviews with
practitioners to gain insights on the engineering process.

A. Selection of Assumptions

To identify common assumptions in security research, we
contacted 39 security researchers from 14 institutions and
asked them about “assumptions about security in practice they
typically encounter in their research.” We received responses
both in discussion and in writing from 22 researchers from nine
institutions in various fields. We grouped similar responses and
triangulated them with related work to derive and detail the
assumptions about security in practice. We then formulated
research questions to validate these assumptions.

TABLE I: Interview participants and their characteristics

ID Role Experience Domain

I1 Software Architect 5 years Logistics
I2 Project Manager 8 years Quantum Computing
I3 Software Developer 5 years Antivirus
I4 Project Manager 22 years Automotive Security
I5 Security Engineer 4 years Insurance, Public Sector
I6 Software Developer 7 years Real Estate
I7 Security Engineer 8 years Insurance, Banking, Retail
I8 Software Developer 7 years Logistics
I9 Software Developer 10 years Insurance

I10 Software Architect 6 years Medical, Automotive, Robotics
I11 Software Developer 5 years Systems Management
I12 Security Engineer 6 years Automotive Security1

I13 Security Engineer 4 years Automotive Security1

I14 Security Engineer 6 years Automotive Security1

I15 Software Developer 11 years Medical, Automotive
I16 Software Developer 8 years Manufacturing
I17 Software Developer 4 years Medical, Insurance
I18 Software Developer 5 years Logistics
I19 Software Architect 9 years Banking
I20 Software Developer 15 years Cloud Computing
I21 Project Manager 20 years Cloud Computing
I22 Software Architect 8 years Insurance
I23 Software Developer 10 years Machine Learning, Cloud Computing
I24 Software Architect 15 years Infrastructure, Aerospace, Defense
I25 Software Developer 7 years Manufacturing
I26 Software Developer 3 years Manufacturing

1I12–I14 were part of one focus group

B. Interview Study

We conducted semi-structured interviews [37], [38] with domain
experts to gain insights about engineering security features.
Recruitment. We recruited software developers, software
architects, security engineers, and project managers involved in
at least one phase of the engineering process of security features.
We recruited participants through our personal networks, and
by asking computer science associations and participants
for referrals. We stopped recruiting further participants after
reaching saturation [39]. We treated saturation as being
able to understand the meaning of each code in the coding
process [40]. After interviewing 17 participants, we reached
saturation, which is consistent with the experience of Hennink
et al. [40] of 16 to 24 interviews. Still, we conducted further
interviews to mitigate the risk of reaching saturation by chance.
Participants. Figure 1 shows an overview of the participants,
with further details in the supplemental material [41]. We inter-
viewed 26 professionals in 24 interviews from 15 companies
covering 23 projects across various domains. Seven participants
work as consultants for external companies. Six participants
have experience from multiple domains. Some companies work
on a single product, others build customized software. All inter-
viewed project managers have a strong background in software
engineering, while one has a security background. On average,
participants have 8.4 years of experience in their role, ranging
from three to 22 years. Participants work on diverse types of
software systems, with cyber-physical systems, enterprise soft-
ware, and web applications being the most prominent. We con-
ducted one interview as a focus group with three participants.
Interview Design. Five researchers iteratively drafted the
interview questions by proposing various questions according
to the research questions. The questions were then thoroughly
discussed among the researchers, merged, and refined multiple
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Fig. 1: Overview of participants for the interviews

Introduction

 1. Background (10 questions): What is your professional background?
 What kind of Software do you develop?

 2. Security Features (1 question): What security features do you develop?

 3. Characteristics of security features (5 questions): How large are security features
 in your codebase? How do security features spread over it?

 5. Engineering of security features (10 questions): Which security features are
 implemented through libraries? How do you test security features?

 4. Selection of security features (5 questions): How do you choose what security
 features to engineer? On what basis do you prioritize security features?

 6. Challenges related to security features (8 questions): What are the challenges of
 engineering security features? In which security features do you detect the most bugs?

Outro

We provided our definition of security features

Fig. 2: Outline of the interview guide with sample questions.

times to form the interview guide. Figure 2 shows the resulting
outline of our interview guide with sample question.

(1) We began by asking the interviewees about their
professional background, the software they develop, and the
importance of security in their projects. (2) We then explained,
that “a security feature is a feature implementing a specific
kind of security mechanism to mitigate an attack or protect an
asset such as personal data.”, and asked them to list important
security features, (3) as well as their code-level characteristics.
Then, we inquired about how they handle and communicate
about security features at each development stage, focusing
on (4) selection, prioritization, (5) design, implementation,
testing, and maintenance. (6) Finally, we discussed challenges
in engineering security features, and ways to overcome them.
Analysis. The interviews were recorded with the consent of the
participants and transcribed using Whisper [42], run locally. All
recordings and transcripts were stored only on computers within
the authors’ institution, and only the authors had access to the

Assumption

Theme

Code

Statement [...] it's a trade off between 
cost and benefits. (P11)

You try to have a security level
that is not so extreme that it
costs so much money (P4)

balancing costs and security level

CH3: Developers are unable to implement all security
features due to cost constraints

Maximum security is infeasible in practice
and security features must be assigned priorities

Fig. 3: Illustration of the coding process

data. The transcripts were validated by the first author, who
corrected the transcripts by checking for consistency with the
recordings. Interviews ranged in length from 34 to 95 minutes.

We applied open coding [43] to extract themes out of
the transcribed interviews using the tool MAXQDA [44].
This process is illustrated in Fig. 3. The first author coded
participants’ responses to extract key information from the
statements made during the interview. We then merged codes
to lift them to a theme, which we then mapped to one or
more assumption. To ensure consistency, the first and second
author of this paper discussed the code book in detail.

