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1 Introduction
Creativity has always been important to software development [45]. Creativity helps teams address
the more mundane software tasks that arise everyday as well as the more specialized but typically
more infrequent tasks aimed at yielding major product advances. For example, everyday creativity
[3], in the form of creative problem solving, aids in resolving the challenges that inevitably arise
in the commonplace tasks needed to build software. Examples of such tasks include coding a
new feature either individually [55] or collectively [57], designing an appropriate solution to
some new requirement [90], or fixing a bug [131]. The more infrequent “big-bang” (Big-C [61])
creativity is needed when major innovations are required, perhaps in re-architecting an application
to incorporate the latest Artificial Intelligence techniques or identifying new product features that
will hopefully delight customers [80]. To flourish, both forms of creativity rely on the interplay
of talented individuals [73], collaborative teams [133], and supportive environments [4]. Use of
appropriate techniques (and concomitant tools) such as whiteboarding [51], ideation [102], and
hackathons [47] aids creativity too.

Both organizations and individuals benefit from the outcomes arising from creativity in the
workplace [107]. Creativity is considered an antecedent to the innovation [9] critical for companies
to perform and grow [93]. Creativity helps companies produce novel products and improve their
processes [79] as well as work towards meeting their sustainability efforts [89]. As such, companies
rely on employees exhibiting creativity. Indeed, the World Economic Forum considered analytical
and creative thinking the two most important skills for workers in 2023 [39].

Individuals also benefit from creative work. Being creative can improve emotional well-being
[1], job satisfaction [42], and career growth [79]. Moreover, creativity is recognized as the trait
of an exceptional developer [50]. It is therefore helpful for organizations to cultivate creativity in
individuals by allowing them to express creativity at work [112].

Understudied [6], creativity in software engineering is at a watershed moment, as the emergence
of Generative AI (GenAI) could have a major impact on individuals, employers, and the products
they build. It has already been observed that GenAI can help software professionals be creative by
generating ideas for a variety of different tasks (e.g., programming, designing a UI, identifying new
potential requirements) [15], which can thereby influence the resulting products. Furthermore, if
GenAI becomes as powerful as some people believe it will in terms of taking the “rote” out of software
development [116], more or perhaps nearly all the work performed by software professionals may
necessarily be creative work, and companies may increasingly view creativity as central to software
professionals’ skills and products’ competitive advantage.

Therefore, although most research, studies, and discussions in the media have concentrated on
GenAI and programmer productivity (e.g., [14, 140]), understanding the short-term, medium-term,
and long-term impacts and connections between GenAI and creativity in software development
warrants equal, if not greater, emphasis. This article takes the first step to drawing attention to this
topic via two contributions:
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(1) Driven by a set of potential future scenarios, we articulate the many different kinds of impacts
GenAI may have on the intersection of creativity and software development by applying
the Marshall McLuhan tetrad [85] (a construct consisting of four questions for analyzing
effects of technology on society) to each of the P’s in the “4P” framework of creativity [110]
(Person, Product, Process, and Press).

(2) Derived from this analysis of potential impacts, we propose a research agenda comprised of
five interdependent themes. Together, these themes cover three tangible, more immediate
effects, namely individual capabilities, team capabilities, and products, as well as two indirect,
longer-term effects, namely unintended consequences and society.

Overall, our work calls for future research addressing both the individual potential impacts in the
tetrads as well as overarchingly each of the five themes in the context of the ongoing evolution of
GenAI. This research is needed to both amplify benefits and mitigate harms of GenAI and related
innovations.

The remainder of this article is organized as follows. In Section 2 we introduce key foundations
upon which our perspective rests. Section 3 introduces related work and Section 4 presents our
detailed exploration of the potential impacts of GenAI on creativity in software development.
Section 5 then introduces the research agenda, while Section 6 discusses its implications. Section 7
concludes the article.

2 Foundations
Numerous definitions of creativity have been proposed [111], each with a somewhat different focus.
Some address the human aspect of being creative (e.g., “Coming up with novel and useful ideas”
[5]). Others emphasize creativity in the product (e.g., “A product or response will be judged as
creative to the extent that (a) it is both a novel and appropriate, useful, correct or valuable response
to the task at hand, and (b) the task is heuristic rather than algorithmic” [2]). Yet others characterize
what the creative process (e.g., “A process of becoming sensitive to problems, deficiencies, gaps in
knowledge, missing elements, disharmonies, and so on; identifying the difficulty; searching for
solutions, making guesses, or formulating hypotheses about the deficiencies; testing and retesting
these hypotheses and possibly modifying and retesting them; and finally communicating the results”
[65]). For purposes of this article, we adopt Boden’s definition: “Creativity is the ability to come up
with ideas or artifacts that are new, surprising and valuable” [16]. This definition succinctly blends
aspects of the prior three definitions, given that the human aspects, the product, and the process
all are relevant to creativity in software development.

To explain creativity, various theoretical frameworks have been proposed over the years (e.g.,
the Systems Model of Creativity [26], the Componential Model of Creativity [4]), each reflecting
the multi-faceted nature of creativity. In this article, we utilize the 4P framework [110] and the
4C model of creativity [61]. The 4P framework considers that creativity can be explained by four
components: the Person, the Product, the Process, and the Press (environment). Person refers to the
creative individual and consists of their personality, behaviors, and skills that contribute to their
creativity. Product is the outcome of the creative process—in the case of software development,
this could be an artifact such as code or a document or the actual end-user product. Process is
the methods and techniques used to generate new ideas, such as brainstorming. Finally, Press
acknowledges the impact of the environment (e.g., social, cultural, economic, physical) on creativity.
This framework is especially well-suited to exploring creativity in software development as products
are built by teams of individuals using processes and tools operating in an environment specific
to their organization. Adopting this framework thus allows us to explore the potential impact of
GenAI on creativity in software development from a set of comprehensive, relevant, and structured
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dimensions. Complementing the 4P model is the 4C model, which considers creativity to exist on
a continuum ranging from mini-c that represents “novel and personally meaningful” creativity,
through the everyday creativity of little-c that occurs in the course of daily tasks, to Pro-c creativity
exhibited by professionals with years of experience, and ending with Big-C creativity that represents
major breakthroughs and more “big bang” creativity. Utilizing this continuum enables us to consider
a range of creative experiences exhibited by software professionals in their day-to-day work and
also when creating major new products.

3 Related Work
We briefly review relevant related work on creativity within software development, the use of GenAI
in software engineering, and research into GenAI and creativity beyond the software engineering
domain. The latter research is of interest as some of the findings may be applicable to software
development: a consideration we will return to in Section 4.

3.1 Creativity within Software Development
Creativity within software development is an understudied topic [55, 91]. For Person creativity,
only a handful of studies exist. One example finds that personality traits can predict a programmer’s
creativity [7] and another observes that having overly templated requirements can result in fixation
[90] when designing software. Product creativity also has received little attention beyond a few
studies on Open Source Software (OSS), with some claiming it is more creative than commercial
software [62, 97] and another study framing innovation in OSS projects as novel reuse of existing li-
braries [37]. Within Process creativity, much research has looked into requirements engineering [6],
such as techniques to encourage creative thinking [80] in identifying requirements. Whiteboarding
and brainstorming are popular creativity techniques used by developers [51]. These techniques,
alongside others such as mob (AKA ensemble) programming [123], are also suited for fostering
creativity in hybrid teams [57]. The environment (called “Press” in the 4P framework for historical
reasons) can affect a developer’s creativity. Working in a psychologically safe climate [34] can aid
creativity [137], as can having a supportive manager who encourages new ideas [27]. Having high
levels of team collaboration, however, can hinder creativity in software development [53]. Distance
can lead to reduced creativity since distributed software designers spend less time exploring the
problem space than co-located designers [58].

3.2 GenAI and Software Engineering
The adoption of Large Language Models (LLMs), a form of GenAI, for software development has
increased dramatically in the last few years, with a commensurate explosion in research exploring
new opportunities for LLM use in support of different development tasks (e.g., coding [14], code
review [28], testing [115], debugging [60]) and research studying how industry is grappling with
adopting LLM driven tools (e.g., [104, 113]). Two recent literature reviews [36, 54] find the majority
of research has focused on code-generation tasks, followed by testing. Neither review mentions
studies that directly target creativity, although it is indirectly hinted at when discussing potential
research into hallucinations and whether the hallucinations could be harnessed in some way, e.g.,
to identify new features [36]. Both papers also include research into the use of LLMs for tasks
that developers typically consider as creative (e.g., bug fixing), showing the potential for LLMs to
disrupt creative work. The papers, however, do not explicitly discuss creativity.

