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The landscape of Software Engineering evolves rapidly amidst digital transformation and the ascendancy of Al,
leading to profound shifts in the role and responsibilities of Software Engineers. This evolution encompasses
both immediate changes, such as the adoption of Large Language Model-based approaches to coding, and
deeper shifts driven by the profound societal and environmental impacts of technology. Despite the urgency,
there persists a lag in adapting to these evolving roles. This roadmap article proposes 10 research challenges
to develop a new generation of Software Engineers equipped to navigate the technical and social complexities
as well as ethical considerations inherent in their evolving profession. Furthermore, the challenges target role
definition, integration of Al, education transformation, standards evolution, and impact assessment to equip
future Software Engineers to skillfully and responsibly handle the obstacles within their transforming discipline.
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1 Introduction

The role of Software Engineers! changes. With digital transformation and the rise of Al Software
Engineers (as everyone else) are affected by short- and far-reaching changes, for example, by
changing daily work practices (using LLMs for coding), but also a rise in complexity when developing
new software due to the constantly changing requirements resulting in new features and the
emergence of new technologies. Moreover, Software Engineers are not simply “executive assistants,”

!Based on Ian Sommerville we define Software Engineers as Engineers, who are concerned with all aspects of Software
production [129].
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Fig. 1. Be the change, Brett Jordan, Unsplash, 2024.

even if they sometimes see themselves that way [19]. They work in all phases of the IT product
and service development process. Starting from the early requirements, over coding and testing
to the maintenance phase [26]. Moreover, nowadays sustainability issues demand responsible
design decisions as IT products and services have short- and far-reaching impacts on societies and
environment [15]. Thus, the role of Software Engineers changes and continues to do so (Figure 1).
This means Software Engineers need to adapt (their role) both quickly and in the long run.

However, this is not happening to the degree necessary. Donald Gotterbarn already points
out the lack of education for moral responsibility of Software Engineers back in 1995 [56] and
becomes one of the champions in developing the codes of conduct in our field. Almost 30 years
later we still primarily educate future professionals for a commercial market instead of respon-
sible citizenship—while that is more urgent than ever because of software ruling our daily lives
[14, 114, 132].

This lack of reflection in computing and computing education is also criticized by Becker in
his recent book “Insolvent” [14]. Becker argues that the current (dominant) way of thinking in
computing is not sufficient to address the grand challenges we face. He suggests reorienting design
in computing to better align with the values of sustainability and justice [14]. Moreover, in [19] Betz
et al. show in a small interview study that the current perception of Software Engineers regarding
their role is still very classical, concentrating on hands-on tasks such as coding. In addition, the
rapid roll-out of technological advancement using Al tools for Software Engineering changes the
role of Software Engineers by partially or completely substituting tasks, which are subsequently
replaced by higher-level tasks to review and verify [9, 86, 98].

To summarize, there is a need for research regarding current challenges in terms of complexity,
sustainability, and responsibility, and how the role of the Software Engineer changes along with
the ever-increasing impact of their profession on everyday life. However, to the best of our knowl-
edge, there is not much work to be found on the role of Software Engineers and their perception
of it. This gap is also visible in the smaller number of ethnographic studies (compared to other
research methods) in Software Engineering [125, 141], a research method that serves well to inves-
tigate human aspects. In the words of Gotterbarn: “Professionalism maintains a proactive posture”
[58, p. 4].

This article calls for evolving Software Engineers for their manifold role and turning them into
stewards of their profession beyond commercial practice. Our contribution entails (1) a roadmap
with 10 research challenges investigating the role of Software Engineers, (2) a draft of a suitable
research approach for each, and (3) a theoretical perspective for each of these challenges.

2 Background and Related Work

Roles play a crucial part in our lives [142]. The concept of roles has long been utilized in fields
like sociology, management, behavioral science, and psychology. They serve as effective tools for
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modeling the authority, responsibilities, tasks, and interactions tied to roles within organizations
[142]. There exist many different definitions of roles [6]. However, most prominent is the concept
of roles in sociology. There, the understanding and idea of the concept of role is to categorize
individuals into different “roles.” Thus, in our article, we use the following definition of “roles”
to form a basis of understanding: “A position containing a set of socially defined attributes and
expectations that determine appropriate behavior for an individual or group based on their status
in relation to other people or groups” [16].

To comprehend how roles impact individuals’ lives and organizations, sociologists, behavioral
scientists, and psychologists formulate role theories. These theories elucidate the influence of roles
on individual behavior and how such behavior is evaluated by others concerning existing roles
[6]. These roles shape both the behavior and self-perception of individuals, as well as how others
interpret their actions [6]. Furthermore, as stated in [102]: “role expectations include both activities
and qualities: a teacher may be expected to not only deliver lectures, assign homework, and prepare
examinations but also to be dedicated, concerned, honest, and responsible” Transferring role theory
to Software Engineers shows that they also “play” a certain role that has been socially constructed
over time. If the role changes, the result of their work may also change. In this case, this means
that the software system as the result of Software Engineers’ work may also change.

