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Abstract

Artificial intelligence is rapidly adopted in software development
resulting in a transformation of developers’ work. This is particu-
larly important in the context of complex software systems, such
as enterprise software or cyber-physical systems, where develop-
ment involves interconnected codebases and collaboration among
multiple actors with deep domain knowledge. However, little is
known about how AI affects developers working on complex soft-
ware systems. In this paper, we examine how Al influences complex
software system developers’ work experiences through the lens
of Self-Determination Theory (SDT). We report findings from a
qualitative interview study with 14 developers involved in complex
software system development that focused on consistency man-
agement and conflict resolution. Our results show that AI use is
perceived to enhance developers’ capabilities, while simultaneously
increasing expectations regarding speed and quality of implementa-
tion. However, these benefits are accompanied by a persistent need
for human oversight to ensure consistency and alignment with com-
plex software systems. Furthermore, Al introduces tensions within
development teams which have implications for consistency man-
agement. We discuss future research opportunities for the design
of Al-based tools that support developers’ self-determination and
how to support the basic psychological needs of autonomy, com-
petence and relatedness in complex software system development
environments.
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1 Introduction and Background

Artificial Intelligence (AI)-based tools such as large language model
(LLM)-based coding assistants are increasingly integrated into soft-
ware development [8]. Al-based tools that support user interface
design, code generation, debugging, and documentation are more
and more embedded into developers’ daily workflows. As a result,
Al is quickly becoming a central component of modern software
development practice. Recent studies and industry reports suggest
that these systems can significantly increase productivity [29, 31].
At the same time, it has been recognized that Al can alter how
developers interact with other human actors and tools [10, 15, 25].

Most existing research and discussions on the impact of Al-based
tools on software development focus on relatively isolated develop-
ment tasks, such as small-scale programming activities. However, in
industry many developers work on complex software systems. We
understand a complex software system as one that is large in scale
and in the number of contributing teams [32], long-lived in that
it must keep evolving to remain useful [17], and highly intercon-
nected through dense technical and organizational dependencies
among artifacts, components, and developers [6, 20], a complexity
that is, in Brooks’ terms, essential rather than accidental [4]. Exam-
ples include enterprise software [3] and automotive cyber-physical
systems [5, 16]. In such complex environments, developers must
continuously coordinate their work with interdependent artifacts,
tools, stakeholders, and constraints [12]. A central aspect of this
type of work is consistency management [26, 27], which can involve
ensuring alignment between requirements, models, code, tests, and


https://orcid.org/0009-0008-7502-4206
https://orcid.org/0000-0002-8449-6124
https://orcid.org/0000-0001-8115-7592
https://orcid.org/0000-0001-6546-4816
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.1145/3805029.3818286
https://doi.org/10.1145/3805029.3818286

CHIWORK Adjunct °26, June 22-25, 2026, Linz, Austria

documentation. Since Al-based tools often generate and modify ex-
actly these interdependent artifacts, they intervene directly in con-
sistency management, both helping to restore consistency [14, 15]
and potentially introducing new inconsistencies must be recon-
ciled. Since this work is often collaborative, knowledge-intensive
and shaped by domain- and organization-specific requirements, the
use of Al-based tools might not only influence the efficiency of
individual tasks but also developers’ understanding of the system,
decision-making, and collaboration. Consequently, the impact of
Al-based tools in complex software system development is likely to
differ from that in smaller or more isolated development settings.
For example, while Al-generated code may accelerate certain tasks,
it may also reshape developers’ roles, their sense of control over the
development process, and how expertise is distributed within teams.
Understanding these broader impacts is essential as Al-based tools
become increasingly embedded in professional complex software
system development environments.