For each theme, we indicate the number of interviews in
which it was substantiated or contradicted and in which it did
not come up (X agree; Y disagree; Z not mentioned). We
also investigated the influence of roles or domains on each
derived theme. We discuss these explicitly where observed.
Replication Package. We provide our interview guide as well
as our aggregated results in our replication package [41].

IV. COMMON ASSUMPTIONS IN SECURITY RESEARCH

We identified 4 common assumptions that researchers frequently
make and count how often they occurred in their responses.
Assumption 1: Ordinary developers lack knowledge to
securely engineer security features (10 occurences)
Many academics make assumptions about developers’ security
knowledge and ability to perform certain tasks, e.g., security
planning or risk assessment. On the one hand, developers are
rarely considered to be security experts and, therefore, need
tools to help them plan and implement security features [15],
[11]. On the other hand, developers are assumed to be capable
of performing complex security tasks related to security feature
engineering [45], [46]. Such conflicting views on the assump-
tion that “all developers know how to code securely” is also
reflected in previous work [14]. However, we still lack a detailed
understanding of developers’ actual security knowledge.
Assumption 2: (Model-based) security-by-design techniques
are not used in practice (7 occurences)
Various model-based security-by-design techniques have been
proposed, e.g., threat modeling based on data flow diagrams [8],
[47], [48] or various extensions to design languages such
as UMLsec [7]. The literature frequently reports benefits of
the practical application of model-based security-by-design
techniques [49], [50], [51], [52]. Yet, researchers frequently
acknowledge that the adoption of such techniques requires
models that may not be used in practice [53], [48], [54], [55].
A recent empirical study [56] shows that most design-time
security languages extend design models, and therefore,
assume their use. On the other hand, Gorschek et al. show
that design models are rarely used in practice [57].
Assumption 3: Security libraries are complicated to use,
resulting in many vulnerabilities (5 occurences)
Developers have access to a large set of libraries that include
security features. However, complex cryptographic APIs are
commonly assumed to be a main reason for insecure code.
Developers often perceive these libraries as too low-level and



to require a lot of manual implementation to be useful [21].
As a result, they use security libraries in insecure ways,
leading to security issues [19]. To counteract this, tools such
as CogniCrypt [16] analyze the use of cryptographic APIs to
detect insecure usages. While studies draw a concrete picture for
cryptographic APIs, their insights are often generalized. How-
ever, we lack concrete insights on what generally challenges
practitioners when using security features provided by libraries.
Assumption 4: Maximum security is infeasible in prac-
tice and security features must be assigned priorities
(7 occurences)
It is often assumed that organizations will make security a top
priority and apply research results [14]. In practice, however,
resource constraints often force organizations to make difficult
trade-offs between security and functionality. Since complete
security is neither feasible nor desirable due to these constraints,
prioritization between security features seems unavoidable [58],
but has not been assessed empirically.

V. SELECTION OF SECURITY FEATURES AND INFLUENCING
FACTORS (RQ1)

First, we focus on what participants consider a security feature
and how security features are selected in practice.

SSF1: Security features are generally perceived as impor-
tant, but less important than functionality
22 agree; 4 disagree; 0 not mentioned
Participants view security features as important for their
projects, but customers often favor functional features. This
creates challenges in prioritizing security features over
functional ones, particularly with limited resources.

Six interviewees report frequently discussing the need to assign
a higher priority to security features to mitigate costs when
vulnerabilities are exploited with customers. Customers, how-
ever, rarely take these security risks seriously, neglecting the
security of the system which can cause security vulnerabilities.

Seven participants mention customers not seeing security
features as providing business value, thus prioritizing func-
tional features over them: “functionality, performance, security.
That’s the order.” (I6, Developer, Real Estate). Two interviewees
explain that in experimental domains, e.g., quantum computing,
providing functionality is the prerequisite to securing it.

SSF2: Only few security features are of immediate concern
16 agree; 6 disagree; 4 not mentioned
Participants mentioned important security features, includ-
ing cryptography, authentication, and authorization, while
features such as validation and logging are less prominent.

Table II lists the security features mentioned in at least
one interview, while also relating them to the OWASP
Top 10 vulnerabilities. We gathered the security features
mentioned in step 3 of our interview guide in Fig. 2. We also
considered security features mentioned at a later stage of the
interview, separating them from the initial response to identify
potential patterns. This distinction provides an indication that

TABLE II: Security features mentioned more than once

Security Feature Times Named Relation to OWASP Top 10
total asked later

Authentication 18 14 4 A07:Authentication
Cryptography 17 12 5 A02:Cryptography
Authorization 16 10 6 A01:Broken Access Control

Validation 13 5 8 A03:Injection, A08:Data Integrity
Logging 8 2 6 A09:Security Logging

Security Monitoring 7 6 1 A09:Security Monitoring
Session Management 3 1 2 A01:Access Control, A07:Authentication

developers are immediately concerned with security features
authentication, authorization, and cryptography.

Participants perceive cryptography as critical for domains
that handle personal information, such as real estate or banking,
but less so in other domains such as logistics: “Encryption
actually is a very rarely used part in the applications I’m
working with [. . . ] For example, if an external HTTPS API
was used, then that’s encryption, but you actually never get
in touch with that because you just like import the API library
and do the API request and what it does internally, you never
care about as a developer” (I8, Developer, Logistics).

When systems receive input or data from external
sources, data validation, “is always required at the system
boundaries” (I1, Architect, Logistics), especially for security
patterns such as distrustful decomposition or zero trust
architecture. Similarly, eight participants highlight the
importance of logging, e.g., accesses, login attempts or
transactions, in detecting and understanding security incidents
for accountability. Developers also perform filtering to ensure
no sensitive data is leaked in system logs.

