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Objectives of this Keynote

Participants will be able to:

Understand the pragmatist loops of abduction

Explain the principles of Soft Systems Methodology

Identify suitable GenAI use in STEM coursework – and ist limits

Apply GenAI within research and thesis workflows

Evaluate opportunities and limitations of research philosophical principles combined with GenAI

Execute responsible AI-supported problem-solving processes
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STEM Tasks in the Age of AI

„Why do logistics managers have to be creative? Give them genAI and 

let them read the output!“

„Summarise all tasks you do regularly. From now on, AI can perform 

them!“

„AI has managed to pass all examinations of the MBA..“
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Why Conceptual and Practical Coursework?

Many benefits associated with applied didactics:

independence, writing proficiency, self-management, focus, and a systematic

approach → facilitating a profound learning experience.

Generative artificial intelligence handles preliminary literature research:

Content organised logically, queries in both everyday and technical language 

enabled, dialogue and context maintained.

This input can be used for a thorough manual literature review. 
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Why Creative Problem Solving Matters in STEM

Applied STEM courseworks are increasingly:

Complex

Interdisciplinary

Data-rich

Ambiguous

Socio-technical
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Examples:

Sustainable energy systems

Smart manufacturing

Medical diagnostics

Climate adaptation

Supply chain optimisation

Human-centered technology

design



Prof. Dr. Monika Maria Möhring

Creativity in STEM Subjects

..involves gaining new perspectives; it is both a craft and a mental exercise. 

At the same time, rigorous care is required in the processes of thinking and 

research. 

In this context, creativity is characterized by intellectual originality, relevance, and 

practical applicability.
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Enters: Generative AI

Threat of:

- Cognitive offloading

- Being in the loop rather than in the lead

- Plagiarism

- Taking-for-grantedness and lack of judgement

- Resignation

- undisciplined learning behaviour

Overall: Not reaping the maximum potential of human skills, capabilities and creativity

8



Prof. Dr. Monika Maria Möhring

Overcoming the Plagiarism and Cognitive Offloading Temptation

In the age of generative AI, plagiarism is far more difficult to detect than it was with

simple "copy-and-paste" methods. 

This makes transparency regarding the development and thought processes

behind academic work all the more important.

→ Rigorous formulation of research question, creativity loop and documentation

required alongside with personal tuition and testing
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Abduction

- The exact logic detectives use to solve mysteries when evidence is incomplete

- Developed by pragmatist philosopher Charles Sanders Peirce

- Steps: 

- Research question formulation and hypothesis generation

- Observation (such as AI output), hypothesis testing and identification of surprise

- Pondering, musement, gut feeling, stress

- Delve further into surprise, hypothesis generation, further observation

- → abductive „loops“

- Together with generative AI, these steps lead to AI-assisted creative coursework.
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The Abductive Loop
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Abductive Steps along the Writing Cycle 
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Writing Stage Abductive Steps Results

Selecting a topic AI dialogue – hypothesis – Identification of a 

surprise – Literature research

Topic suggestions

Research AI dialogues – temporally expansive 

cognition process – musement, pondering

Justification (such as a table) for

elaboration of the subject

Thematic immersion AI dialogue – Test of the surprise – literature

research

Outline and first draft; further

hypotheses

Writing-up and critical
appraisal

AI dialogues into sub-themes – temporally

expansive cognition processes –

identification of further surprises – Literature

research – Validation of hypotheses

Content creation and editing, 

verification/falsification of

hypotheses, critical appraisal, 

synopsis
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Example - Biology

Coursework: Human factors in the eutrophication of ponds

First abductive loop: To approach the topic, the student begins by asking for a definition. Based on prior

knowledge, his hypothesis is that agricultural fertilizers, in particular, contribute to eutrophication. 

The prompt is:

What do you understand by the eutrophication of ponds? Describe the process and the effects.

Definition: Pond eutrophication can be understood as the result of an excess of nitrate and phosphate in the water. This 

initially causes algae to grow more rapidly, blocking sunlight and leading to the death of pond plants and animals.