Goffman [55] argues that roles form and then are difficult to discard. Once a role emerges, it
solidifies over time and it sometimes requires a great deal of work to change it [55]. The proof-of-
concept document of the Guide to the Software Engineering Body of Knowledge (SWEBOK)?
is made available in 1998—now more than 25 years ago. While SWEBOK does not explicitly define
the role of a Software Engineer, it defines tasks and activities and it states “A Software Engineer
displays professionalism notably through adherence to codes of ethics and professional conduct”
[26, Chapter 11, p. 2].

However, Garousi et al. [51] identify knowledge gaps in software maintenance, software config-
uration management, and testing in SWEBOK. To understand the quality attributes of a Software
Engineer, Li et al. [84] perform 59 semi-structured interviews, spanning 13 Microsoft divisions,
including several interviews with architect-level engineers with over 25 years of experience. The
contribution of their effort is a thorough, specific, and contextual understanding of Software
Engineering expertise, as viewed by expert Software Engineers. However, they also argue that this
study is just a beginning, that more studies are needed to get an understanding of what the role of
Software Engineers looks like and that “our research community can begin to understand software
engineering not just as a purely technical discipline of tools and processes, but a sociotechni-
cal one, with individual human contributors and their collaborations fueling software progress”
(84, p. 709].

More recently, Betz et al [19] investigate how Software Engineers perceive their role, which
attributes they ascribe to themselves and their awareness with regard to sustainability and they find
out that Software Engineers seem to see themselves mainly as an executing force as opposed to a
directing one. In summary, the Software Engineer’s role, their activities and qualities (responsibili-
ties) should and need to evolve in the light of the current developments.

2.1 The Significance of Al

At present, our society depends on software systems for global communication and the operation
of essential utilities. In general, these systems prioritize functionality and quality characteristics
like usability, availability, safety, and security [95, 121]. However, they must advance beyond these
and consider ethical issues, such as social justice, transparency, or diversity.

Zhttps://www.ieee.org/about/ieee-india/ieee-computer-society-india/swebok html
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This becomes even more urgent with the rise of Al It is imperative to conduct research and
enhance awareness concerning ethical considerations, including “transparency, accountability,
confidentiality, autonomy, trust, and fairness” [80, 88]. Also, for example with regard to smart grids
there are ethical issues which should be taken into account when designing such software. One of
the issues evolves around the customer and the software system (trust, transparency, ... see [81])
and another around the topic of access to micro grids and social inequality [103, 133].

In their very recent paper, Pant et al. [105] investigate ethics in Al from an IT practitioners point
of view. They develop a taxonomy to help Al practitioners in identifying and understanding Al
ethics. Moreover, they present recommendations for IT industry and future research. For example,
they advocate examining different roles and their interactions in the development and use of
Al systems.

The first paper to address Al and Software Engineering is already from 1988, and it look at
attempts to apply Al techniques to Software Engineering problems [12]. This technology has
increased the scope of our research tremendously, and with that also increased the responsibility
of Software Engineers. Currently, there is a large amount of work exploring the uses of Al and less
work taking a critical perspective on responsibility around AI within SE. Feldt et al. [47] provide an
Al in SE Application Levels taxonomy. The taxonomy has three facets allowing its users to classify,
the point of application (process, product, and runtime), the type of Al technology (based, initially,
on the five tribes proposed by Domingos [41]), and the level of automation of the applied technology
(inspired by Sheridan-Verplanck’s 10 levels of automation [127]). As the technology evolves at
a tremendous speed, more and more approaches are being developed to support, automate and
partially substitute Software Engineering activities, for example, in Requirements Engineering
[86, 98], in Software Architecture [45, 68], and in repository-level coding tasks [9].

To summarize, this is changing the daily activities, responsibilities, and role of Software Engineers
and needs to be investigated by Software Engineering researchers.

2.2 Responsibility and Ethics

In general, there are many different keywords (and work) to be found in the area of responsi-
bility, ethics, and Software Engineering: accountability, ethics, ethics-aware and ethical-driven,
responsibility, values, and codes. Following, we look at selected exemplary work in each of these.

David Gotterbarn was one of the first to take a strong stance for the moral responsibility of
Software Engineers [56, p. 54], noting “a surprising lacuna in Software Engineering education, one
of whose primary foci is the preparation of software professionals for the commercial market”
However, it seems there is still a lack of research in the area of practical ethics and Software
Engineering. In their recent mapping study (2023) Marebane et al. [92] investigated studies on the
ethical responsibility of Software Engineers. They only found 14 relevant papers, most of them
being philosophical studies and no validation or experience papers.

