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Abstract

Large Language Models (LLMs) are increasingly being applied across
diverse industrial and societal domains. However, existing research is
dominated by domain-specific case studies and technical evaluations, mak-
ing it difficult to compare findings, identify recurring patterns, and develop
generalizable adoption strategies. This paper proposes a human-centered
framework for studying LLM adoption as a socio-technical innovation pro-
cess. This framework is motivated by empirical research on software pro-
cess improvement in the real industrial context, where successful innova-
tions consistently depended on the interplay between technical solutions,
human actors, organizational conditions, and implementation processes.
The resulting framework is structured around nine dimensions: Problem,
Solution, Human Interaction, Context, Evaluation, Challenges, Benefits,
Transferability, and Process. Together, these dimensions provide a com-
mon analytical structure for investigating how LLM-based innovations
create value, encounter barriers, and become integrated into real-world
practice. The framework is proposed as a foundation for workshop discus-
sions and future research contributions, with the goal of fostering cumula-
tive knowledge and enabling cross-domain generalization of LLM adoption
experiences.
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1 Introduction

Large Language Models (LLMs) are increasingly being applied across industrial
and societal domains, including software engineering, manufacturing, health-
care, education, business operations, and critical infrastructure management.
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Their ability to generate, summarize, reason over, and interact with informa-
tion has created new opportunities for cognitive automation, decision support,
and human—AT collaboration [1]. Consequently, organizations are rapidly ex-
ploring how LLM-based solutions can be integrated into products, services, and
operational processes [2].

Despite the growing number of applications, research on LLM adoption re-
mains fragmented [3]. Most studies focus on technical performance, benchmark
evaluation, and domain-specific use cases. While such studies provide valuable
evidence regarding what LLMs can achieve, they offer limited insight into how
these technologies are adopted, integrated, governed, and sustained in opera-
tional environments. Similar concerns have been raised in recent research on
human-centered Al and AI engineering, which emphasizes that successful de-
ployment depends not only on technical capability but also on organizational
readiness, user trust, workflow integration, and governance mechanisms [4-6].

The challenge of translating technological capability into organizational value
is not unique to LLMs. For decades, software engineering research has investi-
gated similar issues in software process improvement (SPI). A recurring obser-
vation across SPI studies [7—15] is that technically promising improvements fre-
quently fail to achieve their intended impact because of organizational, human,
or contextual barriers. These experiences suggest that LLM based improve-
ment should be studied not merely as a technical deployment problem, but as
a broader socio-technical innovation and improvement process.

To support more systematic and comparable research, this paper proposes
a human-centered analytical framework for studying LLM adoption across do-
mains. The framework is organized around nine dimensions—Problem, Solu-
tion, Human Interaction, Context, Evaluation, Challenges, Benefits, Transfer-
ability, and Process—which emerged from recurring patterns observed in em-
pirical studies of various improvement initiatives. The framework is presented
as the conceptual foundation for the workshop “Human-Centered Adoption of
LLMs in Industry and Society: Challenges, Opportunities, and Systemic Impli-
cations,” organized within the Software and Systems Engineering (SSE) track of
the MIPRO 2026 Convention. The workshop aims to bring together researchers
and practitioners from different domains to discuss experiences with LLM adop-
tion, identify recurring challenges and opportunities, and contribute towards a
cumulative body of knowledge on human-centered and sustainable integration
of LLM-based technologies. In this context, the proposed framework serves both
as an analytical structure for workshop discussions and as a reporting guideline
for future empirical studies.

2 Human-Centered Perspective on LLM Adop-
tion

Human-centered adoption extends beyond the traditional evaluation of tech-
nical performance and focuses on how technological innovations interact with



people, organizations, and their operating environments. From this perspective,
LLMs are not viewed as isolated computational artifacts, but as components of
broader socio-technical systems whose effectiveness depends on the alignment
between technological capabilities, human practices, organizational processes,
and contextual constraints.