Recent work by Wong et al. [30] has highlighted the potential
of Self-Determination Theory (SDT) [22] - a theoretical framework
for understanding how autonomy, competence, and relatedness
shape motivation and well-being - as a lens to better understand
the human dimension of software development in general. SDT is
a macro-theory of human motivation that examines the biological,
social, and cultural conditions that support or undermine individual
well-being, based on the inherent human capacity for psychological
growth and engagement [23]. It comprises a set of mini-theories that
contribute individual perspectives on human motivation, with Basic
Psychological Need Theory (BPNT) being the most prominent one,
postulating that each human being has an innate need to experience
autonomy (i.e., experiencing volition and control over one’s actions),
relatedness (i.e., feeling connected to and supported by others), and
competence (i.e., feeling effective and capable in one’s tasks) [23].
Within the Human-Computer Interaction (HCI) research community,
SDT in general and BPNT in particular is routinely applied to
understand interactions with computing systems, e.g., in the context
of games [28], user experience design [21], persuasive technologies
[19] and most recently, as a lens on software engineering [30].
We argue that this provides a useful lens for understanding how
new technologies such as Al influences individuals’ experiences
of work and motivation. By examining the impact of Al through
the three basic psychological needs of autonomy, competence, and
relatedness, we take a first step toward informing the design of
Al-based tools that support complex software system developers’
self-determination at work.

In this paper, we raise the following research question (RQ):
How does Al impact the workplace experience of complex software sys-
tem developers, and what are implications of Al use for the satisfaction
of the three basic human needs to experience competence, autonomy,
and relatedness? We address this research question through an ex-
ploratory qualitative study in which we carried out interviews with
N=14 software developers that focused on consistency management
processes, tool usage for consistency management and the use of
Al-based tools and Al agents. Through Reflexive Thematic Analysis
[1, 2], we craft three themes: (1) The perception of performance
enhancement through Al-based tools, (2) the need for constant
quality control when leveraging Al for consistency management,
and (3) tensions that arise in this context.
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Through our work, we contribute an initial understanding of
challenges and opportunities for the use of Al in complex software
development, implications for developer competence, autonomy,
and relatedness, and lay the foundation for future research that
explores Al-based tool development for developer workplaces from
the perspective of SDT [23].

2 Methodology

To address our research question, we carry out semi-structured
interviews. Below, we detail our methodology: we first give an
overview of how SDT has been applied as our theoretical lens to
inform the interview guide, we then present the recruiting process
and participant characteristics, describe our study procedure, and
finally we present our approach to data analysis.

2.1 Interview Guide

Our interview guide is structured into four parts, socio-demographic
information, consistency management processes within the com-
pany, tool usage for consistency management and a part specif-
ically on the usage of Al tools and agents. Reflecting SDT, we
crafted individual questions, e.g., "How much scope for action and
decision-making did you have in this process?" (Autonomy), "How
well informed and capable did you feel at that moment (a specific
consistency conlflict) regarding the conflict and possible solutions?"
(Competence) and How was coordination between the involved
parties organized? (Relatedness). With respect to the basic psy-
chological needs, these questions sought to examine how the basic
psychological needs of autonomy (i.e., experiencing volition and
control over one’s actions), the need to experience competence
(i.e., feeling effective and capable in one’s tasks), and to experience
relatedness (i.e., feeling connected to and supported by others) are
supported or thwarted as a result of Al tool use.

2.2 Participants and Procedure

We recruited 14 participants via social media, word of mouth, and
a panel platform from our university that seeks to involve the lo-
cal community in research. 14 persons (1 women, 13 men and 0
non-binary persons; average age 37.92, SD=11.98) took part in the
interview study (see Appendix A for an overview). Work expe-
rience ranged from 3 to 50 years, with participants working in
the development of cyber-physical systems and complex software
systems as software engineers (both in intermediate and senior
roles), technical engineers or project managers (having previously
worked in software development). 13 participants had previous
experience in the use of Al-based tools in their own development
practice, whereas 1 person only had indirect experiences therewith
as a results of colleagues using Al A total of 4 participants entirely
rejected the use of Al in their work. Participants with a critical
stance to Al were included to reflect the heterogenous reception
of Al tools among developers. On average, interviews lasted about
45 minutes; all interviews were audio-recorded via the institution-
internally hosted video conference tool Fitsi and later on transcribed
using an internally hosted Al transcription tool based on Whisper,
in line with local data protection practice. The research protocol
was approved by the ethics committee of our university.
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2.3 Data Analysis

