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Abstract—Since the dramatic improvement of Large Language
Models (LLM), academics feel that students increasingly avoid
learning programming, and practitioners discuss Artificial
Intelligence (AI) as an alternative to process simulation. Both
groups overlook the duality of simulation and programming,
which are based on causality, in contrast to Al, which is based
on probability. This paper develops requirements to successfully
integrate both approaches. Though integration efforts have been
made in recent years — as a literature analysis of simulation
conferences and journals from the last 15 years with the aid of
a novel, LLM-based tool indicates — a systematic approach is
still largely missing. This paper is the second of three planned
papers to overcome this situation. The first paper considered
the simulation life-cycle to reveal the expectations of academia
and practice, and how AI might help to meet them. This paper
uses a survey to understand the potentials and barriers to the
application of simulation and Al in practice. The third paper will
discuss an Al-integration framework for simulation. Besides the
results of the literature analysis and a summary of the survey,
the main output of this paper is a research agenda building
on these outcomes to clarify and discuss the next steps for
integrating process simulation and AI.
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I. INTRODUCTION

Like any other research discipline, the process simulation
community benefits from progress, new methods, and
further development. For a long time, conferences and
journals on this topic focused on elegant new mathematical
methods and challenging applications. Since the dramatic
improvement of Large Language Models (LLM) in recent
years, Artificial Intelligence (AI) methods seem to receive
greater attention. In this paper, Al encompasses two relevant
method clusters: (1) LLM-based methods, which process
and generate natural language, and (2) data-driven Machine
Learning (ML) and Reinforcement Learning (RL) methods,
which learn from structured data.

To investigate this observation, this paper starts with a
literature analysis of a total of 1916 papers from simulation-
related conferences and journals:

« 14 conference volumes of the International Conference
on Simulation (IARIA, SIMUL, 2011-2024) [1],

« 30 volumes of the International Journal on Advances in
Systems and Measurements (IARIA, IJSysMea, 2010-2025)
[2], and

« 16 conference volumes of the ECMS International Confer-
ence on Modeling and Simulation (ECMSConf, 2010-2025)
[3].
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Figure 1. Phases of the literature analysis.

To process this large number of papers, a novel, LLM-
based tool was developed. Figure 1 summarizes the analysis
pipeline. The proceedings were converted to plain text
and each paper was processed (gpt-oss-20b, 20 billion
parameters, served via LM Studio with a temperature of
0.1, single workstation). A system prompt instructed the
model to decide whether a paper uses Al methods and to
return a structured result in JSON format. The prompt can
be requested from the authors. The intermediate results
were aggregated per venue and on a random basis manually
checked for plausibility. A full validation against manual
coding remains future work. The resulting counts of Al-
related papers are shown in Figures 2 and 3.
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Figure 2. Total number and number of Al-related papers in the mentioned
proceedings.

Although this review addresses only a limited number
of contributions, at least a tendency can be observed as
follows: with the exception of an outlier in 2010, a notable
relative increase in Al-related papers can be observed from
2020 onward.

A closer look at these publications shows that specific
applications of Al methods are addressed in various phases
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Figure 3. Relative number of Al-related papers in the mentioned
proceedings.

of simulation which replicates and analyses an administra-
tive, production, or logistic system in a controlled virtual
environment without affecting the real system [4]. What was
found is work on optimization algorithms, process mining,
Al-assisted modeling, and Al-supported decision-making [5],
[6], [7]. A systematic approach that maps Al methods to all
phases of a process simulation life-cycle, however, could not
be found, although it would help academia and practice to
focus on suitable methods.

Before suggestions can be made, it is important to answer
the following research questions:

1) For what purposes do process manager in administration,
production, or logistics use process simulation and AI?

2) Which restrictions limit the use of process simulation by
these persons, and could Al overcome these restrictions?

3) Based on this, what should a future research agenda
encompass that integrates process simulation and AI?

This paper presents the results of a survey that delivers
answers to the first two questions and uses these answers
to further develop a research agenda on the combination of
simulation and Al, thereby also answering the third question.

The survey is limited by the small number of participants,
who were mostly practitioners, and by its regional focus on
Germany.

The remaining of the paper is structured as follows:
Section II explains the survey design, and Section III
summarizes the main results of the survey. Section IV
explains the research agenda, while Section V concludes the

paper.
II. SURVEY DESIGN

A survey investigating the opportunities and challenges
of applying simulation and Al in practice was conducted
in December 2025 and January 2026 for a master’s thesis
which contains a complete presentation of the results [8].