Security monitoring, which mitigates costs by detecting
attacks early, and secure session management are less
frequently mentioned. Some participants additionally
considered architectural level or refer to development activities
as security features, which are not features within the system
itself, such as firewalling or information flow control, to
prevent secrets in publicly accessible variables or objects.

Six vulnerabilities of the OWASP Top 10 can be directly
related to the mentioned security features, although Broken
Access control, as well as Cryptography and Authentication
failures are of more immediate concern. Note that the remaining
four vulnerabilities, such as Insecure Design, are not directly
related to a security feature, but loosely related to multiple ones.

SSF3: Security feature selection is based on experience
16 agree; 0 disagree; 10 not mentioned
The selection of security features varies, ranging from unstruc-
tured to well-structured processes for capturing threats. The
selection of security features is always based on experience,
either from past projects or observations of competitors.

Participants report that feature selection “is based on
years of working with customers and knowing what’s
needed” (I21, Architect, Banking). Particularly when no
structured security engineering process is used, companies
select security features based on what is implemented in other
systems, as mentioned by four participants.



When security features stem from dedicated processes, such
as threat modeling (cf. EPSF3), concrete security features are
still discussed and selected based on experience, as noted in
two interviews. Required structured risk assessment processes
in regulated domains [59] are mentioned by three participants.

Finally, seven participants state that development teams
discuss which security features are needed in team discussions
and workshops which include developers and security experts.
SSF4: Developers perceive security as an extensive domain
and therefore specialize in certain security features
15 agree; 2 disagree; 9 not mentioned
Developers specialize in specific security features, as knowing
all details about every security feature is infeasible, and act as

“lighthouses” to help others in understanding these features.

More than half of the interviewees claim that it is infeasible to
learn about every single security feature, “because you can’t
be an expert in all things” (I26, Developer, Manufacturing).
Instead, they focus on specific security features for which they
become experts. To reduce overhead, companies sometimes
offer training or workshops on various security topics. Typically,
developers are intrinsically motivated to learn about security,
becoming experts (often called “lighthouses”) who assist other
developers when working with specific security aspects.
SSF5: Customers are a main driver when companies need
to assign priorities to security features
18 agree; 3 disagree; 5 not mentioned
Except for absolutely necessary security features that must
always be implemented, customers are a primary factor in
decisions on extending them. Explicitly requested features
that benefit most customers receive the highest priority.

Once a baseline of security features is implemented (cf. EPSF4),
the priority shifts to what benefits most customers or is
actively requested, as revealed in fourteen interviews. Two
participants mentioned that internal discussions and the impact
on multiple customers help assign priorities to these features.

One interviewee explains that once security features have
been selected, they are often realized in a logical order based
on their interdependencies: “if you don’t have authentication,
authorization doesn’t make sense. You can enable authorization,
but disable authentication. So I can just tell the system, ’hi, my
name is [name]’ and it trusts me. But obviously, in that case, I
can circumvent authorization checks.” (I21, Manager, Cloud).

Security feature selection is driven by experience,
customer demand, and requirements from regulations. Few
organizations follow structured processes to select security
features, relying on customers to provide requirements and
prioritization. However, they rarely provide these and favor
the implementation of functional features. The most pressing
security features are authentication and authorization. Vali-
dation and logging is common, in particular for architectural
planning and accountability. To handle all these security
features, developers become experts in a small subset of them.

Selection of Security Features (RQ1)

VI. ENGINEERING SECURITY FEATURES (RQ2)

In RQ1, we covered factors that influence the selection of
security features. Now, we focus on how security features
embedded into software development processes.

EPSF1: Projects usually lack initial security requirements
19 agree; 0 disagree; 7 not mentioned
Projects in unregulated domains rely on customers to provide
security requirements or attack scenarios. They are rarely
able to provide these, however, impeding security feature
selection. Laws and regulations in certain domains are an
important source of security requirements at project start.

Many participants reported that customers, as non-experts,
do not request specific security features. Instead, “They
just have the idea that they have to protect their asset” (I4,
Manager, Automotive), as described in five interviews. This
makes planning difficult due to often unclear concrete attack
scenarios. For example, one interviewee (I16, Developer,
Manufacturing) mentions a customer who “wanted security”
for a medical device “but were unclear of which actual attack
scenarios” exist, as the device neither communicates nor
stores data over a network and is only accessible by a doctor.
In such a case, determining attack scenarios is challenging
as neither data nor the system itself is at risks.

Only participants working in domains regulated by laws
and standards, such as the automotive or banking domain,
report starting projects with a well-defined list of required
security features. In these domains, initial requirements of
security features often stem from relevant laws and standards.
Since these requirements must be fulfilled for compliance,
developers must assign a higher priority to these security
features than in unregulated domains. This reasoning was
also provided by participants working in several domains with
different levels of security criticality.

EPSF2: Companies try to follow security-by-design but
only rarely implement specific processes
25 agree; 1 disagree; 0 not mentioned
Companies consider security as early as possible, but most do
not follow a security-by-design process. Still, processes are
needed to address previously neglected security concerns.

All but one participant report that their companies follow some
form of security-by-design process. Most companies consider
security features early in the development process, which is
perceived as more effective than addressing them at the end.
Nine interviewees explicitly state that delaying security consid-
erations increases the risk of problems during implementation.

Six participants state that security is often discussed along-
side functional features. Of these, three emphasize the necessity
of frequent discussion of security features while realizing
functional features, while the other three suggest adding security
features into sprint backlogs alongside functional features. One
participant (I23, Developer, ML, Cloud) mentions that they do

“sprints, that are just security focused” to realize or update
security features that have been neglected for a longer period.