Data were analyzed applying Reflexive Thematic Analysis (TA) [1, 2],
following the protocol devised by Braun & Clarke [2]. This approach
is well-suited to understanding lived experience, and adopting an
inductive coding approach is in line with the exploratory nature of
our work that seeks to develop a bottom-up understanding of devel-
opers’ experiences. In the first step, the first author read and re-read
transcripts, familiarizing themselves with the data. Then, the first
author generated initial codes, which were iteratively refined and
grouped into preliminary themes. For example, the statement "With
Al tools, you can work much faster and more effectively, no matter
what you’re doing." was coded as Peceived Process Acceleration, and
later collated into Theme 1: Al enhances perceived performance,
expands individual capabilities, but raises expectations. Codes and
themes were reviewed within the research team, with the final
themes focusing on the performance enhancing effects of Al tools
and the resulting rise of expectations, the perceived need for con-
stant human review of Al-generated results, and tension created
through Al usage regarding trust and reliability of its outputs. Con-
sidering the subjective nature of reflexive TA [2], we briefly want to
reflect on our positionality [11]. We are a team of researchers with
backgrounds in HCI, Information Systems, and Psychology. Some
team members have previously worked in industry in roles inter-
facing with software development; some team members previously
or currently teach courses focusing on programming and software
engineering. We believe that Al tools can be a helpful resource for
developers, but that these must be designed in a way mindful of
human preferences.

3 Results

In the following section, we present our three main themes: Perfor-
mance enhancing factors of Al tools, the need for human review of
Al results and distrust in the capabilities of Al in complex software
system environments.

3.1 Theme 1: AI Use Enhances Perceived
Performance and Individual Capabilities,
But Raises Expectations

Participants working on complex software systems who used Al-
based tools generally highlighted a perceived acceleration of work
performance, which was also associated with shifting expectations
regarding the speed and quality at which solutions need to be im-
plemented. Working with Al agents was frequently reported to
reduce time spent on routine tasks and to enable rapid iteration of
possible solutions, especially in complex environments, as one of
the developers stated: "When working with a monolithic architecture,
it’s also helpful to ask Al tools questions about the code. I like to use
it, for example, when I want to know which paths I can take to reach
a specific part of the code" (P11). Developers also noted that they
would expect others to deliver solutions more quickly and of higher
quality, while simultaneously experiencing increased expectations
towards their own work performance due to the availability of Al
tools, e.g., "Today, after just a day or two, people are wondering why
it’s not done yet, even though I'm actually just a prompt away from
getting it done" (P4). This shift is partly rooted in the effect of Al
tools helping developers engage with tasks beyond their immediate
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area of expertise, by expanding existing skills into new areas and
compensating for missing skills, or knowledge, thereby supporting
cross-domain work, as os participant said: "Especially when I'm
working in a language that isn’t my preferred one, this helps im-
mensely. When you have a sort of pseudocode and think it should look
something like that, and then the IDE already underlines everything
in red, and you can select it and say, Convert this to JavaScript or
TypeScript" (P10). For some participants, this perceived increase in
autonomy did however lead to reduced social interaction, as they
relied less on colleagues for initial problem-solving, stating that
"It means I bother my colleagues less with silly questions, because
I can just brainstorm with AL It makes my life easier and lonelier"
(P1). Here, the interviewed developers also noted that the increased
process acceleration can introduce challenges to consistency man-
agement, as solutions generated with external Al tools may not
align with existing system structures. The need for human-in-the-
loop practices was repeatedly emphasized as essential to ensure
coherent and maintainable implementations.