Despite the plethora of new publications that have continue to emerge on the topic of LLMs
and GenAI in software development, then, there is no research that directly examines the impact
of GenAI on creativity in software development. This is perhaps unsurprising given the lack of
research on creativity in software development more generally. Today, however, it is more important
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than ever to truly engage in research on creativity, GenAI, and software development. Such is the
purpose of this article: to raise awareness of the issue and identify important directions for future
research.

3.3 GenAI and Creativity
In contrast to software engineering, other domains including Human-Computer Interaction
(HCI), organization and business management, and cognitive science have explored the impact of
LLMs on creativity. One common research theme is investigating how humans can co-create with
GenAI for a variety of tasks commonly considered as creative including interaction design [63, 117,
129], music composition [77], writing [64, 72, 136], and research ideation [75, 108]. Many of the
studies consider how LLMs can aid idea generation (i.e., as acting as a brainstorming aid [94]) as
well as subsequent evaluation and selection of ideas.

Empirical evidence on the creativity of LLM outputs is mixed. Various studies find LLMs perform-
ing at the same level as humans on creative thinking tasks. For instance, the creativity of human
and GenAI produced stories was found to exhibit no significant differences [98]. Other studies
show GenAI outperforming humans. Consultants using GenAI [30] produced more than 40% higher
quality solutions in a controlled study, where quality was an aggregate score comprising creativity,
analytical thinking, writing proficiency, and persuasiveness. Ideas generated by chatbots were
considered more creative than those generated by humans [17]. LLMs, too, outperformed humans
in generating uncommon and creative uses for everyday objects when completing standardized
tests of divergent thinking such as the Torrance Tests of Creative Thinking (TTCT) [52] and
the Alternate Uses Task (AUT) [68, 94, 124].

Conversely, other studies highlight LLMs under-performance in comparison to humans [118].
Koivisto andGrassini [68] noted that themost creative human ideas exceeded those of chatbots while
another study comparing LLM-generated short stories to stories written by human experts found
that human-written stories significantly surpass the LLM-generated stories [22] when measured
using the TTCT creativity dimensions. Other studies have found evidence of a homogenization
effect (i.e., less semantically distinct outputs) from LLM assistance across a variety of GenAI text
and image generation tools [8, 12, 31, 99, 139]. Bias and the presence of “tropes” were also found in
a study in a comedy setting [88].

Researchers have investigated reasons for and solutions to this under-performance. The tem-
perature hyper-parameter1 of LLMs, typically expected to act as a “creativity parameter” [29], is
“[only] weakly correlated with novelty,” and overall “the influence of temperature on creativity is
far more nuanced and weak” than might be expected [103]. It could be that inadequate interaction
parameters steer users towards quickly converging on ideas rather than exploring a broad design
space [126]. Numerous studies have explored ways to increase the novelty and creativity of ideas
contributed via a LLM. These include: encouraging the user exploration of design spaces [23, 108,
126]; prompt engineering techniques to generate diverse ideas [38, 132]; persona-based approaches
where prompts define different personas [46, 75] for the LLM to adopt thereby introduce diversity
into the responses; as well as multi-agent approaches where agents are asked to role-play [78].

Finally, concerns persist that the autoregressive nature of LLMs will “prevent them from reaching
transformational creativity” [40], and that there continues to be a risk of generative monoculture,
i.e., “a significant narrowing of model output diversity relative to available training data for a given
task” despite countermeasures such as altering sampling or prompting strategies [134]. More recent
work advocates the importance of viewing humans as co-creators and developing appropriate

1The temperature hyper-parameter controls the randomness of a GenAI model’s output. A low temperature results in more
deterministic outputs whereas a high value makes the response more random, diverse, and possibly nonsensical.
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co-creation modes of interaction [19, 56, 83], and for better understanding the many tradeoffs
involved in human-AI co-creation [20, 49].

4 Exploring the Potential Impact
Much has been said about how GenAI might eventually shape software development, both in the
gray literature as opinion and reflection pieces (e.g., [21, 84, 130]) and the research literature as
research agendas and vision papers (e.g., [35, 36, 96, 114, 122]). Complementing this emerging body,
our article contributes a research agenda on a topic that has not yet received this kind of attention:
creativity in software development. To shape the research agenda we present in Section 5, we took
a two-phased approach to comprehensively and systematically explore the many potential impacts
GenAI might have on creativity in software development. First, we speculated future scenarios [32]
of how GenAI may impact creativity in software engineering. Second, using the scenarios as the
driver, we applied parts of the Disruptive Research Playbook [125] (from here on referred to as
“playbook”), which was specifically designed for identifying socially relevant software development
research questions when studying disruptive technologies (such as GenAI).

Note that for purposes of this article we take a broad view as to what activities constitute software
development. We include the traditional activities such as requirements, design, coding, and testing
as well as complementary activities (e.g., product visioning/definition, User Experience (UX), UI
design). Considering software development more broadly enables us to identify potential impacts
of GenAI on the act of software development as well as on its boundaries, i.e., the products being
developed, thus providing a richer research agenda.

In terms of potential future scenarios, much has been said about how GenAI will impact software
development, from mundane to far-fetched. Some predict, for instance, that GenAI will merely
be another tool in software professionals’ arsenals, amplifying their ability to perform work but
not replacing their jobs [33]. Others compare the current disruptive impact of GenAI on many
professions, including software development, to that of automated looms on 19th-century weavers
[86], where automation significantly changed the nature of work and led to major job displacement
[67]. A good research agenda should be based on the spectrum of possibilities rather than a single
prophecy; therefore, we drew up a series of brief, high-level scenarios intended, collectively, to
cover this spectrum. To identify the scenarios, the paper authors initially captured their various
suggestions in a shared document. Subsequently, the authors discussed, expanded, refined, and
eventually agreed on the scenarios through online and offline discussions.

The playbook builds upon the McLuhan tetrad [85] to frame the research landscape. The tetrad
facilitates analyzing potential impacts of new technologies by asking what the technology: (i)
enhances, (ii) obsolesces, (iii) retrieves (from obsolescence), and (iv) reverses into (i.e., how can its
effects change direction when pushed to extremes?). The answers to these questions can then be
used to choose specific phenomena to study, identify potential research questions, articulate higher-
level research thrusts, and determine research strategies best suited for pursuing the questions and
thrusts. Inspired by the spectrum of scenarios, we brainstormed an initial set of potential impacts
to populate a tetrad for each P of the 4P framework of creativity. We equally sought to cover the
4C framework with the impacts incorporated in each of the tetrads, since creativity is not always
(and in fact, generally not) about major innovation (Big-C). Everyday creativity (often mini-c or
little-c) and the creativity exhibited by seasoned professionals when shaping a software product
(Pro-C) are equally important. We subsequently iterated over these impacts to identify additional
impacts and refine the initial set until we settled on a broad set of potential impacts across all of
the tetrads.
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4.1 Future Scenarios
It is impossible to predict exactly how software professionals will integrate GenAI into their daily
routines. Early observations suggest that GenAI will affect how software professionals practice
creativity [15]. However, projections of what GenAI can and cannot achieve regarding creativity
support differ significantly. It is particularly important in that regard to contextualize GenAI’s
achievements in other creative tasks as discussed in Section 3.3: Much research on GenAI and its
promise for creativity tends to be about singular, relatively short tasks that are mostly unconstrained
(e.g., write a poem on some topic and in a certain style, generate alternative uses, provide a list
of ideas). While some individual software tasks can be like this (e.g., provide a snippet of code
that does “X,” generate a test case for this code, produce a set of personas), these results do not
necessarily transform more broadly to all of the creative aspects of software development. Software
development, after all, is a complex and continuous undertaking that involves numerous kinds of
constraints that influence the role of creativity. Existing code bases significantly limit what can
realistically be achieved. Customer or user requirements prevent certain choices because ultimately
the software must support their work practices. Hardware and infrastructure limitations abound.
In this much more challenging context, the ideas and contributions of GenAI may not be as helpful,
given where they need to be sited: They must be realistic with respect to the constraints, useful
towards the overall purpose and roadmap, and fit with the code that is already there. As such, the
scenarios below on the one hand contain elements that seek to replicate studies and findings from
other disciplines and on the other hand incorporate elements that tailor to the more unique needs
of creativity in software development.

Each scenario is fundamentally about the following question: (1) how well does GenAI eventually
work in the domain of software development and specifically so in supporting its creative aspects?
In other words, the scenarios range in the level of creative output and competency that GenAI is
assumed to be able to achieve when it comes to the software domain. While some people believe
that GenAI will rapidly improve and have far reaching abilities, this is far from certain given the
challenging space of software development sketched in the above. GenAI could well improve slower
than anticipated or encounter fundamental limitations that cannot be overcome, rendering it unable
to perform certain or perhaps even most creative tasks. Precisely where the limitations lie, or if they
even exist, is unknown at this time, hence our scenarios are diverse in envisioned future GenAI
creative capabilities.