Limited by cost, not every company is able to prioritize
security features over functional features early on, as reported
in ten interviews. Still, these companies build systems that
implement a minimal set of required security features.

EPSF3: Threat modeling is widely used in practice
17 agree; 8 disagree; 1 not mentioned
Many companies employ structured processes based on
threat modeling to identify threats to their systems and plan
appropriate countermeasures. However, the extent and used
methodology varies between the individual companies.

Threat modeling was identified as the primary security
design process, in which developers “evaluate which threats
are there” (I7, Security Engineer, Insurance, Banking, Retail)
determine necessary security features, as described by 17
interviewees. Threat modeling is also often employed in later
development stages when requirements change. However,
threat modeling is often approached in a lightweight way rather
than using model-based approaches such as STRIDE [8]. Still,
formal model-based threat modeling techniques are mentioned
by five participants working in regulated domains such as the
automotive or medical industry. The identified threats play an
important role in selecting security features (cf. SSF3).

When participants strongly rely on external service
providers such as cloud services to handle their security-
critical infrastructure, they limit their threat modeling to
identify whether the provided security features are sufficient.
In these cases, they inherit the threats from these service
providers, but the responsibility for providing security against
them is shifted to the providers—outsourcing risk management
is a common practice in standards such as ISO 21434 [59]. Still,
additional threats and thus additional security features may be
considered. Participants working with customers who do not
take security seriously are less likely to apply threat modeling.

EPSF4: A baseline of standard security features is often
implemented but rarely extended and customized
15 agree; 0 disagree; 11 not mentioned
Companies implement a baseline set of security features
required by almost every system, which are only re-engineered
as requirements change or vulnerabilities are detected.

Interviewees commonly report that “there’s a set of minimum
security features the developers have to implement” (I21, Man-
ager, Cloud) which is usually derived from company guidelines
or regulations. This baseline typically includes authentication,
authorization, validation, logging, and occasionally cryptogra-
phy. Once these are implemented, they are later re-engineered
to meet changing requirements, which is often challenging as

“it’s always a struggle to search for a library that fulfills the
new given requirements” (I9, Developer, Insurance).

EPSF5: Security features are implemented by ordinary
developers as part of their everyday duties
23 agree; 0 disagree; 3 not mentioned

Developers implement security features in the parts of the
system they are responsible for and consult specialized de-
velopers for advice rather than having them implement these
features. Security-specific task assignments are the exception.

All but three interviewees report that ordinary developers
without a security background are responsible for implementing
security features as a normal part of their tasks. Developers are
expected to identify and implement relevant security features
according to the system’s security design. However, some soft-
ware architects and project managers report they choose which
developer implements which security feature and “always have
an eye on what they are doing” (I22, Architect, Insurance).

Most companies train developers to become security experts
in certain areas (cf. SSF4), allowing them to handle specific
security features without needing a dedicated security engi-
neer. Security engineers with deep security expertise, who
aid developers in implementing security features, are only
mentioned in four interviews. Developers proactively seek
advice on implementing security features. Additionally, they
are usually tasked with reviewing code written by developers.
EPSF6: Companies rely on secure practices of frameworks
and service providers
20 agree; 0 disagree; 6 not mentioned
Frameworks such as AWS, Azure, or Spring, with best
practices and defaults, are widely used and perceived by
many to be sufficient for implementing secure systems.

Three fourths of the participants explicitly report building
their systems based on popular frameworks such as Spring or
those provided by cloud providers, e.g., AWS or Azure. These
frameworks often provide secure defaults and best practices,
assisting developers in securing software systems. Following
these guidelines helps companies, particularly those with a
lower security focus, implement security-by-design principles
with low effort. However, even though participants trust them,
one interviewee states that “you never know what’s going on
there” but thinks that they adhere to best practices – “at least
that’s what I hope” (I2, Manager, Quantum).
EPSF7: Security features are often tested, but the majority
of testing techniques is not security-specific
25 agree; 1 disagree; 0 not mentioned
Security features are tested like any other feature, with specific
vulnerabilities testing practices rarely applied. Since test
coverage is a widely used metric, they are often well covered.
Penetration tests are adopted to a notable degree.

Thirteen participants indicate that security features are tested
similarly to functional feature through unit, regression and inte-
gration tests. Libraries are usually trusted, but larger companies
occasionally test the security of libraries before using them.

Less than half of the interviews mention security-specific
testing techniques. Pentesting is the most common technique,
mentioned in nine interviews, usually reported to be
cumbersome and ineffective. Five respondents explain that
code reviews or audits by security experts verify the correct
implementation and usage of security features.



When explicitly testing security features, three participants
report that developers write test cases to verify that unintended
behavior does not occur. For example, access control features
are tested to ensure that unauthorized access is properly denied.
In this case, developers require a “mindset of ’I want to
break things”’ (I10, Architect, Medical, Automotive, Robotics).
However, tests for abuse scenarios are rarely mentioned.

EPSF8: Security feature maintenance is often limited to
small fixes and updating dependencies

17 agree; 2 disagree; 7 not mentioned

Developers perceive maintaining security features as easy,
involving quick fixes or updating libraries. Neglecting mainte-
nance leads to accumulating problems and increased effort.

Maintenance mainly involves updating security libraries, often
supported by automated dependency checks. Five interviewees
mention that “it is usually enough to just update the
libraries” (I8, Developer, Logistics). Two interviewees rely on
external service providers for implementing and updating secu-
rity features, eliminating the need for maintenance. Therefore,
developers perceive maintaining security features as easy, since
tasks such as identifying the code location require low effort.

Due to a lack of concrete security metrics, two interviewees
noted that maintenance needs often only become apparent after
a vulnerability is discovered or exploited. Four interviewees
report that maintenance effort can be high when neglected for
long periods, as bugs and vulnerabilities accumulate over time
and familiarity with them fades.