3.2 Theme 2: Al Use Requires Human Expertise
and Constant Reviewing

Despite the perceived benefits for development speed and quality,
participants consistently emphasized the need for human expertise
and process knowledge as well as ongoing human review of Al-
generated output, which was particularly relevant for consistency
management. One participant stated "There was a case before where
Al was used, and there was an error in it that wasn’t caught, and
then someone commented on it, and it turned out, yeah, that was
the generated code. Yeah, so when you notice that someone basically
Jjust asked the Al in a comment or just threw it in there, so to speak.
So for me, it would be really important that people actually take a
close look at what the AI generates and don’t just accept it at face
value" (P13). Some developers also mentioned that guidelines for
Al-usage are not only self-imposed, but also enforced by company
policies that were introduced as a consequence of the emergence of
Al tools. Such Al guidelines include breaking down Al-generated
solutions into smaller components to enable more effective reviews
and reduce the risk of unintended errors and redundancies. An
example provided states: "One recommendation that we have in the
(AI) guideline is that if you are using Al-assisted tooling to make sure
that the number of changes or the number of diffs are not too high"
(P2). Based on the constant need for human control loops, some
developers emphasized that they would not be entirely replaced
by AL but that their roles would shift towards supervision and
validation of Al-generated results: I think that these standards
of quality and accuracy are just difficult to teach to Al and that
humans will continue to have a better eye for these things for a
long time to come" (P10). However, developers highlighted that
the development of complex systems and consistency assurance
remains a fundamentally human task that requires domain expertise
and an understanding of broader system contexts. Participants
further expressed concerns that isolated Al-generated solutions
may negatively impact the overall quality of implementation and
undermine the competence gain of developers, a tension we explore
in the following section.



CHIWORK Adjunct °26, June 22-25, 2026, Linz, Austria

3.3 Theme 3: Al Use Creates Tensions Related
to Trust, Effectiveness, and Expertise

Participants who used Al in their professional work and those that
decided against it expressed a variety of concerns that extended
beyond consistency management. Senior developers in particular
felt that Al tools can lead to additional workload due to flawed or
incomplete outputs when working on cyber-physical systems, with
one Al critical participant stating: "A very representative example
was when we visualized complex multi-modal data from different
physiological sensors and cameras. When an LLM was used to gen-
erate code for plotting and visualizing the data, it used some magic
numbers to decode the video packets that actually made it look like
the data itself was scrambled or desynchronized. Of course, that’s
not the case. It was a bug that was introduced in the visualization
process by the LLM itself, which was a big point of concern” (P6).
Some participants expressed a sense of distrust towards Al tools
and deliberately avoided their use, especially in contexts where
maintaining a coherent system structure was crucial. This distrust
was reinforced by experiences with Al hallucinations, which were
described as hard to identify without sufficient expertise, further
emphasizing the aforementioned need for human review. Develop-
ers with a higher level of seniority also highlighted that AT usage
among junior developers may negatively impact their skill devel-
opment by encouraging reliance on isolated solutions and limiting
their understanding of broader system structures and best practices
in software development, making consistency management more
challenging, e.g., "I think it actually causes brain rot. It is a very
harsh comment, but it’s something that I see quite a lot, and also
across the students that we have in the university, that the more LLM
usage there is, the less competent people are in developing complex
cyber-physical systems" (P6). Participants further noted that this
reliance may inhibit learning and skill maintenance, as it was seen
to reduce engagement with underlying systems and documentation,
resulting in a gradual loss of process knowledge over time. This
risk was particularly emphasized by senior developers, including
both participants with direct experience using Al-based tools in
their own development practice and participants who were more
critical of AL

4 Discussion

In this section, we first answer our research question. Then, we dis-
cuss opportunities for future work with focus on Al tools, complex
software systems development, and developer self-determination.