With regard to accountability, Schneider and Betz [120] wrote that Software Engineering needs
to become accountable for sustainability. In order to do so they combine a social scientific sus-
tainability transformation model with the analysis of accountability for sustainability in current
Software Engineering practices. They argue that for Software Engineers to become accountable
for sustainability a mind shift needs to be established [120]. This mind shift naturally affects also
the roles of Software Engineers. Aydemir and Dalpiaz [8] present in their paper a roadmap for an
analytical framework for ethics-aware Software Engineering. In ethics-aware Software Engineering
the idea is that the ethical values of stakeholders (including Software Engineers and users) are
taken into account during the software requirements engineering and development phase. The
framework identifies the subject (what), the affected object (who) and the relevant value (what).
Although, this framework seems quite helpful, it does not touch upon the issue of changing one’s
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role. In their philosophical paper, Génova et al. [52] argue that as a practical guide for ethically
responsible Software Engineering one should stick to a moderate deontologism taking into account
rules and consequences when assessing the ethical impact of Software Engineering practices. They
argue that this is due to the need of assessing possible short- and long-term impacts of design
decisions (consequences) while taking into account “absolute human values” (rules). However,
they do not provide methods and tools for the assessment. Lurie and Mark [87] propose a practical
ethical framework for Software Engineers connecting Software Engineers’ ethical responsibilities
directly to practical activities to overcome the dichotomy between professional skills and ethical
skills. They call the framework Ethical-Driven Software Development, as an approach to software
development. The goal of the framework is not to affect the outcome of the Software Engineering
process but to raise Software Engineers’ awareness regarding the “ethical ramifications of certain
engineering decisions within the process” [87, p. 1]. Awareness is definitive a first step, but as
following steps we need assessment of impacts on ethical issues. In their paper from 2022 Mitchell
et al. argue based on an interview study that there exists a “lack of tool and process support for
systematic ethical deliberation at most stages of the software lifecycle” [101, p. 1].

Values and ethics are not the same. Ethics are trying to find measures for just, good, and
desirable action and values can be one of these three things or al all three: “(a) biological needs,
(b) interactional requirements for interpersonal coordination, and (c) societal demands for group
welfare and survival” [123, p. 1]. Thus, values do not lead us, per definition, to just, good, and
desirable actions.

Nevertheless, research exists on values within Software Engineering. Several studies adopt a
human-values perspective, such as [67] which gave recommendations on how to develop “values-
conscious software,” [48] they created a research approach that facilitates a systematic method for
the elicitation, analysis, and comprehension of values, and [5] which integrated ethical values in
software architecture design. However, more efforts are still needed to systematically incorporate
human values into Software Engineers’ daily work practices.

In summary, software systems ought to adhere to ethical guidelines for Software Engineering
such as those outlined in the ACM Code of Ethics [57]. However, although the ACM Code of Ethics
for Software Engineering has been around for quite some time it seems that it has no influence on
software-related ethical decisions [96]. As Karim et al. [71] state despite a sufficient large number
of research studies on Software Engineering Codes of Ethics operationalizing and implementing
those codes in the daily work practices is quite difficult and not yet solved. We argue in order to do
so we need to change the Software Engineering roles and their responsibilities, tasks and activities.

2.3 Learning and Education

Mary Shaw’s roadmap [126] proposes challenges for educators of software developers to help
identify aspirations for Software Engineering education. As Software Engineering educators, we
have been working on a clarification of the roles involved in software development and Shaw
points out that challenges are: appropriate credentialing for those roles; an improved treatment of
engineering issues; faster response of educational content to changes in technology and fundamental
understanding; and better use of information technology in our own education and training. In
this line of research, we are contributing to a further, and updated, clarification of the role of a
Software Engineer as well as the continued change that comes with this profession and its tasks.
The challenges of Software Engineering education presented by Jazayeri [70] in 2004 still hold to
a large degree since they are inherent to the discipline. In addition, we have to integrate relevant
topics like sustainability, responsibility, inclusion, and ethics to a larger extent into SE teaching.
In [113] Peters et al. perform a systematic review of the literature on sustainability in computing
education. From a set of 572 publications extracted from 6 large digital libraries plus snowballing,
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the authors distill and analyze 89 relevant primary studies. They investigate (i) conceptions of
sustainability, computing, and education; (ii) implementations of sustainability in computing
education; and (iii) research on sustainability in computing education. The result is a framework
capturing learning objectives and outcomes as well as pedagogical methods for sustainability in
computing education.

A central contribution in educating for sustainability is the key competencies framework [27]
that lays out systems thinking competency, strategic competency, values-thinking (or interper-
sonal) competency, future (or anticipatory) competency, and implementation (or problem-solving,
normative) competency. As part of values thinking, it is considered important to integrate ethical
education into SE curricula [53, 61] as well as the notion of responsibility [56, 119] to establish the
actual application of a code of ethics [57]. As part of future thinking competency, it is relevant to
include technology forecasting [7, 33] and technology assessment [46, 62]. Furthermore, systems
thinking needs a place in software engineering education [19], including teaching the limits of
computational thinking [14]. Finally, all of these competencies should be anchored in SWEBOK
[26], where the term “sustainability” currently shows up in two instances in the 2024 public review
draft: (i) as architecture concern and (ii) as economic concern. Both the environmental and the
social dimension are still missing.