This view is consistent with decades of research on software process improve-
ment (SPI) where the success of an innovation was repeatedly shown to depend
on more than its intrinsic technical merits [7-13]. Studies of software verifica-
tion improvement using Six Sigma emphasized systematic problem definition,
measurement, root-cause analysis, intervention design, evaluation, and process
control as prerequisites for sustainable improvement [16,17]. Research on agile
transformation in globally distributed development highlighted the importance
of human collaboration, training, organizational context, and change manage-
ment in achieving sustainable improvement outcomes [15,18]. Investigations of
software quality assurance and defect detection effectiveness demonstrated the
need for clearly defined quality goals, evaluation procedures, risk management
practices, measurement systems, and lessons learned that can be transferred
across projects and organizations [14, 18]. Various SPI studies have demon-
strated that technically sound solutions frequently fail to achieve their intended
benefits when insufficient attention is paid to stakeholder involvement, organi-
zational readiness, communication structures, deployment strategies, measure-
ment systems, and long-term integration into operational practice [12,16,17].

Many of these challenges reappear in the context of LLM adoption. Organi-
zations introducing LLM-based systems must determine not only whether the
technology can perform a task, but also whether it can be trusted, integrated
into existing workflows, governed responsibly, accepted by users, and sustained
over time. Consequently, successful adoption requires understanding both the
technical properties of the solution and the socio-organizational conditions un-
der which it operates. This observation suggests that LLM adoption should
be approached as a socio-technical improvement and innovation process. Sim-
ilar to previous SPI initiatives, researchers and practitioners must understand
what problem is being addressed, what solution is proposed, how people interact
with the solution, under which contextual conditions it is introduced, what out-
comes are achieved, what barriers are encountered, what benefits are created,
whether the experience can be transferred to other settings, and how successful
adoption can be reproduced. These recurring questions motivate the analytical
dimensions of the framework proposed in Section 3.

3 Unified framework for human-centered adop-
tion of LLM - core dimensions for analysis
In this section, we propose a unified framework for reporting a human-centred

adoption of LLM. The framework is developed aiming to capture the full life-
cycle of LLM adoption in a particular domain, but also aiming to assess its



comparability across domains and generalization potential. We identify a set of
questions that are minimal to satisfy that aim:

A Problem - What is being solved?

Solution - How is it solved?

Human Interaction - How do humans engage?
Context - Under what conditions?

Evaluation - What is the effect?

Challenges - What limits it?

Benefits - What value is created?
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Transferability - What generalizes?
I Process - How to reproduce it?

Synthesizing recurring concerns explained in Section 2 yielded the nine di-
mensions outlined above. Across these studies, a recurring pattern was observed:
successful improvement efforts consistently required understanding the problem
being addressed, the intervention being introduced, the role of human actors,
the organizational and technological context, the effects achieved, the barriers
encountered, the benefits created, the potential for transfer to other settings,
and the mechanisms required for sustained deployment. While originally de-
rived from SPI initiatives, these dimensions are equally applicable to the study
of LLM-based innovations, which similarly represent socio-technical interven-
tions requiring both technical effectiveness and organizational acceptance.

We are aware that the list of questions is not unique, and there may be many
other ways to systematize this knowledge. That is why we provide this list as
part of preliminary communication for the workshop as a structured analytical
foundation, where we want to engage the community to move beyond reporting
fragmented case studies toward building cumulative knowledge. Therefore, we
suggest using this list, which will help systematize knowledge in this direction.

3.1 Problem Definition

Understanding the baseline problem is fundamental. This includes the charac-
terization of workflows, inefficiencies, and cognitive demands.

Importance: Without standardized problem definitions, it is impossible to
compare results across domains or identify generalizable patterns. A structured
problem typology enables abstraction and synthesis.



3.2 LLM-Based Solution Design

Defines how LLMs are integrated into systems, including interaction modes,
prompting strategies, and system boundaries.

Importance: Solution design determines both performance and transfer-
ability. Identifying recurring design patterns supports the development of reusable
solution archetypes.

3.3 Human-AI Interaction

The focus is on how users interact with LLM systems, including trust, inter-
pretability, and cognitive load.

Importance: Human-Al interaction is critical for adoption success. Poor
interaction design can negate technical benefits and hinder scalability.

3.4 Implementation Context

This includes organizational readiness, stakeholder roles, and deployment set-
tings.

