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Mechanistic?
Saphra and Wiegreffe (2024)

Narrow Cultural Definition

Al safety researchers motivated by philosophical arguments for interpretability.
Broad Cultural Definition

Al researchers interested in model internals.
Broad Technical Definition

Any research that describes the internals of a model.

Narrow Technical Definition

Understanding neural networks through their causal mechanisms.



https://arxiv.org/abs/2410.09087
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Difference-in-means Steering
Visuals from Turner et al. (2023)
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https://arxiv.org/abs/2308.10248

AxBench

Evaluating Methods of Model Control (Wu et al. 2025)

Input: Prompt and Steering Prompt

Output: Updated Model user prompt

-valuation: Judge generated text Who are you?
Golden Gate

'



https://arxiv.org/abs/2501.17148

Baseline AxBench Results

Method  Gemma-2-2B Gemma-2-9B Avg. Method Gemma-2-2B Gemma-2-9B  Avg.
-valuatianeoy bivbjudgess ofL3i L10 L20 L20 L3l
Golden Gate Claude : Prompt  0.698 0.731 1.075 1.072 0.894

LoReFT 0.701 0.722 0.777 0.764 0.741
SFT 0.637 0.714 — — 0.676
LoRA 0.637 0.641 0.602 0.580 0.615

May 23,2024 + 3 minread

Steered ReFT-rl 0.633 0.509 0.630 0.401 0.543
output DiffMean  0.297 0.178 0.322  0.158  0.239

SAE 0.177 0.151 0.191 0.140 0.165
SAE-A 0.166 0.132 0.186 0.143  0.157
LAT 0.117 0.130 0.127 0.134 0.127
PCA 0.107 0.083 0.128 0.104 0.105
Probe 0.095 0.091 0.108 0.099 0.098
SSV 0.072 0.001 0.024 0.008 0.026

1d401C O. ) VVIIHALC dgdlllSL S ALS 10 CdCIl 1ICUL1I0d, d1LlCT
steering factor selection. Table 2: ) Mean overall steering scores for each

method, after steering factor selection. Gray indicates non-
representation steering methods.



Pointers to the Literature

Early papers controlling neural networks via neuron manipulation:
Giulianelli et al. 2018, Bau et al. 2019, Bau et al. 2019, Besserve et al. 2019

More recent papers on steering:
Subramani et al. 2022, Marks et al. 2023, Turner et al. 2024, Panickssery et al. 2024,

Li et al. 2024

AxBench:
Wu et al. 2025

Golden Gate Claude



https://arxiv.org/abs/1808.08079
https://arxiv.org/abs/1811.01157
https://arxiv.org/abs/1811.10597
https://arxiv.org/abs/1812.03253
https://arxiv.org/abs/2205.05124
https://arxiv.org/pdf/2310.06824
https://arxiv.org/abs/2308.10248
https://arxiv.org/abs/2312.06681
https://arxiv.org/abs/2306.03341
https://arxiv.org/abs/2501.17148
https://www.anthropic.com/news/golden-gate-claude
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Causal Mediation Analysis
Robins and Greenland (1992); Pearl (2001)

O

Control Variable Response Variable


https://pubmed.ncbi.nlm.nih.gov/1576220/
https://arxiv.org/abs/1301.2300

Causal Mediation via Activation Patching
Visuals from Vig et al. (2020)
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https://arxiv.org/pdf/2004.12265

Causal Tracing (Mediation with Ablations)
Visuals from Meng et al. (2022)

Intervention: Add Gaussian noise to the Input Embeddings


https://arxiv.org/pdf/2202.05262

Pointers to the Literature

Papers explicitly using the framework of mediation:
Vig et al. 2020, Finalyson et al. 2021, Stolfo et al. 2023, Meng et al. 2022, 2023,
Prakash et al. 2024, Nikankin et al. 2025

Papers using neuron clamping or concept erasure methods:
Li et al. 2016, Ravfogel et al. 2020, 2022, Elazar et al. 2021, Belrose et al. 2023, Geva

et al. 2023

Circuits papers:
Cammarata et al. 2020, Elhage et al. 2021, Olsson et al. 2022, Wang et al. 2023,
Conmy et al. 2023, Hanna et al. 2023 Nanda et al. 2023