With regard to learning there is work on lifelong learning as Software Engineers from Chernenko
[32]. Also, there is work on individual happiness of Software Engineers [59, 109] and on team
happiness [60] and how this impacts performance.

Some of these works are used as a theoretical perspective for challenges 3.3 Integration of Respon-
sibility Considerations, 3.4 Promoting Self-Reflection and Lifelong Learning in Software Engineering,
3.6 Defining the Ideal Role, and 3.8 Educational Curricula described in the following section.

3 Research Challenges

The overall objective of this research roadmap is to shed light on how a Software Engineer’s role,
their activities, and qualities (responsibilities) should and need to evolve in the light of the current
developments. This objective is elaborated in the following central questions:

—What is the role of a Software Engineer now?

—What role do we want and need to have, given that we build the systems that run the world?

—How can we steer the role change in terms of technology support, sustainability, and ethical
responsibility?

—How do we get the new role definition into education and practice?

—How do we keep up with the ever-evolving role and the need for continued self-reflection?

In the following, we present and explain the 10 research challenges that help answer the above
questions. For each challenge (illustrated with an icon), we first present the challenge and the
corresponding research questions, then provide a first draft of a research approach, followed by a
theoretical perspective pointing to relevant research work.

Challenge. What are the current and emerging tasks and responsibilities of Software Engineers
beyond traditional tasks like coding and testing? This includes the question of how AI changes
these tasks and responsibilities in the short and long term given current social developments.
It furthermore encompasses what the new tasks of Software Engineers are if an Al system does
the coding. The impact on Software Engineers’ self-perception should be investigated if one of

3.1 Understanding the Evolving Role of Software Engineers
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Fig. 2. Understanding the evolving role of a Software Engineer.

their major tasks (coding) is not carried out by themselves anymore. We also ask how new tasks
and responsibilities come into play, such as ethical checks of the system under development and
sustainability issues, to face current and future societal challenges.

Research Approach. We propose to conduct qualitative studies (e.g., interviews, ethnographic
studies) with Software Engineers, employers, and industry experts to explore these evolving roles.
Qualitative studies allow researchers to investigate emerging practices in a real-life context [140].
The initial phase involves conducting an ethnographic study to examine how Software Engineers
are currently managing the evolving roles and responsibilities that extend beyond traditional
activities such as coding and testing. It is suitable to employ ethnographic research, as it is most
appropriate to examine the behaviors of a culture-sharing group (or individuals), such as Software
Engineers [38]. Furthermore, conducting an ethnographic study is recommended because these
provide the best opportunity to gather current, reliable, comprehensive, and precise data to address
relevant research questions [134]. Betz et al. [19] find that Software Engineers still see themselves
mainly as coders that implement as they are being asked to without questioning the specifications
too much. Since this study was based on a small sample, the first step in the vision at hand is to
replicate the study with a larger number of interviewees. This larger study could, for example, use
observations and interviews and will give us the hypotheses upon which to base our confirmatory
study; see Figure 2.

Theoretical Perspective. According to Stol’s ABC [131], the right place to study the current role
of Software Engineers for the purpose of studying actors and their behavior in natural contexts
is the “jungle”: “Natural setting that exists before the researcher enters it. Minimal intrusion of
the setting to not disturb realism, only to facilitate data collection” [131, p. 13]. Sharp’s review
of ethnographic studies [125] reveals that there used to be a small set of them within Software
Engineering, most likely due to the fact that pure ethnography had been assigned lower value in
Software Engineering before also offering the evaluation of an intervention (field experiment)—this
is changing in recent years [141].

.
<€

Challenge. How does the role of Software Engineers influence broader societal issues, such as
sustainability and ethics? We propose investigating to evidence direct, indirect, and systemic effects
of Software Engineers’ practices to showcase the impacts and responsibilities they have in their
decisions. This includes how to identify possible social, individual, and environmental effects of
software systems on their surroundings. Furthermore, this encompasses how to measure and
quantify such effects as well as how to deal with the uncertainty ingrained in long-term effects.

3.2 Mapping the Societal Impact of Software Engineering
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Research Approach. We propose to investigate this with cross-disciplinary studies [85] combining
computer science with environmental sciences (also known as environmental informatics [104]) and
ethical studies to assess the societal impact of Software Engineering practices [95]. When talking
about societal impacts, one should include scenario analysis, a common method for understanding
possible futures [78], and perform validation experiments on these scenarios to identify possible
effects and chains-of-effects. To bring these results into relation with each other, we advocate
for using the Soft Systems Methodology (SSM)® as a method for systems thinking analysis to
identify and analyze positive and negative feedback loops.

Theoretical Perspective. Use frameworks of system thinking [31] to identify and assess possible
direct, indirect, and systemic effects, as well as chains of effects [20]. In addition, leverage points as
defined by Meadows [97] and applied to Software Engineering by Penzenstadler et al. [110] can be
used to look at the impacts of Software Engineering practices. Scenario analysis could be used to
assess dynamic aspects of Software Engineering technologies still under development [116].