Three additional questions play an important role in the scenarios we constructed: (2) to what
extent do software professionals embrace GenAI for creative work, (3) who is in charge, and (4)
does the software industry experience reduced or increased demand? As with the first question, the
answers are unknown. Speaking to the second question (to what extent do they embrace GenAI
for creative work), for the moment, we see software professionals rapidly adopting GenAI. That,
however, is not universally true for all developers and certainly not for all tasks. Indeed, most tasks
for which GenAI is being adopted are mundane [127]. As such, depending on their experiences with
GenAI when software professionals turn to more creative work, this may continue, stall, or reverse.
GenAI may turn out to be unreliable in delivering creative solutions, unsuitable for certain creative
tasks, or developers might feel their livelihood is being threatened by GenAI overtaking their
creative endeavors (witness the Screen Actors Guild and its strike [119]). As such, our scenarios
adopt a set of different stances with respect to GenAI adoption for creative software tasks.

With respect to the third question (who is in charge), we note that autonomous agents have long
been a topic in the artificial intelligence literature more broadly [41]. Current GenAI technologies
in use in software development firmly have the user in charge: through prompt engineering [82],
the software professional steers, and thus controls the outcomes. That said, studies have already
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examined ways in which autonomous GenAI agents can collaborate in creative endeavors (e.g.,
multiple autonomous agents each take on a different persona and collaborate in problem-solving
[138]). Though these studies are outside of software development thus far, several of our scenarios
consider the possibility of such autonomous agents in use and contributing to creative software
development tasks.

Finally, the fourth question (reduced or increased demand for software) considers that many
people seem to assume that the more work is automated by GenAI, the less work will be left for
software professionals. While demand does often work that way, it does not always. By lowering
the barriers to creating software and related products, GenAI may create whole new kinds of
problems and work for humans. Software development, both creative and otherwise, may therefore
experience increased demand such that all the work performed by GenAI just creates more work,
more opportunities for creativity, and more demand for more and more different kinds of software,
some of which we have yet to invent. Again, our scenarios touch upon different such possibilities.

These four parameters along which the future can significantly vary give rise to many different
scenarios. As bookends, we use two scenarios that, in adopting the human-centric viewpoint on
GenAI of both the Copenhagen manifesto [114] and Shneiderman’s Human-Centered AI [121],
we will call the “optimistic” versus “pessimistic” futures. In the optimistic scenario, software
professionals have significantly more time for creative thinking because they can offload their
mundane software development work to GenAI. Moreover, GenAI serves as a highly creative digital
partner to help them brainstorm, elaborate, and assess ideas for products, features, architectures,
UXs, bug fixes, refactorings, and more. Creative and exciting new products emerge all the time,
helping society lead a more fulfilling life. Overall, the creative capacity of the software industry is
dramatically expanded and humans remain an integral part.

Contrastingly, in the pessimistic scenario, software professionals are marginalized as GenAI
not only performs all mundane software development tasks, but also has advanced to the point
where it can do—and does with absolutely minimal direction—all of the creative work software
professionals would normally perform. The role of humans in software development work is greatly
diminished. “Software developer” is no longer a job title and there is rarely a need for creativity
from humans, with only a few master creators left driving the GenAI to create new products almost
at will and with simple, straightforward instructions. The products are nonetheless still amazing
and definitely benefit society. The creative capacity of the software industry (or better: what is left
of it) is essentially limitless, yet the human is no longer a meaningful part of the process.

As we said, these are extreme positions, so let us consider five potential scenarios that could
occur between the two extremes. Please note that these are presented in no particular order, given
that the many possible answers to each of the four questions create a multi-dimensional space
of many possibilities. These five scenarios, therefore, focus on rather different choices in this
space.

—GenAI as idea generator. GenAI as it presently is capable of assisting software professionals in
generating ideas (e.g., identifying possible stakeholders, offering alternative code snippets
that implement certain functionality, suggesting applicable design patterns) does not evolve
much in future. Software professionals learn to effectively obtain these ideas through clever
prompt engineering, but also know that the results are not fully reliable and must be filtered
and augmented carefully, with human judgment and intuition. The ideas remain just that:
ideas, both good and bad, upon which humans build further in their creative pursuit. GenAI
in this case is simply another tool in the creativity tool belt of software professionals they
can choose to use when they want to, just like techniques such as brainstorming and mob
programming. Not much changes otherwise.
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—GenAI as creative partner. GenAI fails to live up to the hype, but in select areas it actually
performs extremely well—so well, in fact, that GenAI results can be relied upon by software
professionals in the creative process. As one example, GenAI could propose novel features
by automating market intelligence and ingesting user feedback. As another example, GenAI
could serve as the critical voice in design meetings, examining proposed solutions and offering
up potential shortcomings that the software professionals should consider. In these examples,
and others like it, GenAI serves a specific role with a specific task, augmenting the otherwise
human creative process. Software professionals would remain firmly in charge of making
decisions and involving other humans’ insights and feedback. Overall, the creative process
proceeds more quickly and the results improve as well; GenAI is considered a useful, albeit
virtual partner. Human roles are shifted, but no jobs are lost.

—GenAI as dev team. GenAI has replaced most members of the human development team,
including the software architects who are normally responsible for making the main technical
decisions and the programmers who push the designs forward into code and deployment.
Specialist software professionals who interface with customers users are still valued and
employed, but they provide their input to GenAI, which does the remainder of the work of
designing new features as well as coding, testing, fixing bugs, and running AB tests [66] to
determine the best feature and design for the product’s market goals. After a successful pilot
with one team, the company pushes GenAI into all product teams, fires or reassigns personnel,
and thereby saves salary cost. Initially, the company gains a tremendous market, but after
several years, it suddenly loses its advantage as competitors have come up with much more
innovative solutions driven by human insight. GenAI provided a medium-term advantage,
but its reliance on what already exists led to it creating mediocre features. Speed provided an
advantage, but GenAI failed at providing the true innovation needed for long-term survival
of the company.

—GenAI as creative director. GenAI is in charge of the creative efforts in the organization and
it has at its disposal both human software professionals who it can tap for certain kinds of
tasks as well as a variety of other GenAI agents that each provide specialized roles. Having
been trained with data on numerous creative projects, the primary GenAI understands the
parameters of successful creative exercises, what kinds of tasks are needed when, when to
consider alternatives, under what conditions to push for more, what level of innovation and
quality of product it can rely from different human workers and different GenAI agents, and
more. It uses this knowledge to orchestrate the software professionals and other GenAIs
agents in an intricate network of activities where each actor—human or agent—is provided
with just the information it needs to get a task done. Overall visibility into what is transpiring
is lost to the software professionals, who merely see their job as providing an income. They
are busy all the time; as soon as they complete one task, another arrives at the behest of the
primary GenAI. Resulting products are innovative, though exactly how they came to be will
never quite be known.

—GenAI canceled. GenAI is capable of supporting software professionals in many different
creative tasks, ranging from everyday creative problem solving when bugs are encountered
or new UI features need to be integrated to helping software teams ideate the next innovative
new features that will help the company retain or advance its market share. Despite having
this powerful capability at hand, the software professionals in the organization have come
together and decided they will not use GenAI for their creative work, instead relying on their
own creativity and ingenuity. They are less concerned about job losses, as the company has a
seemingly endless pipeline of customers. Rather, after carefully monitoring their productivity
and creative output, they have come to the realization that, while GenAI helps them at times
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to be more efficient and at other times think of something they had not thought about, it
regularly also causes them too much rework and too much examination of suggestions that
they do not fully understand. They are particularly concerned, and indeed have on a number
of occasions, unearthed new kinds of security risks as a result of GenAI freely combining
prior work. Overall, the net gain has been minimal, if that, and despite company leadership
pushing for what it sees as an important way forward, the software professionals have put
GenAI aside and are enjoying developing more innovative and secure products on their own.

We note that the set of scenarios is not exhaustive. Moreover, the outcomes that we sketched could
well be different under each scenario, for instance by the professionals in the last scenario actually
embracing GenAI because it generates more secure solutions than they are able to themselves or
by the company in the third scenario actually maintaining its competitive advantage because the
GenAI driven solutions are not mediocre but on par with human software professionals. This is
precisely why research is needed to understand how GenAI might shape the future of creativity
in software development. Indeed, if the research discussed in Section 3.3 is any indication, it is
well likely that for the foreseeable future the precise impact of GenAI on creativity in software
work will not be conclusive, and that the details of the precise settings where the studies take place
serve as important parameters for the conclusions being drawn. We thus did not only use the above
scenarios as input for populating the tetrads, but varied the diversity of settings, human choices,
GenAI capabilities, and outcomes to generate variants of the scenarios that led to us identifying
additional potential impacts that we incorporated in the tetrads.