The survey contains 20 questions that, besides demograph-
ics, are organized into the seven thematic blocks shown

TABLE I. STRUCTURE OF THE SURVEY.

Thematic block Question type

Demographics single choice

Current use of simulation and Al single choice
Deployment areas multiple choice
Purposes and expectations multiple choice
Barriers and difficulties multiple choice
Al support in simulation single / multiple choice

Result preparation and Al functions for
understanding results

5-point Likert

Willingness to invest multiple choice

in Table I. Most questions are single- or multiple-choice,
except the perceived usefulness of Al functions to improve
the comprehension of simulation results which was rated
on a five-point Likert scale.

The mandatory questions on the current use of simulation
and Al directed users and non-users to separate follow-
up questions concerning their experiences and perceived
barriers, ensuring that both groups provided assessments
across the same value dimensions. As these questions were
optional, the number of responses varied across questions.
The reported percentages are based on the number of
responses to the respective question.

Participants were recruited through professional contacts
on LinkedIn and through a personal network of professionals

working in logistics. A total of 70 individuals accessed the

survey, of whom 41 completed it and 16 provided at least
partial responses. These 57 at-least-partial responses were
included in the evaluation.
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Figure 4. Industry distribution.

The respondents work primarily as process managers,
most frequently in project management, analysis and plan-
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ning, and consulting, and span nine industries led by IT,
logistics, and manufacturing (Figure 4). All responses were
collected and analyzed anonymously, but participants could
request the aggregated results by email.

Despite the small number of participants and the focus
on Germany, the study provides exploratory insights into
the potential uses of and also barriers for simulation and
Al The results are presented in the following Section III.

ITI. SURVEY RESULTS
Figure 5 shows the adoption level of simulation and Al.
The responses range from regularly to don’t know.
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Figure 5. Adoption of simulation and AL

The deployment areas of simulation and Al are considered
next. Figure 6 shows the organizational units that use these
techniques. The dominant application fields mentioned for
simulation are IT processes and logistics. Al is mentioned
relatively consistently across IT processes, customer services,
logistics, and production.
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Figure 6. Deployment of simulation vs. Al

Since a low number of participants was anticipated, no

Kano analysis was conducted [9]. Expectations regarding the
usefulness of the simulation were, however, surveyed and
compared with its actual usage.

Save —o— Actual Usage
Reduce Resources —— Expected Usefulness
Costs /
. Optimize

Processes

Reduce
Risks
Find Bot-
tlenecks
Increase
Com-
pliance
Find
/ Strategy
What-if .
. Train
Analysis Processes

Figure 7. Expected usefulness vs. actual usage of simulations.

Figure 7 shows the answer distribution. It seems that for
the respondents, simulation does not fulfill their expecta-
tions regarding financially relevant aspects such as reduce
costs, save resources, or find strategy.
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Figure 8. Difficulties in simulation by company size.

Former users of simulation were asked about the diffi-
culties they encountered. Their answers differed according
to the respondents’ company sizes (see Figure 8). Small
companies frequently mentioned the required computing
capacity as a reason. This and the mentioned problem
of model complexity may indicate that they attempted
to simulate large systems, possibly production lines. The
survey, however, does not provide evidence for this. Larger
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companies reported struggling with the availability of well-
prepared data. All companies identified training effort and
staff shortage as key challenges.

Figure 9 shows that responses from large companies
indicate deficits in formal methods, which hinder the use
of simulation despite its recognized value. This may explain
the estimated high costs.
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Figure 9. Reasons against simulation usage by company size.

Another major problem is the absence of suitable data.
This may be the reason why no alternative approaches
(such as linear optimization) are mentioned, since all other
approaches also rely on valid data.

Another question considered the possibility to overcome
these limitations with Al methods. The answers presented in
Figure 10 differ with respect to the participants self-assessed
Al competence. Furthermore, they can be classified into (1)
Al support to find reasons for simulation and (2) Al support
to simplify the simulation process:

1) Risk identification as a reason for simulation is primarily
cited by respondents familiar with Al. Other reasons, such
as reducing quantities, identifying bottlenecks, or calcu-
lating costs, are more often mentioned by respondents
unfamiliar with Al. LLM-based Al technologies seem to
predominate in both applications.