Process: The stages of eutrophication are: 1. influx of excessive nutrients, 2. algal bloom, 3. lack of light beneath the algae, 

4. depletion of oxygen in the pond due to dying vegetation, 5. fish die-off, 6. formation of toxins.

Substances involved in step 1: fertilizers, wastewater (phosphates, nitrates), fish feed.

Toxins produced in step 6: ammonia and hydrogen sulfide. → Hypothesis is disconfirmed
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Example - Biology

Second abductive loop: The next prompt is therefore:

“Which components of fish food can lead to the eutrophication of a pond?”

Here, too, the answers are recorded. 

Four substances in fish food contribute significantly to the eutrophication of a pond:

Phosphates in the food promote algae growth.

Proteins are digested by fish or decomposed by bacteria, producing nitrates and ammonia. 

Biomass sinks to the bottom and is biodegraded by bacteria, a process that depletes oxygen from the water.

Fillers in cheap fish food are poorly digested by fish, resulting in nutrient-rich waste entering the water and accelerating 

algae growth.

→ Surprising element: phosphate in fish food. Why is it contained?
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Example - Biology

Hypothesis: The student develops the hypothesis that phosphates in fish food are merely an industrial

additive and not actually necessary.

Third abductive loop: The new surprising finding is addressed through a simple literature search.

A search is conducted for "phosphorus in fish diet.„

Phosphorus plays an important role in fish metabolism.

Due to the low phosphate content of bodies of water, phosphorus must be supplied through the diet.

→ Hypothesis refuted
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Too simple?

These examples of creativity cycles may seem trivial. 

However, pragmatism is a craft: 

one begins with simpler content and considerations, focusing initially on the systematic approach. 

Once the individual steps—querying the AI, summarizing, identifying surprises, and formulating hypotheses—

no longer pose a significant challenge, one can move on to more complex work regarding the subject matter.

Especially at the beginner stage, one must also be prepared to feel overwhelmed by the AI’s responses. 

In the age of sensations, students may also feel that there is no surprise. 

Creatively managing this sense of being overwhelmed, actively seeking help, and resiliently salvaging the

learning outcome fosters important personal competence and teaches one how to deal with one's own 

limitations.
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Creativity Needs Time and Devotion

To reap the maximum benefit of creativity techniques, the writing process should

- Allow for musement and pondering

- Leave room for discussions with a workgroup or the tutor

- Be disciplined (no last minute essays)

- Comprise several iterations of drafting and review

- Be robust (no copy & paste – take in all content and understand it)

- Be honest (no late excuses or „deadline PDF“)
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Summary – Abduction and AI for Creative Writing

STEM subjects within applied degree programs are increasingly addressing socio-

technological phenomena. Abduction—as conceptualized by the pragmatist C.S. 

Peirce—serves as a "philosophy of detectives" well-suited to the search for new, 

often surprising, insights within this complex interplay.

- Generative artificial intelligence can assist in various capacities at every

stage of researching and writing an academic paper.
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Summary for Part 1 – Abduction and AI for Creative Writing

- While AI can indeed streamline certain research and work steps, students

must demonstrate specific expertise: the ability to recognize content of

questionable quality, the capacity to identify unexpected findings, and the

application of rigor throughout the research process.

- Self-discipline plays a crucial role in the face of the tempting "shortcuts" 

offered by AI. Abduction requires a process that unfolds over time, involving

moments of reflection, careful weighing of ideas, revisiting concepts, and iterative 

refinement.
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▪ Generative AI as a cognitive partner in applied situations

▪ Supporting creativity, analysis, and reflection

▪ Applying Checkland's Soft Systems Methodology (SSM)

▪ Focus on STEM applied problem solving, projects and theses

▪ The second part of the presentation explores how GenAI can support 

creative problem solving throughout STEM applied research in 

industrial and organisational scenarios

▪ while maintaining academic integrity and methodological rigor.

Part 2: Creative Problem Solving with GenAI in Academic STEM Projects 
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From Well-Defined Problems to Messy Organisational Situations

Traditional STEM education often assumes:

Clearly defined goals

Known variables

Single correct solutions

21

Reality however involves:

Conflicting stakeholder perspectives

Unclear requirements

Incomplete information

Multiple valid solutions

This is where philosophical approaches

become valuable.
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What is Soft Systems Methodology?