We also observe that the scenarios are crafted from the perspective of the capabilities of GenAI,
but clearly impact software professionals and their teams in many different ways: not only what
work they perform and how, but also their psychosocial wellbeing, sense of agency, and ability to
hone their craft. Indeed, many competing forces are exhibited by the scenarios, from capabilities
of the GenAI versus those needed by software professionals, to company desires versus those of
the professionals, to short term impacts versus medium and long term impacts. These human and
other factors are equally considered by the tetrads that we present in the next section.

Finally, we expressly withhold judgment as to what outcomes are considered “good” or “bad” in
these scenarios. Clearly, the scenarios implicitly hint at a range of deeply ethical considerations.
Rather than positioning ourselves as “for” GenAI or “against” GenAI in software development, or
for certain forms of GenAI to be acceptable in the software profession and others not, we feel a
neutral research agenda as presented in Section 5 is more appropriate. We nonetheless return to
the topic of ethics in the discussion presented in Section 6.

4.2 Tetrads
To use the McLuhan tetrad, we select GenAI as our disruptive technology and limit the phenom-
ena under consideration to creativity in software development. We specifically combine GenAI,
creativity in software development, and the 4P framework (Person, Product, Process, Press) using
four tetrads; one for each of the Ps. The Person tetrad, for example, poses four questions:

(1) How does GenAI enhance an individual’s creativity?
(2) Which creative outcomes become obsolete due to GenAI?
(3) What previous creative outcomes could GenAI bring back to the foreground?
(4) If overly relied upon, how could GenAI disrupt creative outcomes?

The authors together brainstormed answers across each of the four tetrads. While brainstorming,
they referred to the future scenarios discussed earlier and considered the impact on both creativity
in the everyday work of software teams and the “big-bang” creativity common to major innovations,
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Table 1. McLuhan’s Tetrad Considering Potential Impacts of GenAI on Person (Software Professional)
Creativity

ENHANCES
How does GenAI enhance an individual’s creativity?

OBSOLESCES
Which factors considered relevant to an individual’s creativity become obsolete
due to GenAI?

Idea Generation. GenAI provides potential starting points for brainstorming,
offers alternative creative directions, and helps avoid design fixation.
Cross-Domain Inspiration. Exposing software professionals to ideas and solu-
tions from other fields broadens creative stimulation.
Faster Debugging. Bugs can sometimes be vexing. GenAI provides creative
suggestions tailored to the local codebase for how to diagnose them.
Being Thorough. GenAI provides checklists of things for software professionals
to think about as they work.
Understanding Stakeholders. By impersonating different stakeholders (e.g., a
tester to identify edge cases), GenAI brings valuable knowledge to creative
tasks.
Choosing Right. An individual’s alternative designs are assessed and compared
per architectural fitness functions and other criteria by GenAI to assist soft-
ware professionals in choosing the optimal solution for a given situation.

Differences in Personality Traits.Anyone can be creative irrespective of whether
they have traits commonly associated with creativity (e.g., Openness).
Deep Thinking. Software professionals offload (part of) their creative thought
process so time for deep thinking is no longer required or at least reduced.
Reflection. Long considered important to breaking through challenging prob-
lems, reflection on the problem or solutions is no longer required.
Expertise. No longer required, as all relevant domain and technical knowledge
is provided by GenAI.
Mentorship. Other software professionals no longer need to serve as mentors,
since GenAI provides personalized feedback and learning opportunities.

RETRIEVES
What factors relevant to an individual’s creativity could GenAI bring back to
the foreground?

REVERSES INTO
What does GenAI do to an individual’s creativity when GenAI is pushed to
extremes or overused?

Sketching.Withmore time and to balance interactions with GenAI, the practice
of manually sketching designs and random doodling becomes ubiquitous
among software professionals and helps drive creativity.
Verification. Skills in reading and interpreting ideas and solutions, as well as
applying formal verification, return to ensure GenAI’s ideas and solutions are
valid and appropriate.
Creative Work. Software professionals, with more time to engage in fun,
creative work, come up with what are actually unique and groundbreaking
ideas, as opposed to ideas within the confines of being beholden to productivity
demands and marketing promises.

Rubber Stamping. Instead of software professionals being experts who carefully
judge and augment GenAI’s output, they subjugate themselves to GenAI
expertise and no longer push their own critical thinking.
Loss of Consideration of Alternatives.A human tendency is to be biased towards
the ideas near the top of a list, which may lead to insufficient exploration of
the alternatives offered by GenAI.
Loss of Creative Skills. As GenAI takes over more and more creative tasks,
software professionals lose their critical thinking and problem-solving skills
and are no longer able to address situations where GenAI fails.

so to cover both the day-to-day problem-solving that drives software development all the time
and the more infrequent, high-level visioning of products and their features. Tables 1–4 show the
four resulting tetrads. We encourage the reader to carefully study the content of each, and perhaps
augment them with their own projections as answers to the questions.

Continuing with the example of the Person component of creativity, Table 1 contains various
potential impacts of GenAI on the Person, out of which we highlight a few here that we consider
particularly important. Note that we do not necessarily predict all of these will happen. Additionally,
note that each of the stated impacts may only happen to a smaller or much smaller degree of effect
than our brief, rather absolutely stated entries in the tetrads imply. Moreover, it could be that
certain impacts only occur for some portion of the full population of software professionals and
software teams, or only in certain settings. Nonetheless, by considering the breadth of potential
impacts, a thoughtful research agenda can be shaped. While creativity could be enhanced by GenAI
assisting with idea generation and providing cross-domain inspiration, there is a risk that at the
extremes software professionals rely so much on GenAI for creativity that they stop considering
alternatives and lose the creative skills critical to software development. The potential also exists for
GenAI to obsolete factors known to aid creativity such as personality traits and expertise, as these are
no longer relevant when GenAI helps the individual be creative. GenAI could indeed be a great
leveler, bringing all software professionals to the same creative level. However, using GenAI will
require software professionals to continue to hone their verification skills to ensure the generated
ideas are valid.

Product creativity (Table 2) may be enhanced if the use of GenAI allows the rate of delivery of
new, innovative features to be increased alongside customized UXs. On the flip side, there is a risk
that products become homogenized due to an over-reliance on GenAI to determine new features as
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Table 2. McLuhan’s Tetrad That Considers Potential Impacts of GenAI on Product Creativity

ENHANCES
How does GenAI enhance creative outcomes?

OBSOLESCES
Which creative outcomes become obsolete due to GenAI?

Continuous Enhancement. With continuous deployment as the backdrop, the
use of GenAI speeds up the stream of new, innovative, and valuable product
features.
Customized UXs. GenAI makes products more appealing and useful to users
by helping create highly personalized and adaptive UXs.
Taking Stock. GenAI analyzes market trends, user feedback, and product
performance to help companies identify product opportunities and enhance-
ments.
Making the Impossible Possible. GenAI allows teams to build software systems
that are intractable with today’s technology.
New Product Ideation. GenAI promotes radical innovation by identifying en-
tirely new classes of products that people never realized were needed.

Standard Solutions. Solutions that are copycats will become a thing of the past
because GenAI provides tailored solutions that uniquely fit each situation.
Frameworks. Since every application is generated quickly and directly through
prompt engineering, general-purpose frameworks are no longer required and
replaced by custom-generated code.
Intermediate Design Artifacts.WithGenAI, typical intermediate design artifacts
such as concept sketches, wireframes, UML diagrams, and the like are longer
be needed.
Art. The art that goes into software, such as iconography, color schemes, and
GUI layouts, is all automatically generated, no longer needing to be designed
manually.
Specialized Artifacts. Because GenAI inherently knows about everything,
artifacts that once were considered the domain of specialists (e.g., music and
level design in computer games, database design for enterprise systems) are
simply generated, and no longer require creative human engagement.

RETRIEVES
What previous creative outcomes could GenAI bring back to the foreground?

REVERSES INTO
If overtly relied upon, how could GenAI disrupt creative outcomes?

Patterns and Styles. While still considered important overall, thousands of
patterns and styles exist that are much less frequently accessed and leveraged
than the handful everyone knows. These are now readily brought to bear to
any software design problem through GenAI.
Old Designs. Design solutions embedded in old software that has long been
forgotten work very well for newer situations, whether outright or indirectly
in a new interface or language.
Analog Design Principles. There is a renewed interest in analog design princi-
ples and their integration into digital products, driven by GenAI’s ability to
synthesize and apply wide-ranging and cross-domain design philosophies.