EPSF9: Security features are not communicated systemat-
ically and with varying degrees of granularity

21 agree; 2 disagree; 3 not mentioned

The development phase and stakeholder experience determine
how security features are communicated. Planning requires a
high-level view, implementation low-level technical details.

Eleven interviewees noted that security features are typically
considered at a high level during planning, while twelve
stated they must consider details during implementation.
Five interviewees explain that low-level details are rarely
discussed, since developers mainly discuss security concepts.
Two developers claim that this lack of implementation
details is manageable because “most of the time you can
really work on a high level abstraction, thanks to the
frameworks” (I11, Developer, Systems Management).

Selecting appropriate communication granularity strongly
depends on the stakeholders involved in a discussion as their
knowledge about security features differs. Five interviewees
state that communication to managers or customers is mostly
kept on a high level as they lack technical understanding.

Security features are considered in all phases of software
development. In different phases, the level of granularity at
which they are communicated differs. Even though companies
do not employ specific security design processes to model
or test security features, most companies employ threat
modeling to identify threats. Initially, security features are
realized based on what is commonly done and continuously
adapted during development until meeting the requirements.
Selecting service providers supports companies in minimizing
security considerations with secure defaults and built-in
security mechanisms. Finally, maintenance tasks for security
features are perceived to require little effort.

Engineering Process of Security Features (RQ2)

VII. CHARACTERISTICS OF SECURITY FEATURES (RQ3)
We now focus on the code-level characteristics of security
features, including size (lines of code in relation to other code),
tangling (the extent to which a feature intersects/interacts with
other features) and scattering (the extent to which a feature
scatters over the codebase) of security features.
CSF1: Security features are implemented using frameworks
and libraries
25 agree; 0 disagree; 1 not mentioned
Developers rely on open source or internal security frame-
works and libraries to avoid implementing vulnerable security
features. Still, developers write custom code for security
features when no suitable library exists or to meet needs.

Participants reported adhering to best practices by using secu-
rity frameworks and libraries to implement security features.
Primary motivations are to avoid errors, save costs, and
leverage widely used and tested third-party implementations.
For instance, cryptographic algorithms are considered difficult
to understand and thus hard to implement. Still, “you can find
a library for everything” (I26, Developer, Manufacturing).

However, developers from companies focusing on security
solutions occasionally need to write their own code, typically
when cutting-edge security features lack libraries: “Some
functions, like for example, if you have some elliptic curves that
are not supported, then we implement them on our own, because
they do not come with a library yet” (I4, Manager, Automotive).

Despite existing logging libraries, logging often involves
custom implementation, since developers need to consider
what events to log. The implementation effort is then not
related to creating logging functionalities, but to identifying
the correct places in the system to add log statements, which
leads to more usage than developers perceive for other security
features. Additionally, many cases of input validation are
perceived as specific to the concrete application, requiring
tailored approaches.
CSF2: Compared to functional features, the code for
security features is minimal
14 agree; 4 disagree; 8 not mentioned
Since developers rely on libraries, code for security features
is limited to their integration using glue code (code that
allows features to interoperate) and data transformations.



Our interviews indicate that the size of features in terms of lines
of code and thus the effort required to implement them varies,
but is kept to a minimum. Eleven interviewees mention building
wrappers around security features to integrate them into the
system. Seven of these claim that this practice facilitates the
usage of security libraries by abstracting low-level details. Still,
three interviewees explain that writing wrappers for unfamiliar
security features requires additional effort.

In summary, when developing security features, developers
primarily write code to pass data to an API of a security
library in the correct format or to convert returned data.
For example, two participants mentioned writing wrappers
to receive authentication tokens. In two other interviews,
developers explained that creating API wrappers also simplifies
data encryption: “If I have to implement the API wrapper
on my own, then I also don’t implement the encryption part”
(I8, Developer, Logistics). To this end, understanding how to
integrate security libraries incurs most effort when writing
security features.

CSF3: Functionality of security features is perceived to be
well encapsulated, but usages scattering over the codbase
20 agree; 3 disagree; 3 not mentioned
While the core functionality of security features is imple-
mented in a modular way and can be well-encapsulated,
their use is scattered throughout the codebase.

Interviewees report that security features can be well encapsu-
lated and reused throughout the software system. One intervie-
wee emphasizes: “you should definitely encapsulate your secu-
rity code, especially if it’s cryptographic code, [. . . ] you don’t
want to write the same call all over your code, because then if
you change something at one place, [. . . ] and then forget about
all the others, then your code will have a vulnerability again.”
(I10, Architect, Medical, Automotive, Robotics). Four partici-
pants state that this approach works well for authentication and
authorization, while two confirm this practice for cryptography.

CSF4: Security features are perceived as being tangled
only to a low degree
16 agree; 4 disagree; 6 not mentioned
Security feature code is perceived as being independent and
well separated from other features. Developers feel working
on security features does not impact other features.

Interviewees generally stated that functional features only
interact with security features at specific, well-separated
locations. Five participants report that even though functional
features interact with security features, changing the security
features does not have a direct impact on behavior. Still, three
participants state that they “try to keep it to a bare minimum, but
sometimes you cannot avoid it completely” (I4, Manager, Au-
tomotive). The only scenario mentioned by interviewees where
security feature code is directly woven into the implementation
of the functional feature is logging. One participant perceived a
stronger tangling in mainly in the use of cryptographic features
such as certificates in the authentication process.

Developers primarily use libraries for security features,
mostly writing wrapper code for integration. The functionality
of most security features is perceived to be locally
encapsulated and well separated from other features’ code.
Still, the use of these security features is scattered throughout
the code base. Counterintuitive to this scattering, security
features are perceived as not being tangled with each other.

