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Standard datasets (Benchmarks) Worse:

With standard metrics
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Intro (3/4): Standardness Fogs Meaning

| 7

We focus our debate on the relationship between the actual class labels in the dataset and the

underlying (implied) categories that are expressed in the essential complexity of the use case

[Cech et al., 2025].
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Intro (4/4): Essential Complexity

| 8

› Essential complexity arises from unknown unknowns within the problem that have yet to

be discovered [Werner et al., 2020]

› Essential complexity becomes central when creating explanations

› Three cases
1. Low essential complexity: Verifying an explanation is easy. Thus, it can be created post-hoc.

2. High essential complexity: Verifying an explanation is difficult. Use surrogate models instead.

3. Everything in-between: Use visualization (especially Dimensionality Reduction) to map the use

case to the first or second case.
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Low Essential Complexity (1/8): UNCOVER

| 9

› We proposed UNCOVER to classify whether a news story was written by a human or a Large-Language

Model ([Liebe et al., 2023]; github.com/hpicgs/unCover).
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Low Essential Complexity (2/8): TEM 

| 10Digital Engineering Faculty, University of Potsdam & HMS Analytical Software GmbH | Tim Barz-Cech

› We adapted the Topic Flow Model from 

Churchill et al. [Churchill et al., 2018] 

to our Topic Evolution Model (TEM)

› Improving the filtering of stop words in 

early periods

› Handling short documents where most

words would be filtered

› Handling an edge case of strictly 

co-occurring terms by merging nodes

› We developed an alternative technique to
matching nodes
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Low Essential Complexity (3/8): Human Output
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Low Essential Complexity (6/8): Final Approach

| 14

› We trained a logistic regression over

› If both regressions agree, output the decision

› Otherwise, combine the outputs:

Stylometry output | TECM confidence

and over trigrams (stylometry)
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Low Essential Complexity (7/8): Quantitative Eval
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Low Essential Complexity (8/8): Qualitative Eval

| 16

• We interviewed 13 students with experience in Machine Learning or Natural Language 

Processing and tasked them to correctly discern between generated and human-written 

news-stories

• 9 out of 13 participants (≈ 69%): UnCover helped “strongly” (4 out of 6 points) or more

• 12 out of 13 participants (≈ 92%): Visualizations are “understandable” (4 out of 6 points)

or more with minimal training

• Before being questioned about it, five participants highlighted the explainable aspects of the tool.

• More than half of the participants actively changed their decision by using unCover.

• Most participants would use unCover again.
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The Evolution of Language (1/2)
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The Evolution of Language (2/2)
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High Essential Complexity (1/6): Software Defects

| 19

› Effort awareness [Kamei et al., 2012]

› Just-in-time criterion [Fukushima et al., 2014]

› Labels [Fu and Menzies, 2017]

› From where?

› Representativeness?

› Timeliness?

› t1p.de/SoftwareQualityDays

› Source last checked: 22nd May 2023 15:31

Digital Engineering Faculty, University of Potsdam & HMS Analytical Software GmbH | Tim Barz-Cech
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High Essential Complexity (2/6): CPDP

| 20

Cross-Project Defect Prediction (CPDP) Aims to Predict Bugs from another project [?]

Digital Engineering Faculty, University of Potsdam & HMS Analytical Software GmbH | Tim Barz-Cech
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High Essential Complexity (3/6): Limits of CPDP

| 21

› Many algorithms perform poorly when used in a Cross-Project Defect Prediction context

[Herbold et al., 2018]

Digital Engineering Faculty, University of Potsdam & HMS Analytical Software GmbH | Tim Barz-Cech
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High Essential Complexity (4/6): Our Approach I

| 22

Unsupervised techniques! [Yang et al., 2016] (With informed critiques

[Fu and Menzies, 2017] [Huang et al., 2017])

› Cluster-Based Techniques

› Outlier Mining Techniques

Digital Engineering Faculty, University of Potsdam & HMS Analytical Software GmbH | Tim Barz-Cech
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High Essential Complexity (5/6): Our Approach II

| 23

Classifying defects with different models enabled us to discover the predictive model of simple models

[Cech et al., 2023a].
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High Essential Complexity (6/6): Results
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Dimensionality Reduction 

Using Dimensionality Reduction (DR) one can make high-dimensional data spaces plain in 2

dimensions ([Atzberger and Cech et al., 2024];

github.com/hpicgs/Topic-Models-and-Dimensionality-Reduction-Benchmark).

Digital Engineering Faculty, University of Potsdam & HMS Analytical Software GmbH | Tim Barz-Cech
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Medium Essential Complexity (1/5): Guidelines  

We computed more than 40.000 layouts in the domain of Natural Language Processing and

compared them via quality metrics and came up with the following guidelines:

1. Ensuring the independence of high-dimensional axes is recommended 

(e.g., by applying a linear combination).

2. When optimizing for accuracy metrics, a Topic Model should be applied.

3. When optimizing for perception metrics, a Topic Model might not be necessary.

4. In doubt, use t-SNE with default parameters.

Digital Engineering Faculty, University of Potsdam & HMS Analytical Software GmbH | Tim Barz-Cech
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Medium Essential Complexity (2/5): Method I 

Digital Engineering Faculty, University of Potsdam & HMS Analytical Software GmbH | Tim Barz-Cech
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Medium Essential Complexity (3/5): Method II 

The 20 newsgroups dataset contains text that were gathered on 20 public mailing lists 

(here two examples of the “atheist” mailing list is shown).
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Medium Essential Complexity (4/5): Method III 
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Medium Essential Complexity (5/5): Method IV 

Investigating datasets in a DR layout may enable matching categories in classes [Cech et al., 2025] 
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Discussion (1/2): No-Free-Lunch Theorem 
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Discussion (2/2): Curse of Dimensionality 
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Outlook (1/4): SDMX 
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Outlook (2/4): SDMX Lab 

Digital Engineering Faculty, University of Potsdam & HMS Analytical Software GmbH | Tim Barz-Cech
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Conclusions

› We used a tool-focused approach that allows for practical evaluations but also increases 

the probability of a software defect that alters the data

› In addition, the interpretative approach renders the investigation necessarily incomplete

and open for further investigation

› However, we found practical evidence and discovered our central hypothesis from our data

› Thus, essential complexity was found to be a central property when creating explanations

› Contributes to concerns on “sociotechnical frictions” (e.g. [Crisan et al., 2024])
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