Echo Chamber. Ideas and software solutions created by GenAI infiltrate the
training data of future GenAI, causing GenAI to become self-reinforcing and
no longer creative.
Homogeneous Products. Different software professionals all choose the same
recommended ideas, thereby reducing the diversity of products in the market.
Overly Creative Products. GenAI’s suggestions are too complex or too different
and thereby not effective for situations where routine products suffice.
Biased Products.GenAI invariably contains various biases. As a result, products
could be exclusionary to certain users or become too general when data and
model scientists overcompensate for the biases.
Harmful Products. GenAI could generate harmful products by replicating
harmful features that are common in its dataset (e.g., UX dark patterns, ad-
dictive game features, encryption backdoors).

well as a risk that harmful products incorporating dark patterns2 could proliferate. In using GenAI,
common frameworks may no longer be required as all code is generated from the ground-up, but
interest in analog design principles3 may be revived due to GenAI incorporating wide-ranging design
philosophies.

Since GenAI is a tool, it is not surprising that the creative process could be impacted in numerous
ways (Table 3), such as a creative process that benefits from GenAI automating more mundane
tasks or GenAI acting as the moderator in practices such as brainstorming, thereby leading to better
outcomes. However, if GenAI is relied upon too much, software professionals might lose their creative
intuition or experience a loss of trust in their colleagues. Siloed specializations may become eliminated
as GenAI enables software professionals to contribute to creative work outside their own area.
Additionally, the need for design techniques such as user studies with real people may become
obsolete, as GenAI can simulate the people. However, using GenAI may further promote tasks used
today to stimulate creativity such as pair programming and idea generation techniques in order to
solve problems too complex for GenAI or to provoke solutions that differ from GenAI generated
ones.

Ways in which the creative environment (Table 4) could be impacted include contextual infor-
mation being provided automatically by GenAI listening in and offering suggestions, or, taken to
extremes, software professionals losing pride in their work since GenAI does all of the interesting
creative work. Colleagues may no longer be needed as GenAI can do all the support work needed
to design, build, and deploy a new system. It may also be more important for management to be
supportive of developer creativity as creativity will be a strategic business differentiator.

2So called dark patterns trick users into taking actions they may not have taken otherwise, often to the benefit of companies
[48].
3Analog design makes use of tactile materials such as pen and paper as opposed to digital design software and hardware
inputs [18].
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Table 3. McLuhan’s Tetrad That Considers Potential Impacts of GenAI on Process Creativity

ENHANCES
How does GenAI enhance creative processes?

OBSOLESCES
Which creative processes become obsolete due to GenAI?

Mundane Activities. Important activities that feed into creativity (e.g., com-
petitor analysis) are performed by GenAI, relieving the software professional
from having to engage in these.
Rapid Prototyping. GenAI automates the process of going from rough ideas to
prototypes, experimentation, reflection, and iteration.
Collaboration. GenAI helps bridge diverse team members and diverse teams
by synthesizing inputs, explaining different perspectives, helping overcome
terminology barriers, and suggesting non-obvious, integrative solutions.
On-Demand Creativity. GenAI understands when and what kind of creativity
is needed at what points in the development process; it suggests the best
hybrid team of software professionals and GenAI agents.
Moderation. Brainstorming and other creative activities are no longer led by a
human, but GenAI orchestrates these activities entirely, continuously steering
participants in the right direction.

Brainstorming. Structured or unstructured idea generation is no longer needed
since GenAI takes the place of these kinds of human sessions.
Siloed Specializations. Divisions between specialized roles in organizations
and creative processes blur as GenAI enables any software professional to
engage in and meaningfully contribute to many different tasks of interest.
Design Techniques. Techniques such as user studies, focus groups, cognitive
walkthroughs, and others are no longer needed since GenAI understands user
demands and desires.
Hiring Specialist Design and Innovation Companies (e.g., IDEO). With GenAI,
specialist design and visioning companies are no longer needed to develop
innovative approaches to complex problems.

RETRIEVES
What previous creative processes could GenAI bring back to the foreground?

REVERSES INTO
If overtly relied upon, how could GenAI disrupt creative processes?

Pair Programming. Programming in pairs or even mobs is a vehicle for creative
problem-solving. Pair or mob programming happens today, but becomes much
more important to address the remaining challenging problems GenAI cannot
solve.
Idea Generation Techniques. To counter GenAI providing mundane solutions,
organizations prioritize and amplify events and techniques for out-of-the-box
thinking, including brainstorming, hackathons, design thinking sprints, and
so on, making them part-and-parcel of the everyday experience of software
professionals (rather than infrequent, special encounters).
Analog Creativity Techniques. There is a resurgence in the use of analog cre-
ativity techniques (e.g., paper prototyping), as teams seek to balance GenAI’s
capabilities with tangible, hands-on methods that foster deep thinking and
innovation.
Manual User Research. To avoid becoming entirely disconnected from the cus-
tomers, manual user research makes a resurgence to shape how the company
or team drives GenAI to generate their products.
Studying Other Domains. A source of inspiration is to study other systems,
other domains, and even other disciplines. With extra time, and the pressure
to come up with novel ideas all the time, software professionals engage con-
tinuously and deliberately with adjacent and other systems and fields.

Loss of Intuition. The nuanced, intuitive aspects of decision making that often
pervade how teams ultimately make the right choices is undermined as teams
grow accustomed to deferring to GenAI’s data-driven suggestions that “must
be right.”
Loss of Trust with One Another. Since interacting with GenAI causes software
professionals to rarely get to work with colleagues anymore, they lose their
ability to constructively disagree and resolve such disagreements, which is a
key ingredient for the emergence of creative solutions.
Job Losses. Multiple GenAIs, under the leadership of an overarching GenAI,
successfully participate in creative idea generation and synthesis, obviating
the need for human creative software teams and their practices.
Roteness of the Software Professional’s Role. The GenAI has taken over all
creative duties and all that remains for the software professional is to fill in
rote work that GenAI somehow cannot complete (e.g., documenting features,
minimal programming to glue GenAI generated components together).
Kafkaesque Unaccountability. The more creative processes rely on GenAI, the
more anything GenAI cannot do (or cannot do well) appears impossible, in
the same way today’s administrators often say “the system won’t let us do
that.” The world is populated with unknown systems that seemingly cannot
be changed and for which no organization can be held accountable.

Taken collectively, the tetrads reveal many potential impacts for using GenAI for creativity in
software development. Several impacts are contradictory, reflecting the differences among the
scenarios, uncertainty as to which GenAI capabilities will emerge over time, and variability in how
software professionals might respond to these capabilities. For example, within the creative process
(Table 3), GenAI may negate the need for traditional design techniques such as focus groups as
GenAI can determine users’ needs and feedback through simulation. Software professionals could
embrace this capability, since user research is difficult and time-consuming. Contrarily, there may be
a resurgence in human-centered design techniques to complement the support afforded by GenAI,
precisely because software professionals do not trust the results from GenAI and feel the need to
be more closely connected with their user base for a more true understanding of their needs (and
thus an improved ability to guide product development as compared to indiscriminately following
GenAIs suggestions). Other potential impacts appear related, with similar impacts appearing in
more than one tetrad. For example, concerns about the impacts of reduced human contributions to
creativity are noted in the “reverses into” dimension within the Person, Process, and Press tetrads.
While only some of the many impacts noted here may come to pass and, as mentioned previously,
the extent to which some of them become reality might vary significantly depending on individual,
team and setting, collectively they reveal the breadth of considerations that future research must
consider.

5 Research Agenda
The four tetrads (Tables 1–4) articulate numerous potential impacts of using GenAI for creativity
in software development. Each of them can lead to research questions (e.g., “How does GenAI
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Table 4. McLuhan’s Tetrad That Considers Potential Impacts of GenAI on Press (Environment) Creativity

ENHANCES
How does GenAI enhance the environmental conditions that promote creativity?

OBSOLESCES
Which environmental conditions become obsolete due to GenAI?

Discoverability of Contextual Information. GenAI helps surface contextual
information by listening to conversations and continuously sharing relevant
information (e.g., projecting potential design options on a wall).
Environmental Inspiration. GenAI curates environmental settings (e.g., light,
sound, visuals) to inspire creativity based on the task at hand (whether for an
individual or a team working together), even dynamically adapting settings
based on progress.
Team Assembly. GenAI knows who has what skills, experiences, and knowl-
edge, and thereby suggests the ideal teams for different creative tasks, making
sure the right people are in the room.
Virtual Effectiveness. Technology for working together remotely (e.g., Zoom,
Virtual Reality meeting spaces) is enhanced with GenAI features that approach
or even surpass the benefits of physical co-location, fostering creativity among
distributed and/or hybrid teams.
Psychological Safety. By creatively sparring with GenAI rather than colleagues
or team leads, software professionals brainstorm more freely and toss out
many more creative (and not-so-creative) ideas than they otherwise would.
Voice of Reason. GenAI logically and rationally considers the wider impact of
what is being asked of it and prevents software that brings harm to humans
and other species from being developed and deployed.
Increased Risk Taking.GenAI encourages organizations to take creative risks by
decreasing the effort associated with releasing software changes and enabling
instant pivots should issues arise.