3.3 Integration of Responsibility Considerations in Software Engineering

Challenge. How can ethical considerations, including social implications, be systematically
integrated into the evolving Software Engineering role? We wonder how a code of ethics can
be applied in the day-to-day work environment settings. This includes how to address software
design decisions to minimize the potential misuse of software systems. We need to understand
how the integration of Al facilitates or hampers such application. And whether we need a different
set of responsibility considerations when working on different types of systems (e.g., a computer
game, a procurement system or an aircraft flight control system). The latter could also be seen as
one set of considerations with more or less emphasis of different aspects (e.g., gender balance,
accessibility, and individual freedom). We propose to investigate how to design and evaluate an
approach to support responsibility engineering in daily work practice for Software Engineers that
they integrate bottom-up in to their routines.

Research Approach. Answering these questions requires assessing existing ethical and respon-
sibility frameworks for how to integrate more closely with a Software Engineer’s activities. The
first step of that analysis is to differentiate the most relevant frameworks to assess and learn from,
for example, the ACM Code of Ethics [57] as well as value-sensitive design [48, 50] and more
task-specific frameworks, as for requirements engineering [21]. Based on an understanding of
the current view of their (perceived lack of) responsibility, we envision to roll out a larger field
experiment [131] in order to investigate how Software Engineers deal with cases presented that
have ethical concerns. On this foundation, it is necessary to further develop and test frameworks
or guidelines to incorporate ethics into software development processes.

Theoretical Perspective. As stated, one of the first to look into responsibility of Software Engineers
was Gotterbarn [56] who then proceeded to initiate the ACM Code of Ethics [57]. Later on,
Génova et al. [53] as well as Grubb [61] emphasized the need for ethical education in Software
Engineering. The more technical perspective of responsibility for quality has been researched by
Schieferdecker [119].

3SSM is an approach for tackling problematical, messy situations of all kinds. It is an action-oriented process of inquiry into
problematic situations in which users learn their way from analyzing the situation to taking action to improve it. Learning
emerges through an organized process in which the situation is explored using a set of purposeful action models (each built
to encapsulate a single worldview) as intellectual devices or tools, to inform and structure the discussion about a situation
and how it could be improved [31].
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3.4 Promoting Self-Reflection and Lifelong Learning in Software Engineering

Challenge. What methods can encourage continuous self-reflection and lifelong learning among
Software Engineers? This includes how Software Engineers engage with critical reflection as well
as aspects like psychological safety in teams. Furthermore, it poses the question of how emotions
impact communication both on an individual and a team level. We also propose to investigate
how well-being influences individual and team performance. That leads to the question of how
to motivate Software Engineers to work on their self-perception. Overall, we are curious how
Software Engineers evolve along with their evolving role.

Research Approach. We propose to evaluate the practices of debrief meetings and reflective
journaling. Reflective journaling is the most common technique for personal reflection, allowing
the connection between thought and the world to be more profound and meaningful, which in turn
expands inner perspectives [37]. Subsequently, one can design and evaluate tools or programs (e.g.,
workshops, online platforms) that promote reflective practice and ongoing education. One starting
point to promote self-reflection and life-long learning could be to iteratively improve understanding
of Software Engineering’s role and the responsibility that comes with it. Explained in stages that
use the terminology of the revised Bloom taxonomy [49], we propose to approach a continued
discourse and self-reflection of one’s work practice as described in Table 1. We see the six levels of
the revised Bloom taxonomy and an explanation of their basic understanding in the left column,
then an example activity in the middle column, and more details about how this could be carried
out within a Software Engineering company in the right column.

Theoretical Perspective. Two learning approaches to use here are Gibbs’ reflective learning ap-
proach [54] and Kolb’s learning style [76]. Behavioral Software Engineering [82] has developed over
the last 10 years as an area of study, plus we get to look at lifelong learning as Software Engineers
[32]. Furthermore, there are specific aspects like psychological safety in teams and its impact on
secure Software Engineering [60], happiness of developers [59] and how to support happiness in
organizations [24], the well-being of developers [109, 112], and finding flow in community [108].

R 2
. . I L A
3.5 Assessing the Impact of Non-Technical Skills in Software Engineering *

Challenge. What non-technical skills (e.g., communication, teamwork, problem-solving, change
management) are increasingly critical for Software Engineers, and how can they be cultivated?
This includes how to better integrate target audiences like senior citizens who may struggle with
the increasing reliance on software systems for their health as well as their civic responsibilities
and administrative processes, for example, taxes and municipal services. We also are curious how
to better integrate target audiences that may not speak the local language nor are familiar with
how public administration in a given country works, for example, migrants looking for how to get
a job or extend a residence permit. It is worth pondering what non-technical skills are essential
for Software Engineering in disaster relief, and how they can be cultivated to address the growing
need for crisis management systems in the face of increasing (environmental) catastrophes such as
floods and wildfires, given the high-pressure, emotionally charged, and fast-paced nature of these
situations.