2) AI methods to improve the simulation process such as
improving data integration or estimating values which
could be achieved with ML based methods like classifica-
tion or regression are mostly mentioned by participants
already familiar with Al

The aspect suggest improvements does not fall into these
categories but opens a new field: Could Al also be used
to explain the simulation results? The final outcome of the
survey presented here is an estimated assessment of the
extent to which AI methods, and especially LLMs, could be
used for this purpose.
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Figure 10. When non-users would simulate, by Al experience.

Figure 11 shows the respondents’ expected ability to
generate reports, diagrams, explanations, and summaries.
The lowest potential is seen for interactive chats with Al
systems that explain simulation and its results.
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Figure 11. Usefulness of Al to understand simulation results.

The survey results presented here have revealed several
barriers to the adoption of simulation. At the same time, Al
methods appear to be gaining increasing acceptance and
may help to overcome these barriers. Despite the limitations
of the survey, it delivers answers to the first two research
questions and at least uncovers tendencies. The findings can
now be used to develop a structured approach to combining
both worlds and potentially integrating the dual nature of
both methods (causality vs. correlation). This is done in the
following Section IV.
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Figure 12. Applied DSR Framework. (based on [10, p. 80])

IV. A RESEARCH AGENDA FOR FUTURE WORK

The duality of simulation, which is based on causality, and
Al, which is based on correlation, makes their integration a
challenging task. It requires a research agenda to guide this
integration in a structured, repeatable, and validated way.
This paper is the second of three planned publications in
preparation for the actual research.

The research agenda is grounded in Design Science
Research (DSR) [10, p.75], which provides a structured
approach to the creation and evaluation of IT artifacts.
Figure 12 shows the adaptation of the framework, addressing
three areas: real-world environment, research activities, and
knowledge base. A first research agenda is formulated in [4].

The survey sharpens two components of this agenda:

. The organizational context should be set to IT, logistics,
and manufacturing, as they emerge as the dominant
deployment areas of the survey’s participants (see Figure
6).

. The role of ML in data preparation and value estimation
raises questions regarding its importance, as respondents
familiar with AI cited it most frequently (see Figure 10).
This opens new possibilities for simulation: instead of
being conducted for a single scenario it can be conducted
for a set of scenarios most likely for the future. Simulation
can then help to find resilient strategies that remain stable
in the event of unplanned changes.

To stay focused, the Al-method cluster mentioned in
Foundations in Figure 12 is narrowed from a broad list to
the two method families actually reflected in the survey
responses: ML/RL for data and estimation, LLM-based
methods for explanation.

Moreover, concrete requirements for a prototypical imple-
mentation of simulation & AI integration can be formulated.
An integrated simulation environment must provide mecha-

nisms to explain and summarize the simulation results with
the aid of Al components (see Figure 11).

The aim is to test the integration within the Process
Simulation Center (P-S.C). This platform utilizes Petri nets
to model and simulate system behavior in order to assess the
implications of strategic decisions on processes in admin-
istration, production, and logistics [11]. This environment
enables an integration from the other direction: during
process simulation, the simulated system can interact with
Al components. This technique is called Agentic Al and uses
the Model Context Protocol (MCP) as an API [12].

The scientific contribution comes from combining causal
models with probabilistic ones: embedding Al methods into
formal process structures and vice versa to keep correlation-
based components grounded in process semantics. This
bidirectional integration is the open research question the
agenda is designed to address.

V. CONCLUSION AND FUTURE WORK

A literature analysis of more than 1900 papers from
simulation-related conferences and journals showed a grow-
ing number of studies combining simulation and AI and
motivated a survey on this topic. Its results must be inter-
preted as exploratory indications rather than representative
evidence, because of the small number of participants locally
restricted to Germany. Nonetheless, the results can at least be
interpreted as tendencies and hence as initial answers to the
first and second research questions. They are therefore used
as suggestions for completing a formally defined research
agenda described in Section IV.

The next research step is a third paper. Based on a further
literature analysis, existing Al solutions and implementations
are mapped to the phases of a V-Model for process simula-
tion. It is expected that further requirements can be derived
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for the integration of simulation and Al in a modeling and
simulation tool.

After completion of this third preparatory step, the actual
research as described in the research agenda of Figure 12
can be conducted. According to current research status, the
actual research is estimated to last about three years.
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