Whiteboards sketches, sticky notes, etc. Traditional tools used in creative ac-
tivities may no longer be needed, because software professionals simply tell
GenAI their thoughts and it produces their virtual equivalents instantly.
Cubicles. Traditional cubicles are finally abolished, as software development
has become all about creativity, with no more rote tasks that require individual
concentration and focus.
Stagnant Spaces. Fixed layouts and functions of certain spaces (e.g., meeting
rooms, lounge spaces) disappear in favor of spaces that dynamically adjust
to facilitate different modes of creative work, particularly involving hybrid
software professional and GenAI agent teams.
Offices. With creativity the sole surviving skill, work can be performed any-
where, with no need for an office, whether at work or at home. The park is a
great place to think.
Colleagues. With GenAI support, individual software professionals design,
create, and deploy any system the users ask for, alleviating the need for
colleagues in the creative process, whether informally via typical chance
encounters or formally through explicitly working as a team.

RETRIEVES
What environmental conditions could GenAI bring back to the foreground?

REVERSES INTO
If overly relied upon, how could GenAI disrupt environmental conditions?

Physical Movement.As GenAI takes over tasks that traditionally required being
seated at a desk, there may be a revival of designing spaces that encourage
physical movement and its relationship to creative thinking.
Supportive Management. Often, creativity—especially everyday creativity—is
not recognized as part of day-to-day business. By reinforcing creativity’s role
in achieving a competitive advantage, GenAI gives individuals more freedom
to express their creativity and be recognized for it by management. Indeed,
management may even proactively encourage individuals to build slack time
in their schedules to promote creative thinking.

Sabotage. Software professionals are so enraged with their jobs being taken,
they sabotage GenAI so that it under-performs and underwhelms, eventually
becoming obsolete.
Isolation. Individuals interact more with GenAI than with each other, stifling
spontaneous human interactions that spark creativity and leading to isolation
more generally.
Reduced Pride. Software professionals feel they have less agency to be creative,
as GenAI does it all for them. They lose motivation, pride, and enjoyment
from their work as they can no longer express themselves creatively. They
may quit or suffer poor mental well-being.
Management Pressure. By making creativity the sole source of competitive
advantage, GenAI increases pressure on software professionals to be creative,
unintentionally undercutting performance as people tend to be less creative
when under too much pressure.
Inability to Speak Up. Management places so much trust in GenAI that indi-
viduals feel unable to question the GenAI’s outputs.
Creativity–Whatever. Because anyone can be creative with GenAI, software
professionals are interchangeable and creativity is no longer appreciated as
anything special, thus paradoxically becoming an undervalued skill.
Degradation of Nature. Over-relying on GenAI produces enormous amounts
of pollution (via electricity usage), further degrading the natural environment.

affect prototyping effort?” or hypotheses (e.g., adopting GenAI tool “X” decreases prototyping
effort) that can be tested with an appropriate research method (e.g., quantitative data obtained
from industry)—Steps 3 and 4 in the Disruptive Research Playbook [125]. Similarly, a laboratory
experiment could help determine whether cognitive biases (e.g., design fixation) persist when
using GenAI; an interpretivist case study of a software team could investigate the impact of GenAI
on the creative process when they work on identifying new features for an existing product;
or a longitudinal questionnaire could investigate changes in psychological safety and perceived
management support for creativity after adopting GenAI, as posited in the press tetrad. Many more
such studies could be designed for each of the identified impacts. All of them, too, will need to be
replicated for different individuals, teams, products, and settings to understand more generally
applicable impacts versus more contextualized impacts.

Space is insufficient to present the flood of research questions that would result from systemati-
cally generating hypotheses and research questions from the scenarios and tetrads. We instead
organize our research agenda for creativity, GenAI, and software development along five high-level
themes that we identified by grouping and refining broadly similar impacts across the four tetrads.
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The first three themes cover three tangible, more immediate effects, namely: (1) individual capabil-
ities, (2) team capabilities, and (3) products. The next two themes concern indirect, longer-term
effects, namely: (4) unintended consequences and (5) societal impacts. For each theme, we offer
several indicative and we feel particularly important research directions (not a comprehensive list)
that cover a multitude of research questions. The latter two themes begin to converge on themes
concerning many scholars from other domains—the broader impact of GenAI generally, and not
just creativity, on all of society.

5.1 Theme 1: Individual Capabilities
Many of the identified impacts across the tetrads imply that creativity of the individual will increase,
for two overarching predicted effects: (1) GenAI provides creativity support through idea generation,
including cross-domain inspiration, as well as constructive critique on human-generated ideas,
and (2) GenAI absorbs the mundane aspects of software development and creative work, thereby
providing more time for software professionals to ponder, doodle, and come up with novel solutions.
However, it is unclear if the individual will truly be more creative and in what aspects of their
work (if at all). Various natural human responses may instead lead to less creative exploration
(e.g., rubber stamping and loss of consideration of alternatives as identified in Table 1, “reverses
into”), and necessary skills may deteriorate over time. At the most fundamental level, then, research
is needed to study whether GenAI helps software professionals be more creative, and if so, for
what tasks, how it helps, and whether creativity persists over time. Given that this can depend on
how GenAI is made available to them and how it is integrated into their day-to-day tool usage,
experimentation with new kinds of tools and studying emerging working practices will be equally
important. Thus three important research directions are:

—Understanding how software professionals incorporate GenAI into their creative work practices.
This almost goes without saying as the first area on which to focus, but building an under-
standing of how software professionals use GenAI in their creative work, for which tasks,
and how individual differences such as personality may change their engagement provides
an important baseline, identifying both what works well and does not work well. Strengths
and weaknesses of GenAI when it comes to supporting, integrating with, and enhancing
creative software development tasks can be identified. Studies should be repeated over time
to understand changing patterns of adoption.

—Designing new tools that help software professionals be creative when, where, and how so desired.
We already have seen integration of GenAI capabilities into commercial tools used in creative
work (e.g., Miro [87]). Many creative tasks are not supported yet, however, and most tool
support to date focuses on offering up solutions. More comprehensive tools that not only
suggest solutions, but also offer critique, act as a creative sparring partner, and embed best
practices of how to engage in creative work without inadvertently exhibiting bias are needed.
Such tools can, and should, build upon the rich research into Creativity Support Tools [43].

—Assessing whether individual software professionals actually engage in more creative behaviors
with GenAI. Simply adopting GenAI tools is not a guarantee that the creative behavior of
software professionals is enhanced. Just as recent studies cast some doubt on the productivity
effects of GenAI (e.g., [70]), and existing studies of GenAI for other types of creative work
document mixed results (e.g., [22]), studies need to be performed that carefully assess the
impact of GenAI on creativity in software development, perhaps using standard tests such
as TTCT and AUT (see Section 3.3). The results may be surprising and potentially quite
context dependent. Laboratory studies should not be entirely trusted, and complemented with
in-the-field research.
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5.2 Theme 2: Team Capabilities
While “team” does not appear as a tetrad, there is an implied impact on teams and their ability
to be creative in a number of the tetrads, especially in the Process tetrad (Table 3) but also the
Press tetrad (Table 4) as the environment surrounding a team can influence the creativity exhibited.
Our concern here goes beyond multiple team members using GenAI individually; rather, the core
question is whether GenAI interjected in teamwork enhances the team’s overall ability to be
creative, and if so, how. This is a more complex research challenge, involving new tool development
that leverages GenAI for innovative purposes, with functionality that can be invoked (e.g., mundane
activities, rapid prototyping) or could be more autonomous in nature (e.g., moderation, contextual
information). How teams respond to such functionality, whether they are comfortable working
with or under the direction of GenAI, and if it makes a difference will equally need to be studied.
Three key research directions in this space include:

—Understanding how software teams incorporate GenAI into their creative work practices. An
individual adopting GenAI for their own work is different from a team that intensely works
together, perhaps in a 24-hour hackathon to identify new product possibilities or maybe in
a meeting diagnosing a major security risk in the code. Having participants use GenAI as
part of such team settings may change team dynamics drastically, as well as how meetings
and discussions proceed. Research is needed to study how individuals succeed and do not
succeed bringing GenAI into team settings. Is it socially acceptable? Do the results of GenAI
actually help the meeting and discussion along, or are they largely set aside? What are some
best practices for team members to incorporate GenAI usage in different team activities?