Research Approach. We propose a mixed-methods approach that combines both assessments of
Software Engineers’ capabilities and evaluations of target audiences’ needs [3, 66]. This includes
surveys and skill assessments to identify and validate the importance of these skills. Surveys are
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Table 1. Continued Discourse and Self Reflection of One’s Work Practice
Bloom’s \ Activity \ Details

Remember: Recall facts and
basic concepts

Training for sustainability
awareness

Seminar during onboarding plus
yearly update

Understand: Explain ideas or
concepts

Exemplary case study dis-
cussions

Solidify concepts in quarterly
training

Apply: Use information in
new situations

Weekly reviews with per-
sonal reflections

Ensure cognizance of ongoing
themes in self-reflection, for ex-
ample, report in daily stand-up
meetings if ethical issues occur

Analyze: Draw connections
amongst ideas

Monthly reviews of personal
reflections, for example, as
part of the sprint retrospec-
tive

Aggregate higher level reflection
to identify potential patterns

Evaluate: Justify a stand or
decision

Reviews for ethical issues in
company using focus group
meetings

Take notes to collect a database
of issues and how they are inves-
tigated, tracked and decided, for
example, include ethical issues in
user stories

Create: Produce new or orig-
inal work

Guidelines for individual
company

Develop a set of tailored guide-
lines for one’s company

used to gather evidence from a given larger population [72] and skill assessment helps to better
understand what skills are missing to what degree [28].

Additionally, we consider it vital to conduct comparative ethnographic studies [128] in classical
Software Engineering situations and during specific, critical circumstances, for example, crisis or
war, to investigate what non-technical skills are needed, and if and how they differ [79]. On this
foundation, exemplary guidelines and processes can be developed on how to develop software
under specific, critical circumstances.

Theoretical Perspective. There is a plethora of relevant work building the foundation for this topic,
from stakeholder communication [77] and communication science [18] to participatory design
[122] as well as stakeholder development especially in sustainability contexts [17]. Furthermore, we
draw from developing software systems in crisis [40, 83] for disaster preparedness that commences
with factors that motivate people to prepare, progresses through the formation of intentions, and
culminates in decisions to prepare [107]. Finally, occupational health [130] and senior citizen science
[11, 75, 117] are avenues for exploration.

\\E’/

Challenge. What competencies, tasks, and responsibilities should define the Software Engineer of
the future, considering technological advancements and societal needs? This includes the question
of what a Software Engineer needs to learn and to know in order to best fulfill their future role and
to step up to their future tasks. Given recent developments the topic also begs to investigate how
this reflects in the increased integration of AL

3.6 Defining the Ideal Role of Future Software Engineers
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Table 2. Required Competencies, Methods and Technologies for a Changing Role

Competency Method (Refines Compe- | Technology
tency) (Refines Method)
Long-term thinking [14] Systems thinking and critical | Soft systems methodology
thinking [14] [31]
Complexity theory [94] Consideration of and working | Agent based modelling [91]

in and between different ab-
straction levels
Environmental externalities | Life cycle analysis [35], sus- | Impact pathways [43]

and impacts [64] tainability assessments [23]

Diversity Equity Inclusion Ethnography [125] Data science understanding,
bridging the digital divide

Ethical concerns [52] Ethics as a skill [69] Modelling Ethics for SEs [4]

Research Approach. To research the above questions, we propose Delphi studies. Delphi studies
are instruments of prognostics, which takes place among experts from various specialist areas
[137]. It is assumed that experts possess extensive knowledge in their respective domains, enabling
them to provide well-founded estimates of potential future developments. We find it important to
include AI experts on the current and future evolution of the Al coding generators. We include
polling sustainability and ethical software engineering experts in understanding possible new tasks
and responsibilities using, for example, focus groups [2].

To identify the required new activities, tasks and responsibilities defining the new role of Software
Engineers, we present here three abstraction levels: Competencies, methods (refining competencies)
and technologies (refining methods). They help us think through this improved understanding of
roles (see Table 2).

For example, in order to consider long-term thinking during IT product and service development,
one should apply systems thinking and critical thinking using, for example, the SSM. In this case
the Software Engineering’s role would be extended with regard to responsibilities by applying
long-term thinking to raise awareness regarding sustainability issues as well as activities and tasks
supporting it (e.g., a soft systems modelling exercise).

This is an initial framework, where the different wording, methods, and tools are only a proof of
concept and can be discussed. We plan to further investigate and extend this based on a literature
study and the ethnographic study described above. We started with these competences as long-
term thinking is crucial for understanding and assessing the current Grand Challenges faced by
humanity. We added Complexity Theory as Software Systems become more and more complex also
given the current Al trend. Environmental externalities have been included as climate change is
affecting all of us, and IT Products and Services are one way to minimize negative impacts of it.
Finally, we included diversity, equity and inclusion to support the integration and leverage diverse
perspectives that promote innovation and collaboration and ethical concerns to address responsible
citizenship.