Developed by:

Peter Checkland

Core Principle:

Focus on learning and multiple perspectives

rather than finding one "correct" answer.

22

Purpose:

Understanding complex human 

activity systems

Structuring messy problem

situations

Supporting learning and 

improvement.
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The Seven Stages of SSM

1. Enter problem situation

2. Express problem situation

3. Formulate root definitions

4. Build conceptual models

5. Compare with reality

6. Identify feasible changes

7. Take action

→ GenAI can contribute at every stage.
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Stage 1: Entering the Problem Situation

Questions:

What is happening?

Why is it important

Why is it difficult?

Who is affected?

24

Example Thesis Topic:

„Assessing the effort and benefits of a digital twin for

company A‘s new warehouse construction„

GenAI Prompt:

"Identify the most important technical, organizational, and 

behavioral dimensions of a digital twin project for

simulating a new warehouse."
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Stage 1: Entering the Problem Situation

AI Output: 

- Technical requirements

- Required skills and services

- Stakeholders

- Cost/ Cost saving potential

- Duration/ time saving potential

25

→ Informed research:

- Participant observation

- Interviews

- Data analysis

The organization is the „customer“ of the research!

Appropriate research strategy: Engaged Scholarship 

(Van de Ven)
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Stage 2: Expressing the Problem Situation

SSM Tool:

Rich Pictures

Visualize:

Actors

Processes

Conflicts

Dependencies

26

GenAI Applications:

Suggest brainstorming systematics

Identify potential hidden agendas

Provide case studies and examples

→ Informed Research

Brainstorming stakeholders

Identifying hidden assumptions

Generating system descriptions
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Stage 2 – Rich Picture Obtained for Digital Twin Thesis

GenAI helps expand perspectives:

Stakeholders – as identified on-site:

CEO, CFO, COO

IT Managers and project leaders

Logistics and warehouse managers

Occupational safety officer and work council

Sustainability manager

Facility engineers and managers

Suppliers of intralogistics systems

Architects, building contractors

27

GenAI suggests topics for

discussion with stakeholders:

Issues:

Cost

Safety

Convenience

Environmental impact
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Stage 3: Root Definitions

Root Definition:

A concise description of a purposeful activity system.

Formula:

"A system to do X by Y in order to achieve Z."

Thesis application:

"A system to optimise cost, building time and seamless

ergonomic intralogistics operations by simulating the

building and layout of a warehouse to achieve a 

realistic testing and preview scenario."

28

AI prompt: „ Devise a system to

optimise cost, building time and 

seamless ergonomic intralogistics

operations by simulating the

building and layout of a warehouse

to achieve a realistic testing and 

preview scenario. The warehouse

is ..m and clear hight ..m. It is to

host x staff and y autonomous fork-

lifting trucks.“
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Stage 3: Root Definitions and CATWOE

AI Prompt: „Categorise these modules into the CATWOE analysis. Draw an appropriate table.“

29

→ Input for applied discussion with

stakeholders

→ Table to be adjusted to the

company‘s scenario
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Stage 4: Building Conceptual Models

Conceptual models describe:

Activities needed to achieve transformation

GenAI supports:

Process decomposition

Workflow generation

Alternative system designs

Model comparison

Important:

Models remain hypotheses, not facts.
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Digital Twin

│

├── Building

│   ├── BIM

│   ├── HVAC

│   ├── Fire protection

│   └── Utilities

│

├── Logistics

│   ├── Storage

│   ├── Picking

│   ├── Packing

│   └── Shipping

│

├── Automation

│   ├── AGVs

│   ├── Charging

│   ├── Routing

│   └── Collision avoidance

│

├── Human Factors

│   ├── Ergonomics

│   ├── Safety

│   └── Human–robot interaction

│

├── Simulation

│   ├── Discrete-event

│   ├── Agent-based

│   └── Physics-based

│

├── AI

│   ├── Optimisation

│   ├── Prediction

│   └── Scheduling

│

└── Analytics

├── KPIs

├── Dashboards

└── Decision support
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Stage 4: Building Conceptual Models

31

AI Output: 
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Stage 4: Building Conceptual Models

▪ Creative Approach

▪ GenAI excels at:

▪ Generating alternatives

▪ Challenging assumptions

▪ Producing analogies

▪ Exploring unconventional solutions

▪ Example Prompt:

▪ "Generate ten unconventional approaches for 

reducing AGV collisions in a medium-sized 

warehouse."
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Stage 5: Comparing Models with Reality

Applied research questions:

What exists today (project outline, blueprint)?