—Supporting hybrid human-GenAI team creativity. One role for GenAI in creative teamwork
is to remain passive: providing its results in response to human prompts, whether in being
asked to contribute ideas, verify a design under construction, or help a programmer pair
tackle a gnarly hardware constraint by making some creative suggestions to work around
it. A different role would be for GenAI to be a proactive participant in the creative work,
intervening when it sees fit. As we mentioned, such GenAI agents are already being explored
in other creative field (e.g., [78]). Studies are needed to understand the potential of such agents
or even teams of agents in software development creative work, how such agents must be
scaffolded in meeting tools that are accepted by software professionals, and whether their use
would lead to a higher level of creativity in the conversation than humans only.

—Amplifying human team effectiveness. Much is known about what distinguishes effective,
high-performing teams from those that are less effective. Factors such as the diversity of
perspectives brought by different team members [81], psychological safety to contribute
nonsense ideas or make mistakes [137], and enabling everyone to meaningful participate
[101] are just a few factors that have been shown to play an important role in improving the
creativity of teams. Yet, few teams have the wherewithal and ability to consistently perform
at a high creative level. GenAI that, rather than focusing on contributing thoughts tied to
creative results, focus on understanding and steering creative activities instead represents an
interesting opportunity. Exploring whether GenAI can help moderate and direct teams (or
hybrid human-GenAI teams as in the previous point) towards especially creative workflows,
practices, and conversations is an important albeit likely challenging endeavor.

5.3 Theme 3: The Product
Software professionals build products and, as the Product tetrad (Table 2) reveals, many poten-
tial impacts exist on the product and they are not all positive. On the one hand, by virtue of
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GenAI identifying best practices (e.g., UI patterns, architectural models), retrieving old designs
that have been forgotten but are applicable to the problem at hand, and offering a stream of novel
ideas, the quality of the code underlying a product could increase and the resulting product could
provide tailored UXs, leading to delighted customers. Additionally, because mundane tasks are
offloaded to GenAI, software professionals can spend more time being creative and come up with
more and more novel ideas. On the other hand, the professionals may well trust results from
GenAI too much and not inspect them as they should, leading to poorer quality and products that
are unsuccessful because they miss the mark. Longer term, GenAI usage may lead to homoge-
nized products. Three primary potential research directions concerning creativity, GenAI, and the
product are:

—Understanding customer satisfaction with GenAI created software products. Customers are the
ultimate recipients of the product, with users and other stakeholders in the organization
needing to be satisfied with their experiences with it. As such, changes in how products
are conceived, be it in how entirely new products or new features are identified or in how
they are designed and implemented, can significantly impact customer satisfaction. Assessing
whether features designed with the help of GenAI, or even exclusively by GenAI, lead to
a similar or different level of satisfaction are needed. This is perhaps especially true when
products and features are heavily customized towards each individual user: Does that lead to
better or worse UXs? Similarly, if product homogeneity occurs, does this lead to customer
dissatisfaction because a lack of innovation, or does it not as maybe customers do not care
or actually appreciate familiarity. It is important for these kinds of research questions to be
answered with real users, since products that are too different to the norm due to rampant
creativity may actually lead to dissatisfaction.

—Assessing impact on long-term product sustainability. Increased creativity in the functionality
of a software system does not necessarily correlate to an underlying software architecture that
can easily absorb a continuous stream of ever-evolving requests for innovative (and thus likely
more invasive) features. As such, studies are needed that assess the longer-term impact of
continuously adding creative new features on software’s technical debt, whether a difference
exists if those features are identified by GenAI but programmed by software professionals
or if those features are automatically programmed by GenAI, and what it all means for the
pace of development as it may ultimately become slower because of inextricably mounting
technical debt.

—Tracking the ecosystem. Software is not developed in a vacuum. Indeed, a known phenomenon
is copycats: When a unique new product or feature enters the ecosystem, copies of it in
somewhat altered form follow (e.g., when Flappy Bird was released, many clones appeared
in the appstore in the following months [74]). So it is in the commercial world of software:
Software companies often clone their competitors outright or borrow features. GenAI relying
on other software for inspiration is not necessarily a new phenomenon.4 Its ability to do so near
instantly, however, could have a serious impact on the ecosystem, especially if human creativity
makes way for GenAI driven creativity, which as we discussed may lead to homogeneity.
Understanding the evolving entire ecosystem of all software being produced and whether
it as a whole becomes more creative (diverse, innovative) is therefore of importance. This,
perhaps, could be studied on a domain-by-domain basis (e.g., games, finance).

4We speak to the ethics of GenAI relying on the actual source code written by others in Section 6.
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5.4 Theme 4: Unintended Consequences
In focusing on the “obsolesces” and “reverses into” impacts across all four tetrads (Tables 1–4),
there are unintended consequences to the Person, Product, Process, and Press from adopting GenAI
for software development. Some examples include the potential for a reduction in mentorship from
experienced colleagues when GenAI is the sparring partner, biases introduced more readily due
to the reliance on GenAI being the creative, and a loss of office space (whether one’s personal
cubicle, creativity inducing spaces, or entire office buildings) where software professionals work
as colleagues and develop important working relationships with one another. These unintended
consequences may take time to play out, but we should begin thinking about them now because it
will take time to create the measurement models and instruments needed to assess these effects
[109]. Three important directions include:

—Understanding GenAI models and their potential for propagating issues in software. Much has
already been said (e.g., [59]) about GenAI models only being as good as their training data
and, thus, inheriting the flaws in the training data. While population bias has clearly been
identified as a very significant issue more generally [95], an important issue for GenAI and
creativity concerns the flaws that exist in the software that is collectively used as training
data, as well as how that training data is ingested and processed before it turns into a model.
Security concerns [135], accessibility biases [44], broken UIs, nefarious UIs, privacy-invading
tracking code, and more may all be propagated when a software professional merely prompts
GenAI to engineer a creative new application for them. With the code simply being generated,
novelty “wins” at the expense of flawed systems. Detecting such flaws is difficult. Perhaps
explainable AI might be an avenue of support, but if its vision does not come to fruition,
an important line of research will be detecting problems in how models ingest and process
systems that have known problems, so to avoid it becoming part of future applications. If, in
turn, that research does not yield results, GenAI-induced creativity hits a ceiling, as it should
then not be used to automatically generate software directly.

—Evolving social networks. Across the tetrads, a common theme is that of GenAI having an
impact on human relations and particularly in removing opportunities for them to build such
relationships, since software professionals can simply rely on GenAI to do the work for them
and answer any questions they may have. They just do not have to talk with others anymore.
While this represents a rather dark scenario, it is difficult to imagine a future in which GenAI
infiltrating the creative tasks of software professionals does not impact their social network.
Because human relations are ultimately the foundation for creative work today [105], an
important research direction is to study software professionals’ evolving social connections
as GenAI gets adopted inside organizations.

—Countering unintended consequences. At times, unintended consequences that emerge, es-
pecially when they are negative, become a source of innovation. So it may be with GenAI,
creativity, and software development. Consider the potential loss of consideration of alter-
natives when GenAI is used, because human nature favors the first presented example. This
behavior could be countered through innovative wrappers around GenAI, where the wrapper
presents the design alternatives or suggested code snippets non-linearly, with an analysis of
strengths and weaknesses of each suggestion, and explicitly guides the software professional
in making their choice or creatively remixing some of the alternatives. Indeed, such a tool
may even be useful outside of the software profession, perhaps in GenAI-driven writing, or
art, or product design. We thus advocate that the “obsolesces” and “reverses into” impacts
are carefully studied by the community and that it invests time to understand how these
phenomena could be countered.
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5.5 Theme 5: Societal Impact
Products and people sit in society so it is important to understand how society is impacted by the
use of GenAI for creativity in software development. While some of the impacts in the tetrads allude
to potential societal impact (e.g., making the impossible possible in Table 2), the 4Ps framework
itself does not necessarily consider society at large explicitly. One area to explore is the feelings of
society on adopting new products created through the use of GenAI rather than human creativity,
while another could look at the impact on the software profession. Maybe software professionals
go the way of fellow artisans such as bakers and craft beer makers with a premium attached to
unique, hand-made products or they go the way of gas-lighters and no longer relevant to society.
Such research is likely to require multi-disciplinary experts such as psychologists, sociologists, and
economists alongside ethnographic specialists. We feel that it is particularly important to monitor
this aspect of the current wave of GenAI. Software is as likely as other disciplines to undergo
significant transformations—at its own hand. Whether or not this is preferable from a societal
point of view is the domain of policy and governance; to do so effectively requires a thorough
understanding of what is transpiring, which in turn requires carefully constructed longitudinal
studies. Indeed, governments are already enacting policies which effect the use of GenAI within
society. For example, the European Artificial Intelligence Act [25] is designed to protect human
rights and fundamental values. At this stage, it is unclear how such regulation will impact the use
of GenAI, including for creative purposes in software development, but it will need to be considered
as we move forward. Three pressing directions to pursue are:

—Adopting GenAI-driven software. Humans have historically exhibited a mixed collective re-
sponse when it comes to adopting industrial and technological advances, as cheaper prices,
instant availability, newness, and other properties of the “more advanced” products do not
necessarily equate a desire to adopt [128]. Indeed, the world is full of inventions that did not
go far (e.g., The Segway [24]). GenAI potentially disrupting the software industry by creatively
generating all kinds of new software may lead to similar mixed reactions. People may not
trust applications entirely envisioned and created by GenAI (c.f., lack of trust in self-driving
cars [71]) or have privacy concerns [13] about the underlying GenAI models learning from
their personal data stored in the GenAI created application. Others may just not care and
adopt GenAI designed applications without consideration of whom created it. Insight into
the reaction of society to GenAI created software can result in feedback loops as to how far
GenAI should and should not extend in product development.