Importance: Contextual factors strongly influence outcomes. Capturing
them systematically enables understanding of boundary conditions for successful
adoption.

3.5 Evaluation Metrics

A standardized evaluation framework should include performance, human fac-
tors, risks, and economic impact.

Importance: Current evaluations are inconsistent and domain-specific.
Standardization enables comparability and cumulative knowledge building.

3.6 Challenges

Challenges should be categorized into technical, organizational, ethical, and
operational dimensions.

Importance: A structured taxonomy allows identification of recurring bar-
riers and supports the development of mitigation strategies.

3.7 Benefits

Benefits should be analyzed across operational, cognitive, and strategic levels.
Importance: Multi-dimensional benefit analysis reveals the full value of
LLM adoption and supports decision-making.



3.8 Transferability and Generalization

Authors must distinguish between domain-specific and transferable aspects of
their solutions.

Importance: This dimension directly supports the development of gener-
alizable frameworks and cross-domain insights.

3.9 Adoption Process Mapping

Each study should map its findings to a structured adoption lifecycle, including
stages such as problem identification, design, implementation, and scaling.

Importance: This enables the construction of systematic procedures for
LLM adoption and identifies critical transition points.

4 Illustrative Framework Application

To provide an initial assessment of the applicability of the proposed framework,
we selected a representative sample of research studies from domains where LLM
adoption is actively being investigated. The purpose of this initial evaluation
is not to establish statistical validity, but to demonstrate content coverage and
practical applicability. A more comprehensive evaluation involving systematic
coding of a larger corpus of studies and inter-rater reliability assessment is left
for future work. The selection criteria were as follows:

e The study explicitly addressed the application, adoption, evaluation, or
organizational implications of LLMs,

e The study represented a distinct application domain in order to support
cross-domain comparison,

e The study was published in a reputable venue and attracted attention
within its research community,

e The study contained sufficient information regarding the problem, solu-
tion, and at least some discussion of practical implications, user interac-
tion, organizational considerations, or deployment challenges.

Following these criteria, eight representative studies were selected from soft-
ware engineering, healthcare, education, organizational adoption, and human-
AT interaction research, listed in the first collumn of the Table 1. The sample
includes empirical studies, domain-specific investigations, managerial perspec-
tives, and multidisciplinary analyses, providing a diverse set of adoption sce-
narios. Each paper was independently analyzed against the nine dimensions of
the proposed framework: Problem (P), Solution (S), Human Interaction (HI),
Context (C), Evaluation (E), Challenges (Ch), Benefits (B), Transferability (T),
and Process (Pr). The objective of the analysis was to determine (i) whether
the dimensions could be identified within the selected studies and (ii) whether



Table 1: Illustrative application of the proposed framework to representative
LLM adoption studies

Study P S H C E Ch B T Pr
Vaithilingam et al. [19] (Code Generation Usability) H H H M H H H L L
Nguyen-Duc et al. [3] (SE Research Agenda) H H M H M H H H M
Rico and Oberg [2] (Managerial Perspective) H H H H M H H H M
Kung et al. [20] (Medical Education) H H M H H H H L L
Singhal et al. [21] (Clinical Knowledge) H H M H H H H M L
Kasneci et al. [22] (Education) H H H H M H H M L
Dwivedi et al. [23] (Organizational Adoption) H H H H M H H H M
Amershi et al. [4] (Human-AI Interaction) M H H H M H H H M
Average coverage H HMHUHMH H M L/M

P = Problem, S = Solution, HI = Human Interaction, C = Context, E = Evaluation, Ch =
Challenges, B = Benefits, T = Transferability, Pr = Process.
H = High coverage, M = Medium coverage, L. = Low coverage.

the framework reveals differences in reporting emphasis and potential gaps in
current research practice.