A position piece and survey of the field through the lens of mediation:
Mueller et al. 2024



https://arxiv.org/abs/2004.12265
https://aclanthology.org/2021.acl-long.144/
https://arxiv.org/abs/2305.15054
https://arxiv.org/abs/2202.05262
https://arxiv.org/abs/2210.07229
https://arxiv.org/abs/2402.14811
https://arxiv.org/pdf/2410.21272
https://arxiv.org/abs/1612.08220
https://arxiv.org/abs/2004.07667
https://arxiv.org/abs/2201.12091
https://direct.mit.edu/tacl/article/doi/10.1162/tacl_a_00359/98091/Amnesic-Probing-Behavioral-Explanation-with
https://arxiv.org/abs/2306.03819
https://arxiv.org/abs/2304.14767
https://arxiv.org/abs/2304.14767
https://distill.pub/2020/circuits/
https://transformer-circuits.pub/2021/framework/index.html
https://transformer-circuits.pub/2022/in-context-learning-and-induction-heads/index.html
https://arxiv.org/abs/2211.00593
https://arxiv.org/abs/2304.14997
https://arxiv.org/abs/2305.00586
https://arxiv.org/abs/2301.05217
https://arxiv.org/abs/2408.01416
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Computational Explanation

We explain certain kinds of dynamical
systems with algorithms they implement:

- A laptop sorting numbers
- Humans hearing and producing speech

- A language model generating text
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Mathematizing Implementation with Causal Abstraction
Geiger et al. (2025a; 2025b)

When does a neural network

implement an algorithm? - X
- Neural networks as causal models ‘ ‘ ‘ ‘

. Algorithms as causal models
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https://arxiv.org/abs/2301.04709
https://arxiv.org/abs/2508.11214

A Transformer Adding Two-Digit Numbers
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A Transformer Adding Two-Digit Numbers
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A Causal Model Adding Two-Digit Numbers




A Causal Model Adding Two-Digit Numbers
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Aligning the High-Level and Low-Level Models

0110=X10+ Y10+ C O1=X1+ Y1%10
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Interchange Interventions
eiger et al. (2020)
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https://aclanthology.org/2020.blackboxnlp-1.16/

Featurizing a Hidden Vector
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Distributed Interchange Intervention
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Distributed Alignment Search (DAS)

Localizing Causal Variables to Linear Subspaces with SGD (Geiger et al. 2024)

Use causal model

under intervention o */
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https://arxiv.org/abs/2303.02536

Desiderata Based Masking (DBM)

Supervised Selection of Frozen Features (Davies et al. 2023)

Use causal model

under intervention o */
as supervision '
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https://arxiv.org/pdf/2307.03637

Pointers to the Literature

* Mechanistic interpretability papers explicitly using the framework of abstraction:
Geiger et al. 2020, Wu et al. 2023, Geiger et al. 2024, Arora et al. 2024, Huang et al.
2024, Kallini et al. 2024, Csordas et al. 2024, Feng et al. 2024, Mueller et al. 2025,
Prakash et al. 2025, Gur Arieh et al. 2025, Rodriguez et al. 2025, Boguraeyv et al.
2025, Huang et al. 2025, Minder et al. 2025, Grant et al. 2025, Sutter et al. 2025

* Theory of causal abstraction:
Rubenstein et al. 2017, Beckers et al. 2018, Geiger et al. 2025a, Geiger et al. 2025b

» Desiderata-based masking:
Davies et al. 2023



https://aclanthology.org/2020.blackboxnlp-1.16/
https://arxiv.org/abs/2305.08809
https://arxiv.org/abs/2303.02536
https://arxiv.org/abs/2402.12560
https://arxiv.org/pdf/2402.17700
https://arxiv.org/pdf/2402.17700
https://arxiv.org/pdf/2401.06416
https://arxiv.org/html/2408.10920v1
https://arxiv.org/abs/2406.19501
https://arxiv.org/abs/2504.13151
https://arxiv.org/abs/2505.14685
https://arxiv.org/abs/2510.06182
https://arxiv.org/abs/2410.22590
https://arxiv.org/abs/2505.16002
https://arxiv.org/abs/2505.16002
https://arxiv.org/abs/2505.11770
https://arxiv.org/pdf/2411.07404
https://arxiv.org/abs/2501.06141
https://arxiv.org/abs/2507.08802
https://arxiv.org/abs/1707.00819
https://arxiv.org/abs/1812.03789
https://arxiv.org/abs/2301.04709
https://arxiv.org/abs/2508.11214
https://arxiv.org/pdf/2307.03637
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Lookback Mechanisms

coffee

Visuals from Prakash et al. (2025)
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https://arxiv.org/abs/2505.14685

Designing Counterfactuals
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Designing Counterfactuals
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Designing Counterfactuals
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Mixing Mechanisms

Visuals from Gur Arieh et al. 2025
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https://arxiv.org/abs/2510.06182
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Key Takeaways

Causal mediation and abstraction theoretically ground mechanistic interpretability
Supervised mechanistic interpretability is powerful and effective
Benchmarking and evaluations are important

Designing counterfactuals is essential for uncovering complex algorithms