Code-level characteristics of Security Features (RQ3)

VIII. CHALLENGES OF ENGINEERING SECURITY FEATURES
(RQ4)

Finally, we focus on challenges the participants face in
engineering security features and how they overcome them.

CH1: Non-experts lack foundational knowledge of security
18 agree; 0 disagree; 8 not mentioned
Insufficient security knowledge among customers and devel-
opers hinders security feature engineering, necessitating that
companies build a foundation in security knowledge.

To effectively realize security features, “one requires a basis
of knowledge of the security domain” (I1, Architect, Logistics),
which stakeholders usually lack. Seven interviewees criticize
customers’ lack of knowledge and concern for security features,
with six noting that they only consider them after issues occur.

Four interviewees highlight challenges developers face
when implementing security features for the first time,
often unsure if they have done so correctly. One developer
reports that the documentation of libraries rarely shows
examples of misuse or common mistakes, which is

“information I need so that I can write code in a secure
way” (I10, Architect, Medical, Automotive, Robotics). Conse-
quently, developers are often unsure how their implemented
security features could be bypassed by an attacker, because they
do not know “what the attackers do” (I19, Architect, Banking).

To mitigate this challenge, four participants reported that
companies organize workshops and team discussions to
improve the general understanding of security features and
where people acting in different roles share their knowledge.
However, we observed that many participants were unfamiliar
to describe protection goals using concepts such as the CIA
Triad, highlighting a knowledge gap in developers as well.

CH2: Developers often underestimate the effort of engi-
neering security features
11 agree; 0 disagree; 15 not mentioned
Lack of knowledge makes it harder for developers to accu-
rately estimate the effort for engineering security features,
often leading to complications in implementation.

Developers lack an understanding of security features and their
underlying concepts. Before implementing security features,
they must first research about them to obtain a basic understand-
ing. Therefore, two interviewees report it is not possible for
them to reliably estimate the effort of realizing security features.

Even after researching security features, developers lack prac-
tical experience and conceptual knowledge that is required to



effectively implement detailed security features. Therefore, they
often “initially underestimate the complexity because you only
learn about a certain feature when you actually started working
on it” (I21, Manager, Cloud). In total, six participants report that
they frequently experience this kind of underestimation, and
it often takes longer than expected to realize security features.
One participant explicitly mentions an impact of the develop-
ment phase, claiming that DevOps security can be estimated
well, while estimating implementation effort is challenging.

CH3: Developers are unable to implement all security
features due to cost constraints
15 agree; 1 disagree; 10 not mentioned
Developers struggle to implement all security features at
an “optimal” level due to cost and effort. They struggle to
prioritize security features over others to achieve full security.

Seven interviews reveal that developers are not able to imple-
ment all security features within a project. They mention it is
impractical to aim for full coverage as “you will never be 100%
secure” (I24, Developer, Manufacturing) — “That’s not possible”
(I4, Manager, Automotive). Instead, developers “try to have a
security level that is not so extreme,” and “not too expensive to
actually implement” (I4, Manager, Automotive). One participant
explains that security features vary in implementation effort,
making some of them difficult to prioritize over other features.

In addition to implementation effort, participants identify
learning details as an overhead cost. This challenge was
raised by two participants who explain that developers need to
learn about security features before they are able to properly
implement them, since they are “not experts in security, but
come from another domain” (I2, Manager, Quantum).

Most participants see a barrier to prioritizing security features
over functional features, “because you have to make the whole
thing [the project] a reality before you find focus on things like
that” (I2, Manager, Quantum). Three participants state that time
constraints prevent them from prioritizing security over func-
tionality. Customers are an additional impediment, primarily
concerned with functionality, which rarely includes security.

CH4: Developers struggle with estimating the side effects
of changes to security features
9 agree; 0 disagree; 17 not mentioned
As security features are used in many parts of the system,
estimating how local changes of security features impact the
overall system is hard, since changes to security features are
assumed to not impact the functional behavior of the system.

One-third of participants report that estimating the side effects
of changes is a major challenge when changing security
features. When implementing a new feature, “it’s really
hard to see the entire picture [. . . ] and what effects that
might have” (I6, Developer, Real Estate). One of the participants
reports that they needed to change access permissions for a new
feature, but could not predict how this would affect other exist-
ing functionality. Particularly when functionality which other
parties rely on is involved, communication barriers impede the
analysis of change impact of security features. In the worst case,

this can lead to outages, e.g., if changes in the authentication
services were not properly addressed by consuming parties.

Stakeholders, especially developers, lack knowledge, to esti-
mate the effort required to develop security features. Addition-
ally, developers feel overwhelmed learning details about secu-
rity. They struggle to prioritize security features over others
and fully implement them because of cost and time constraints.
Finally, it is challenging to estimate the impact of changes of
security features, since they propagate through the system.

Challenges of Engineering Security Features (RQ4)

IX. DISCUSSION AND COMMON ASSUMPTIONS

A. Assumptions in relation to practice
The goal of our study is validating assumptions made in security
research. Table III relates each theme to the assumptions.
Assumption 1: Ordinary developers lack knowledge to se-
curely engineer security features (PARTIALLY ACCURATE)
Studies such as Ryan et al. [14] challenge the underlying
assumption that developers’ perceptions of whether security is
needed in their work environment are accurate. Instead, they
conclude that developers who are not well-informed about
software security may be poor judges of when it is required.
Corresponding observations are also contained in our study,
but reveal that developers often lack conceptual knowledge, yet
still have an idea on how to realize security feature practically.