The illustrative analysis demonstrates that the proposed framework can
be applied consistently across diverse domains including software engineering,
healthcare, education, organizational adoption, and human—AI interaction re-
search. The selected studies generally provide strong coverage of the Problem,
Solution, Challenges, and Benefits dimensions, reflecting the current empha-
sis on demonstrating technical capabilities and application potential. Context-
related aspects are also relatively well represented, particularly in healthcare, ed-
ucation, and organizational studies where environmental constraints and stake-
holder characteristics are frequently discussed. In contrast, the dimensions of
Transferability and Process receive substantially less attention. Most studies
provide limited evidence regarding how adoption experiences can be generalized
across organizations, how deployment strategies should be reproduced, or how
successful implementations can be sustained over time. Human Interaction is
addressed unevenly, with usability and trust receiving attention in some do-
mains while being largely absent in technically oriented studies. More precisely,
studies on LLM-assisted code generation [19] primarily demonstrate technical
capabilities and usability benefits. Extending such studies with explicit anal-
ysis of organizational context, deployment process, and transferability could
reveal under which development practices, team structures, and governance
mechanisms the observed benefits are most likely to be sustained. Similarly,
healthcare studies [20, 21] frequently discuss model performance and clinical
knowledge but provide limited insight into how trust, accountability, workflow
integration, and regulatory constraints influence practical adoption. Incorpo-
rating the Human Interaction, Context, and Process dimensions would enable a
deeper understanding of deployment barriers and success factors. Educational
applications [22]| often emphasize opportunities and challenges for learners and



teachers. However, extending these studies with systematic analysis of Trans-
ferability and Process dimensions could reveal how educational outcomes vary
across institutions, curricula, and organizational settings.

Application of the proposed framework would facilitate the identification of
recurring socio-technical patterns across domains. For example, studies from
software engineering, and healthcare may reveal that successful adoption de-
pends less on marginal improvements in model accuracy and more on factors
such as explainability, workflow compatibility, trust, governance mechanisms,
and organizational readiness. Such findings would support the development
of generalized adoption strategies and reusable implementation patterns that
extend beyond individual domains. Consequently, the primary value of the
framework is not only to improve reporting completeness, but also to enable
cumulative knowledge building. By systematically capturing technical, human,
organizational, and implementation aspects of LLM adoption, the framework
provides a foundation for cross-domain synthesis, comparative analysis, and
the development of evidence-based guidelines for responsible and sustainable
deployment of LLM-based innovations.

5 Expected benefits of using defined framework
and implications for research and practice

The proposed framework aims to transform fragmented and domain-specific in-
vestigations of LLM adoption into a structured and cumulative body of knowl-
edge. Such structured communication would further enable systematic compar-
ison between studies, cross-domain synthesis, and the identification of trans-
ferable patterns. Therefore, our framework supports both methodological ad-
vancement and practical guidance for the responsible integration of LLMs in
industry and society. The key results of such an act are elaborated below.

5.1 Toward Generalizable Knowledge

The proposed framework enables the aggregation of heterogeneous studies into
a coherent body of knowledge. By enforcing common dimensions, it becomes
possible to identify patterns across domains and develop generalized models.

5.2 Advancing Methodological Rigor
A shared structure improves research quality by encouraging comprehensive and

comparable analyses. It also facilitates meta-analysis and synthesis.

5.3 Supporting Industrial Adoption

For practitioners, the framework provides guidance on critical factors influencing
LLM adoption, reducing uncertainty and improving decision-making.



5.4 Enabling Community Building

A common framework fosters collaboration among researchers and supports the
emergence of a cohesive research community focused on LLM adoption.

6 Conclusion

We are witnessing an explosion of research in the LLM field, and LLM appli-
cations have to shift from isolated case studies to structured, human-centered,
and generalizable research approaches. Current LLM studies consistently report
technical solutions and performance measures, but rarely discuss transferability,
implementation processes, or organizational conditions. The proposed frame-
work exposes these gaps and provides a common structure for future compar-
ative studies. This paper proposes a common framework to guide such efforts,
emphasizing key analytical dimensions that support comparability and synthe-
sis. Human-centered LLM adoption is not an entirely new problem. It is the
latest manifestation of a broader class of organizational improvement and socio-
technical transformation initiatives that have been studied for decades. The
proposed framework, built on 9 analytical dimensions, is therefore grounded
both in established theory and in empirical evidence accumulated through in-
dustrial improvement programs.

By aligning research efforts around shared structures and objectives, the
community can move toward the development of standardized procedures for
LLM adoption, ultimately enhancing both scientific understanding and societal
impact.
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