Theoretical Perspective. We recommend starting with technology forecasting [7, 33] and technol-
ogy assessment [62, 135] including its specific angle for sustainability [46]. Additionally, it is good
to utilize frameworks from occupational sociology to define and categorize the role and its tasks
and responsibilities [1] and standards such as SWEBOK [26].

ACM Transactions on Software Engineering and Methodology, Vol. 34, No. 5, Article 136. Publication date: May 2025.



136:12 S. Betz and B. Penzenstadler

W2

3.7 Navigating Role Transformation in Software Engineering /S>

Challenge. What mechanisms and strategies can be employed to guide the evolution of the Software
Engineer’s role, particularly towards more ethical and sustainable practices? We are curious what
the legislative frameworks and policies are that can support this evolution. We need to understand
their current status, whether there is enough support, and whether there is a gap that needs to
be filled via new regulations or alternative inventions. We furthermore ask how the differences
between the regulations in different countries affect Software Engineers and Software Engineer-
ing. This challenge is about top-down support of the role transformation by legal boundaries
and steering,.

Research Approach. To answer this challenge, one can look into the area of risk management and
Software Engineering and see what can be adapted [118]. Legislation to regulate engineering was
introduced in response to collapsing bridges and similar failures. For example, Canadian provinces
as well as most US States have regulatory bodies that ensure that (i) qualified engineers are easy to
identify; (ii) (licensed) engineers remain qualified; and (iii) regulatory bodies remove the license
of engineers who violate laws or codes of practice [106]. The main objective in this challenge
is to evaluate whether such a route would be more beneficial or more detrimental to Software
Engineering. For this, we need policy analysis as well as the development of legal frameworks
for guiding professional practice, incorporating stakeholder perspectives [66]. It may be worth
mentioning that there are professional bodies for Software Engineering, for example, ACM, BCS,
The Chartered Institute for IT [89], but they are weak because there is no legal nor commercial
requirement for professional registration in order to work in Software Engineering.

Theoretical Perspective. Already in 2002, Parnas made a case for licensing Software Engineers
akin to Canadian engineers [106]. Of course, there are also good reasons against such a licensing,
for example, reduced interdisciplinarity and freedom, and the drawbacks of a single professional
model [93]. Additionally, one needs to be guarded against possible self-interest of accreditation
boards [93]. Examination of the evolution of historical roles in other professions as case studies,
as for example in [90]. This needs to incorporate occupational law as well as public policy on a
national and international level.

3.8 Educational Curricula and the Future of Software Engineering

Challenge. How should educational curricula adapt to prepare Software Engineers for their evolving
roles? This includes which new skills need to be included, for example sustainability and ethics to
name two responsibilities. Furthermore, we ask how and to what extent is teaching of coding skills
needed if the technology advancements make them potentially obsolete.

Research Approach. For this topic, we propose a comparative analysis of existing curricula
in Software Engineering and related areas such as Computer Science versus emerging needs
[113]. On that foundation, software engineering education researchers can develop an adapted
curriculum with the possibility to tailor it to different countries and needs (such as a focus on
energy consumption of Al systems versus the need for responsible systems for elderly care)
[22, 100]. Those would be followed by pilot programs to test the new educational models. This
would ideally be investigated simultaneously in different countries since curricula can vary [25].
In such a research network, a joint development of adapted curricula could be defined such that
roll-out of pilot studies is orchestrated within a reasonably short evaluation period. This is necessary
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to plan for early on since curriculum changes tend to be slow and otherwise run way beyond the
time of an individual Ph.D. Subsequently, SWEBOK [26] and the ACM SE curriculum need to be
extended.

Theoretical Perspective. Pedagogy and higher education provide the backdrop for this topic,
including but not limited to standard Software Engineering curricula (e.g., [26]), sustainability
education [113], computational and systems thinking [19], limits of computational thinking [14],
and ethics education in Software Engineering [52, 61].

)
/

3.9 Role of Professional Organizations in Shaping the Software 2

Engineering Profession

Challenge. How can professional organizations influence the definition and adoption of new roles
for Software Engineers? We need to understand whether the existing professional standards are
sufficient to fulfill this task or whether they need to evolve. If so, how to integrate new topics like
sustainability, responsibility, and inclusion into standards and certification.

Research Approach. This topic asks for case studies of successful role transformations facilitated
by professional bodies, development of strategic recommendations, and lessons learned [99]. It
also requires evolution of professional certifications, for example the extension of the IREB body
of knowledge [111] or Scrum certifications, with modules around sustainability, responsibility,
inclusion, and ethics. We advocate for applying design science research to investigate and evolve
existing professional standards [10], because design science research generates knowledge and
scientific evidence by systematically developing an artifact to solve human problems in a particular
context [20, 138].