—Changing software profession. Software is built by humans and even the most fantastical
scenarios still recognize that humans will be required [116]. That said, as we highlighted in
the tetrads, the jobs of software professionals may change some, quite a bit, dramatically,
or even completely in response to how GenAI evolves. It is a question of whether software
professionals will be open to these changes. Some are likely to embrace getting rid of mundane
work and engaging in creative work all the time. Others may see themselves not as creatives,
and even with the help of GenAI in their creative tasks feel threatened. Alternatively, perhaps
the profession will seem more accessible to people without the traditional technical skills
as GenAI automates the technical work. It is important to set up studies that monitor how
individual software professionals feel about the use of GenAI for creativity and how it impacts
their sense of value and purpose, job satisfaction, emotional well-being, and other such human
factors—now and in the years to come. Examining software teams’ composition, including
roles, the skills needed, and nature of software work, to see how all this changes with GenAI
is also key to understanding the educational needs for students and work training required.
Furthermore, such research can inform the development of educational programs for retraining
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current software professionals who may need to shift from being a traditional programmer to
becoming a “creativity prompt specialist” using GenAI for a variety of creative purposes in
the newly minted GenAI driven software development process.

—Changing software industry. While this article is about the impact of GenAI on creativity in
software development, we would be remiss if we did not also consider the broader impact
of GenAI and how it is shaping the software industry. If aspects of the most far-reaching
scenarios become reality, alongside other predicted changes to software work (e.g., increased
productivity) it might mean that the industry will need far fewer software professionals and
that successful companies may effectively be one-person shops. At the extreme, end-user
programming [11] may become “end user prompting” with instant apps on demand created by
anyone at any time, ruling out a software industry altogether, except for the few companies
controlling the GenAI infrastructure. An alternative future, however, may see the industry
continuing to grow. Despite teams being somewhat smaller than before (savings are not
as expected because creatively prompting GenAI to produce precisely the desired software
features turns out to be a challenging task), more teams are needed to address surging demand.
Overall, the industry will reshape itself in some way, shape, or form, voluntarily, driven by
market forces, or spurred by developer rebellion (sabotage is not an uncommon response to
workplace automation [92]). In this context, it is crucial to anticipate what kinds of changes
may occur and to identify forces and measurement instruments for tracking them.

6 Discussion
GenAI is rapidly disrupting software development. Unsurprisingly, then, many researchers in
the domain of Artificial Intelligence for Software Engineering (AI4SE) [76] are considering
the impacts of AI on different aspects of software development, such as requirements gathering,
coding, testing [36, 54], and wider considerations such as individual productivity [14]. We believe
creativity is integral to software development and also warrants inclusion within the AI4SE remit.
Through the use of diverse and intentionally thought provoking scenarios and the McLuhan tetrad
as applied to the 4Ps of creativity, we have contributed a wide-ranging set of potential impacts
GenAI may have on creativity within software development, leading to the identification of five
research themes: individuals, teams, product, unintended consequences, and society. We feel all are
equally important to study but note some are more complex than others to study, usually due to
the data and timelines required. While studies involving individuals, teams, products, and early
insights into potential unintended consequences can begin now, and we encourage researchers to
do so, impact on society and also additional, longer-term unintended consequences (the unknown
unknowns) are likely to be identified in retrospect so must wait.

The outcomes from the numerous research studies will no doubt include insights into both
the social and the technical. The ways people work, including new ones, how people feel, and
the way they use tools (or need new ones) are just some likely findings to emerge from future
studies. Social implications will be keenly understood particularly as the unintended consequences
and societal impact are studied. In some ways, these social implications are the most important
to understand as they inform researchers and practitioners who design and build GenAI of the
potential harms caused by the use of GenAI for creative software work, in much the same way
software professionals are only now grappling with the issues caused by biases in LLMs [69].

We believe addressing our research agenda can help in both understanding the phenomenon
of GenAI-driven creativity in software development as it plays out over time and shaping it. We
feel the latter is particularly important, because with the many potential impacts captured in the
tetrads, it becomes possible to design a future with eyes fully open to the potential positive and
negative impacts that GenAI may have on many facets of creativity in software development, and
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ultimately society. Consider support tools leveraging GenAI for a variety of creative software tasks.
While these may augment software professionals in their creative problem solving, at the extreme
they may also replace human creative problem solving, leading to demoralized, demotivated, and
depressed software professionals. These potential harms should be considered when designing such
tools and should be mitigated by consistently adopting Human-Centered AI design approaches (as
advocated by HCI researchers who emphasize AI should augment humans and not replace them
[121]). This does not mean creative software development tasks cannot evolve in how they are
being performed; it just means that the potential upsides and downsides must be considered by
researchers and developers of GenAI-driven software creativity tools. It behooves all researchers to
adopt such a stance as GenAI usage continues to grow within the software industry and if we are
to contribute to a society in which human endeavor and creativity is valued. Ultimately, this starts
with the software industry itself, since in many ways it is at the leading edge in leveraging GenAI
for its own purpose—designing and developing creative and useful software.

In identifying the potential impacts and an associated research agenda, we note two limitations
related to using potential future scenarios and the McLuhan tetrad to identify potential impacts
of the use of GenAI on creativity in software development. First, the scenarios and tetrad merely
provide a framework for identifying future possibilities, with a fair degree of imagination and
brainstorming required to articulate the scenarios and populate the tetrad (or in our case, tetrads).
Different groups, thus, may produce scenarios, questions, and impacts different from the authors
of this article. Indeed, we do not consider our tetrads exhaustive and encourage others to further
augment our ideas with additional research questions within the five research themes. Moreover,
given the breakneck speed at which GenAI is progressing, some of the identified potential impacts
may already come to pass and may well need to be studied after the event, rather than during.

Secondly, using the 4P creativity framework and the tetrad with its focus on how a technology can
enhance, obsolesce, retrieve, and reverse into phenomena does not directly encourage consideration
of the ethical, legal, and sustainability issues increasingly associated with GenAI (e.g., [10, 100,
106, 120]). We believe such important issues are applicable to each of the five research themes and
should be incorporated whenever researching one of the themes. In considering ethics, GenAI
lacks ethical judgment and contextual understanding, so without oversight GenAI can produce
biased, inappropriate, or unethical results due to flawed training data or algorithms. Thus oversight
over AI is required [10]. This oversight could conflict with the use of autonomous agents and their
role in identifying new features or classes of products. One legal issue concerns ownership [10].
GenAI can blur the line between human-generated and machine-assisted work. This gives rise
to the questions of authorship. If a developer uses GenAI to create a novel design, how much of
the product is truly theirs? This ambiguity extends to intellectual property: Does ownership rest
with the GenAI user, the model creators, or should it be in the public domain? This legal point
should be considered whenever researching the use of GenAI to generate novel ideas, solutions,
products, or services. Sustainability too needs to be considered. GenAI requires huge amounts
of environmental resources leading to depletion of the natural environment [120], which clearly
impacts society negatively for all GenAI use, including the subject of this article—creativity in
software development. Considering this excessive energy consumption could result in tradeoffs in
deciding whether to use GenAI for individual creativity or products.

7 Conclusion
No matter how GenAI evolves, software professionals are already using it to help in their creative
design work, in their problem-solving when facing coding issues, and more. They look for it to get
them started rather than staring at a blank sheet of paper, to nudge them out of fixations, to generate
potential root causes for a bug, and so on. In this article, we examined this relationship between
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creativity and GenAI by (1) speculating on potential future scenarios of how GenAI may impact
creativity in software engineering, alongside (2) McLuhan’s tetrad to hypothesize how GenAI
might impact four different components of creativity (the Person, the Product, the Process, and
the Press (environment)). We used these potential impacts to derive a research agenda comprising
five connected themes that consider how individual capabilities, team capabilities, the product,
unintended consequences, and society can be affected.

We encourage researchers to consider the potential impacts and research themes outlined in this
article, to augment them further by adding their own thoughts and projections, and to join us in
researching creativity, GenAI, and software development so we can have a constructive collective
voice in shaping the phenomenon.
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