In practice, security features are indeed developed by
ordinary developers (cf. EPSF5), who require experience to
effectively select security features (cf. SSF3). However, our
interviews revealed a significant lack in security-related knowl-
edge (cf. CH1) and a tendency to underestimate the effort related
to securely engineering security features (cf. CH2). The lack
of knowledge could be one reason for a lack of security-
specific test cases (cf. EPSF7). Particularly, the implementation
of detailed security functionalities or their configuration is more
complicated, since a system appears to be working correctly,
but may lack important implementation details or usage at
specific places of the system (cf. CH4). Therefore, specializing
in individual security features helps in increasing security and
reducing the overhead of learning about all of them (cf. SSF4).
The effectiveness of individual experts and the resulting knowl-
edge transfer was also observed in other studies [20]. Relying
on service providers that provide secure defaults additionally
assists developers in handling the knowledge gap (cf. EPSF6).
Assumption 2: (Model-based) security-by-design techniques
are not used in practice (NOT ACCURATE)
While researchers from the security-by-design community
assume that (model-based) threat modeling techniques are used
in practice, other researchers challenge this assumption and
paint them as practically irrelevant. We lack an understanding
of whether (model-based) security-by-design techniques are
truly perceived as irrelevant in practice.

In the interviews, we find that almost everyone per-
ceives security as important (cf. SSF1) and incorporates se-
curity into their design, although the specifics vary con-
siderably (cf. EPSF2). Particularly threat modeling is widely



TABLE III: Mapping between Themes and Assumptions (✓ Supports the assumption, X Opposes the assumption)
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Assumption 1: Ordinary developers lack knowledge to securely
engineer security features (PARTIALLY ACCURATE) X ✓ X ✓ ✓ X X ✓ ✓ ✓ 4 2 20

Assumption 2: (Model-based) security-by-design techniques are
not used in practice (NOT ACCURATE) X ✓ X X X X ✓ 1 18 7

Assumption 3: Security libraries are complicated to use, resulting
in many vulnerabilities (PARTIALLY ACCURATE) X X (X) (X) (X) ✓ 1 19 6

Assumption 4: Maximum security is infeasible in practice and
security features must be assigned priorities (ACCURATE) ✓ ✓ ✓ ✓ ✓ ✓ ✓ 25 0 1

1) If a 2/3 majority of a participant’s agreements or disagreements with the themes related to an assumption support or oppose this assumption, the participant is assumed to support or oppose the assumption.

adopted in practice (cf. EPSF3). Companies often consider
relying on external service providers or frameworks providing
the required functionality through secure defaults (cf. EPSF6),
acknowledging the inheritance of potential threats that may
need to be monitored (cf. EPSF8) Even when interviewees stated
that security is not a priority, we learned that there are “security
sprints” or security features that have been developed from
the start (cf. EPSF2). Security-by-design is, therefore, widely
adopted in practice, although sometimes not perceived as such,
and usually much less systematically than techniques such
as UMLsec [7] or STRIDE [8]. However, concrete security
requirements are usually lacking at project start, leading
to challenges, especially in unregulated domains (cf. EPSF1).
Finally, we found that security features are not systematically
communicated (cf. EPSF9) or captured in models (cf. EPSF3)
throughout the development process. Our interviews highlight
a need for existing techniques to be more practical for effective
usage in the development process.
Assumption 3: Security libraries are complicated to use,
resulting in many vulnerabilities (PARTIALLY ACCURATE)
Insecure use of cryptographic APIs has been identified
as a common reason for insecure code. Tools such as
CogniCrypt [16] address this by providing automated checks
and code generation for usages of cryptographic APIs. It is a
common conception that the documentation of libraries is a ma-
jor factor in secure use, albeit often considered inadequate [60].

In general, participants explain that they use libraries
wherever possible (cf. CSF1). In contrast to common
assumptions [60], [61], [62], the interviewees of our study
generally were satisfied with the quality of provided APIs and
their documentation, claiming they can be easily integrated
with minimal effort (cf. CSF2), well separated from other
parts of the system (cf. CSF3 and CSF4), and easily updated
when required (cf. EPSF8). However, studies have shown that
even if developers use only libraries, the written code can
be insecure due to their incorrect usage [19]. We learned
from the interviews that incorrect use is often difficult to
identify (cf. CH4), leading to a discrepancy between perceived
ease and practical challenge. Ultimately, developers perceive
implementing security features as easy, while it is difficult
in reality (cf. CH2). Developers need a general understanding

of how a library works internally, but do not want or can go
deeply into the algorithmic details. Consequently, developers
may oversimplify implementations, potentially introducing
vulnerabilities. Notably, we asked participants in which security
features they identify the most bugs. However, this exploration
was inconclusive, as the answers did not reveal a pattern or
participants were unable to confidently provide an answer.

Assumption 4: Maximum security is infeasible in prac-
tice and security features must be assigned priorities
(ACCURATE)
Since complete security is not feasible, assigning priorities to
security features is required [58]. The participants confirm that
security is an important aspect, but since functionality is more
critical (cf. SSF1), only limited resources are available and they
cannot realize every security feature (cf. CH3). Similarly, other
studies find that 20% of the median effort for new projects
is due to security [22]. Prioritization of security features is an
essential part of the development process in practice (cf. SSF5),
often involving the consideration of different threats (cf. EPSF3).
Since the task of assigning priorities to security features must
be at least partially performed by non-expert developers, often
doing many of these things for the first time, they often underes-
timate the effort involved in realizing them (cf. CH2). Since the
selection of security features is based on experience (cf. SSF3),
developers often struggle in selecting security features beyond
the common baseline (cf. SSF2 and EPSF4). This makes effort
estimation difficult, which makes assigning priorities difficult.
Ultimately, this might result in important security features not
being implemented because of other priorities.