What differs from the conceptual model?

Why? Superior or lack of knowledge?

GenAI can help:

Organise observations

Summarise interviews

Compare alternatives

Generate evaluation criteria

33
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Stage 5: Comparing Models with Reality

Prompt: Compare a digital twin with conventional two-way aisles with a digital twin with dynamic one-way

aisles for a warehouse that is .. m. It is to host x staff and y autonomous fork-lifting trucks. 

AI analysis: Recommendation

For this warehouse size and x autonomous forklifts,

the better target concept is:

Dynamic one-way aisles with controlled pedestrian crossings and a two-way emergency/fallback loop.

That gives the best balance between:

lower collision risk, 

smoother AGV flow, 

better throughput, 

34

safer human–robot interaction, 

and higher storage density. 

A purely conventional two-way layout is easier to start

with, but the digital twin would likely show increasing

congestion once AGV utilisation rises above roughly a 

– b%.
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Stage 6: Identifying Feasible Changes

SSM emphasises:

Systemically desirable

and

Culturally feasible

Organisational research has to identify cultural traits.

Not every technically optimal solution is implementable

in a given company.

35

GenAI can identify:

Risks

Resistance factors

Resource implications

Prompt: Identify major socio-cultural

impediments to digital innovation in owner-

managed medium-sized companies and how

they can be overcome
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Stage 6 AI output: Major socio-cultural impediments and mitigation strategies
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Stage 7: Taking Action

Examples:

Pilot implementation

Process redesign

Experimental validation

Policy recommendations

Human in the lead: 

applied research first, AI query second

37

GenAI supports:

Action planning

Communication materials

Stakeholder engagement strategies

Example AI Prompt:

"Suggest five competing design concepts for

a digital twin of a mid-sized warehouse

building, layout, and operations."



Prof. Dr. Monika Maria Möhring

Advantage of Soft Systems Methodology Over a Reductionist Approach

A reductionist approach would focus exclusively on optimizing the travel paths of the AGVs.

A systemic approach additionally considers:

collaboration between employees and AGVs, 

the design of warehouse processes, IT and ERP interfaces,

energy consumption, maintenance,

investment and operating costs,

employee acceptance, safety requirements,

sustainability goals, as well as the impact on overall supply chain performance.

→ Much more realistic and less vulnerable to unforeseen failures.
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Examples for Applied Theses

Applications in Computer Science:

Algorithm comparison

Architecture alternatives

Software requirements

User-story generation

Documentation support

Important:

Generated code requires validation.

39

Applications in Natural Sciences:

Experimental planning

Hypothesis generation

Literature mapping

Data interpretation support

Important:

GenAI cannot replace experimental 

evidence.
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Key Takeaways of Part 2

Soft Systems Methodology helps:

Structure messy problems

Include multiple viewpoints

Encourage reflective learning

Generative AI helps:

Expand creativity

Accelerate exploration

Support structured inquiry

40

Best results occur when: 

Human expertise + Philosophical Techniques + 

GenAI work together.
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General Risks and Limitations of GenAI Use

Potential issues:

Hallucinations

Fabricated citations

Bias

Overconfidence

Loss of critical thinking

Cognitive offloading

41

Mitigation:

Verification

Experimentation

Transparency

Documentation

Human oversight

Group discussions
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Academic Integrity and Responsible Use

Students should:

Disclose AI use where required

Verify outputs

Maintain authorship responsibility

Follow institutional policies

Principle:

AI assistance does not transfer accountability.

Human in the Lead rather than Human in the Loop
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Thank you! 
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