Theoretical Perspective. We integrate knowledge from organizational change management [30]
and look at knowledge transfer [29], for example, IREB Requirements Engineering Fundamentals
[115], SIGSOFT CARES [124], Scrum Master [13], Six Sigma [136], CMMI [34], and others.

T
44 M
e U/
AL//x\
gun
—~

L 4
3.10 Measuring the Effectiveness of Role Evolution in Software K '
Engineering
Challenge. How can we measure the success and impact of changes in the role of Software Engineers?
How do we identify success and impact of the developments in the workforce? This includes
investigating how we can show the effects of a positive evolution of the profession of Software
Engineering in terms of societal impact.

Research Approach. For this topic, we advocate to (i) develop metrics and an evaluation framework
that track professional development in general (what the changes are within tasks and respon-
sibilities) [36], (ii) develop metrics and an evaluation framework on an individual level for job
satisfaction [74], and (iii) develop metrics and a framework to measure societal contributions of
Software Engineers as their roles evolve. Societal contributions of software engineers have not yet
been measured [63]. All three of these can be carried out as individual Ph.D. projects.

Theoretical Perspective. Potential starting points for this challenge include evolutionary stages
for personal development [73], personal development and personality models [39], the concept of
emotional intelligence [44], as well as spiral dynamics [139] and integral dynamics [42].
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Fig. 3. Research roadmap for the role of a Software Engineer.

4 Research Roadmap for the Role of a Software Engineer

These 10 challenges aim to foster a deeper understanding and proactive shaping of the Software
Engineering profession in response to technological, societal, and ethical developments. We present
a roadmap for a line of research investigating the understanding of the role of Software Engineers
via a wide set of approaches and methods as listed in the research challenges above. The challenges
can be mapped into the research roadmap as depicted in Figure 3. The research roadmap consists
of the three phases: Expansion, Cementation, and Evaluation. The first one Expansion to increase
capabilities focuses on exploration and capability development, it builds the foundation for the
second phase Cementation into education and standards. Once these capabilities have been explored,
the next step is to formalize and institutionalize the knowledge into standard practices, educational
curricula, and technical guidelines. Finally, the last phase Evaluation of the long-term role evolution
focuses on assessing the long-term impact of the research field. Subsequently, we provide an
elaboration on the execution of the three phases. In particular, we incorporate descriptions of the
implementation of the challenges in each of the three phases.

In the first phase Expansion the challenges 3.1-3.6 are to be tackled to evolve the current role of
Software Engineers to answer the call to both shifts, immediate ones such as the adoption of Al
based approaches in coding, and long-term ones driven by the heavy societal and environmental
impacts of technology. In this phase, the first five challenges 3.1 Evolving Role of Software Engineers
to 3.5 Impact of Non-Technical Skills are all to be investigated in parallel. Additionally, they are
feeding into the last challenge in this phase 3.6 Defining the Ideal Role of Future Software Engineers.

The first phase of our research roadmap provides the necessary foundation for addressing three
of our research questions:
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—What is the role of a Software Engineer now?
—How do we keep up with the ever-evolving role and the need for continued self-reflection?
—What role we want and need to have, given that we build the systems that run the world?

In the second phase Cementation three further challenges on 3.7 Navigating Role Transformation,
3.8 Educational Curricula, and 3.9 Role of Professional Organizations are investigating how to ensure
that the evolution of new roles and their associated new tasks and responsibilities are going to be
implemented into the Software Engineer’s daily work. These challenges should be assessed as the
first phase nears completion, given that their outcomes inform the next phase. The three challenges
can and should be tackled in parallel.

Finally, the last phase Evaluation and its challenge 3.10 Measuring the Effectiveness of Role
Evolution is meant to measure and evaluate the changes and their effectiveness. Naturally, this
challenge is tackled after finishing the first two phases.

Addressing the research challenges in phase two and three helps answering the remaining two
research questions, see Figure 3:

—How to roll out and integrate the new role definition into education and practice?
—How can we steer the role change in terms of technology support, sustainability, and ethical
responsibility?

5 Conclusion

In this article, we delineate 10 research challenges pertaining to the evolving role and responsibilities
of a Software Engineer, each accompanied by critical inquiries, methodological approaches, and
theoretical foundations. We conclude with an illustrative overview (Figure 3). We assert that this
framework effectively serves as a guiding tool for future scholarly research in this domain.

However, inherent to research challenges are several limitations: First, the 10 challenges pre-
sented here are not all at the same level of abstraction. For example, challenge 3.10 Measuring the
effectiveness of role evolution in Software Engineering, is at a much higher level of abstraction than
for example challenge 3.6 Defining the ideal role of future Software Engineers. Second, we might
have missed a challenge. Third, of course, the challenges have dependencies in between them (see
Figure 3) as well as some overlaps and/or lack of sharp scope boundaries.

Nevertheless, we argue that these challenges urgently need to be addressed by Software Engi-
neering researchers in these unique times with fast changing technologies, the rise of Al as well as
grand societal challenges.
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