B. Findings and Observations

Our study provides insights into the engineering of security
features, in particular:

Finding 1. Security is a cross-cutting concern that affects
many domains, but requires specific security knowledge. In line
with the intuition of researchers (Assumption 1), this knowledge
is only available to and recognized by a few developers. How-
ever, counterintuitively, developers still perceive themselves
to be able to implement security features correctly because
security libraries seem to be easy to use. Still, when comparing
with previous work [19], it is uncertain whether developers truly



implement them correctly, since a software system may operate
functionally correct even when security features are missing.

Finding 2. Systematically engineering security features
requires specific processes, e.g., threat modeling, that are
orthogonal to software development. While companies
integrate such activities into their development processes,
they mainly integrate them without changing the development
process. Counterintuitively, this leads to activities such as threat
modeling being used in practice (Assumption 2) in a lightweight
manner tailored towards existing development processes.

Finding 3. While intuition suggests that implementing
security features involves huge effort, security feature imple-
mentation is perceived to require little code to integrate libraries.
Also, they are perceived to be well encapsulated, rarely tangled,
and easy to maintain. Counterintuitively, estimating side effects
is perceived especially difficult, since it is unclear what parts
are affected by a change, both by prediction and perception.
Overall, the main effort lies in the proper planning of needed
security features. Therefore, security-by-design methodologies
should be automated to enable developers with limited skills
to perform security assessment quickly [10].

C. Implications
Our study highlights implications on the engineering of security
features for both researchers and practitioners.
Security knowledge. We notice a gap in foundational security
knowledge among developers and stakeholders. Therefore,
they require better tools and resources that help them integrate
security features early in the development process. Researchers
should focus on creating documentation including both correct
usage examples and common misuse cases. Practitioners
need to build deeper security knowledge to be able to notice
insecure practices by e.g., adopting the concept of lighthouses.
Prioritization. The difficulty of balancing security and func-
tionality with limited project resources is a significant challenge.
Researchers must explore methods for effectively prioritizing
security features, respect to functionality as well as to over
each other, without compromising essential functionality. This
includes developing strategies that assist in making informed de-
cisions about security investments. Practitioners implicitly pri-
oritize security features continuously, but should explicitly doc-
ument decisions to facilitate reasoning and security hardening.
Security metrics. The lack of security metrics hampers the
ability to assess clear and actionable insights about the security
level of a system. Effective security metrics could not only assist
developers in assigning priorities for security features, but also
encourage stakeholders in understanding risks of neglecting
security features. We identify a pressing need for security
metrics which researchers should further explore. Practitioners
could adopt formal security-by-design techniques which allow
a systematic reasoning about a system’s security [7], [63], [64].
Modeling techniques. Threat modeling is a crucial practice
among developers, yet often performed in an informal and
light-weight way. The research community should therefore
investigate more efficient and accessible modeling techniques,
that aid developers in integrating them into their workflows.

X. THREATS TO VALIDITY

As in any study involving questioning participants, several
threats to the internal and external validity apply.
Internal Validity. Author bias could impact our results. Since
we used semi-structured interviews, some questions might
have been missed. We employed two authors to conduct
each interview, both ensuring all questions were covered. To
reduce participant bias, we mainly used open-ended questions,
resorting to closed-ended ones only for clarification. We gave
specific examples only if participants struggled to answer, thus
minimizing bias and fostering understanding. The first author
coded the interviews, but two authors thoroughly discussed the
code book to validate and counteract any potential biases.
External Validity. The generalizability of our results might be
threatened due to the composition of participants [65]. Company
standards influence participants’ experiences. We chose com-
panies from diverse domains with varying security importance,
finding security relevance in nearly all. Participants’ back-
grounds may affect generalizability, since willingness to partic-
ipate depends on self-perceived experience [65]. Therefore, we
recruited individuals with varied experiences and roles to ensure
diversity. Response bias could threaten generalizability, when
participants are hesitant to admit insecure practices [65]. We
thus contrasted and validated interviewee perceptions with other
empirical studies, especially where conflicts with empirical find-
ings arose. Furthermore, the inability of participants to answer
all questions could limit the accuracy of answers due to re-
sponse bias [65]. We still received detailed responses, covering
all research questions and reaching saturation. Lastly, our study
provides insights on the engineering of security features from a
developer perspective. Since we did not have access to the code
of the participants’ projects, we were unable to triangulate them
with additional artifacts. Future research should investigate dis-
crepancies between this perception and actual implementation
of security features by analyzing software systems.

XI. CONCLUSION

While the research community provides security technologies
and usage guidelines with many underlying assumptions
based on intuition, little is known about how developers face
challenges in practice when developing security features. To
address this gap, we contribute an exploratory interview study
with 26 experts from industry. We elicited their experience
to validate and contextualize four common assumptions.

Our study reveals that companies generally follow security-
by-design principles, yet specific security requirements are
sparse. Threat modeling is widely used to identify potential
threats and devise corresponding security measures. Security
features are routinely included in most software systems by us-
ing established frameworks and libraries, adhering to best prac-
tices and default settings. Developers perceive security features
as easy to implement, effectively separating security features
from other functionalities and minimizing the amount of code.

Nonetheless, developers struggle with engineering security
features due to a lack of foundational knowledge about them,



often underestimating the effort needed. To address these
challenges, developers often undergo training in specific areas
of security. However, time constraints force them to prioritize
functional features over security enhancements, hampering the
comprehensive implementation of necessary security measures.

As our study has shown, many assumptions in security
research may not be empirically validated and partially or
even entirely inaccurate. Researchers should aim to validate
more assumptions empirically by, e.g., conducting surveys
and interviews with developers, or case studies of software
projects, to ensure that their theories match practice.
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