4.1 Answering the Research Question

We articulate the research question of how Al impacts the work-
place experience of software developers, and what are implications
of Al use for the satisfaction of the three basic human needs to ex-
perience competence, autonomy, and relatedness? Our results show
that developers’ workplace experiences were impacted by their own
or their colleagues’ use of Al tools. The strongest motivator for the
use of Al-based tools was to close skill gaps (see Section 3.1), which
is directly related to the human need to experience competence.
More critical perspectives on Al use were related to a perceived lack
of reliability of generated code (see Section 3.2), which increased
challenges related to consistency management. Here, we conclude
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that the use of Al in the development of complex software systems
affect relationships between developers of different seniority (see
section 3.3), possibly reducing the experience of relatedness.

4.2 Opportunities for the Design of Al Tools to
Support Complex Software System
Developer Self-Determination

Based on our findings, we identified three key opportunities for
the design of Al tools in complex software system development,
acknowledging that developer self-determination needs to be sup-
ported alongside their productivity.

Opportunity 1: Designing Al Tools That Develop and Aug-
ment Complex Software System Developers’ Skills and Com-
petence at Different Career Stages. Many participants in our
study applied Al to close skill gaps (see Section 3.1), but did so in
the context of their own - often extensive - development experience,
while AT use by junior developers was viewed more critically. Here,
future work should draw upon the rich body of work in Computer
Science Education (e.g., on scaffolding [7] and consequences of Al
tool use on learning [18]) and explore Al tools that adapt to different
career stages, providing scaffolding for junior developers in a way
that still enables individual skill development, and examining how
tailored AI tools can contribute to and protect the human
need to experience competence.

Opportunity 2: Designing Trustworthy and Dependable AI
Tools for Consistency Management in Complex Software
System Development Ensuring Autonomy. Our results show
that developers valued their autonomy in instances of consistency
management, and did not exclusively rely on Al (see Section 3.3) as
a result of a perceived lack of reliability. This suggests an opportu-
nity for future work to contribute transparent, explainable and
hence dependable Al support for consistency management
that supports developer autonomy. For example, trust could
be built via measures to increase transparency of when and where
Al-generated code is introduced into code bases similar to existing
efforts to attribute authorship [13] and reviewing status [24] in
software development.

Opportunity 3: Applying AI Tools With Caution to Protect
Meaningful Experiences of Relatedness in Complex Software
System Development. The use of Al tools may reduce exchange
among developers (see Section 3.1) and introduce negative inter-
actions (see Section 3.3). In consistency management and conflict
resolution, this is particularly relevant as the importance of con-
structive human negotiation has long been recognized [9]. Future
work should explore how to augment code generation tools
with opportunity for meaningful exchange within teams, ex-
plicitly designing for relatedness. For example, such tools could
turn generated suggestions into shared review objects that make
the affected requirement, linked artifacts, and the AI’s rationale
visible to multiple roles, thereby inviting brief negotiation instead
of silent acceptance or ex-post conflict resolution.

4.3 Limitations and Conclusion

Our work needs to be interpreted in the light of the exploratory and
qualitative nature of our research approach. We only include data



Exploring the Impact of Artificial Intelligence on Complex Software System Developers’ Work

from a small number of participants located in Western Europe, but
discuss these in depth. Future work should follow up with a larger
sample to achieve generalizability of results, and take into account
additional factors such as developer roles, seniority, domains, and
workplace practices in other cultures. Overall, our work contributes
to the growing body of research that highlights the tensions in
software development practice and workplace experiences in the
light of increased use of Al tools. Specifically, our study of the
application of Al in the development of complex software systems
is a starting point for the further exploration of how tailored Al
tools can contribute to software developers’ self-determination.
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A Participant Overview

Table 1: Participant Overview

Participant Experience Personnel
in Years Responsibility
P1 10 no
P2 8 no
P3 6 no
P4 12 yes
P5 29 yes
P6 4 yes
P7 13 no
P8 6 no
P9 4 no
P10 7 no
P11 3 no
P12 50 yes
P13 5 no

P14 17 no

Schadow et al.
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