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Which Concepts does a Feature encode?

Layer 47, Feature 3815
{GPT-2 XL, MLP}

Feature: Here, a neuron in an LLM.

“Personal experiences or
opinions”

Feature description




Previous Automated Interpretability Methods

LI L[]
L] |

[ |
[ [ [ ][]
“Personal experiences or

-— —>  Jfaurzss —> : — LLM — opinions”

{GPT-2 XL, MLP} :

I
[ Feature description
Top k sample

activations

Data Model feature

Goal: Identify concepts encoded in a feature.



Which Concepts does a Feature encode?

N SR Y monosemantic?

Layer 47, Feature 3815
{GPT-2 XL, MLP}

“Personal experiences or
opinions”

Feature description




Which Concepts does a Feature encode?

T polysemantic? E.: ............

Layer 47, Feature 3815
{GPT-2 XL, MLP}

“Quantities, specifically
numbers, and time periods”

“Personal experiences or
opinions”

“Indefinite articles
before contextual nouns”

Feature descriptions




[Problem }

e Individual features often encode multiple distinct concepts
(polysemanticity).

e Standard automated interpretabilty methods assume each feature
corresponds to a single concept.

Ly This leads to an illusion of monosemanticity.



[Problem }

e Individual features often encode multiple distinct concepts
(polysemanticity).

e Standard automated interpretabilty methods assume each feature
corresponds to a single concept.

Ly This leads to an illusion of monosemanticity.

{Solution ]

e Identify polysemantic features.
e For each such feature, detect the distinct concepts it responds to.
e Provide a more accurate description of what each feature encodes.



PRISM Framework

Extracting Feature Descriptions

Evaluation

Layer 47, Feature 3815
{GPT-2 XL, MLP}

“Quantities, specifically
numbers, and time periods”

“Personal experiences or
opinions”

“Indefinite articles
before contextual nouns”

Multi-concept feature descriptions

Polysemanticity Scoring

“experiences”

6

Description Scoring

|:| Control dataset
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Lower Cosine Similarity
- high polysemanticity

Higher activation
-> more accurate description



Extracting Feature Descriptions
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{GPT-2 XL, MLP}

Model feature

1. Percentile Sampling

Mean sentence
activation

Activations

e ad

9 Percentile

Sentence percentile
activation distribution

100

2. Concept Clustering

Sentence clusters

Goal: Identify concepts encoded in a feature.

3. Cluster Labeling

“Quantities, specifically
numbers, and time periods”

“Personal experiences or
opinions”

“Indefinite articles
before contextual nouns”

Concept cluster labels




1. Percentile Sampling
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,O e_n e_n eI:]ce 99 Percentile 109
activations activations

Sentence percentile
activation distribution

Broader Sampling: Sample from different distributions, not only top activating.
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2. Concept Clustering

Concept 1
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Senten§e ‘ :
embedding . .
) !
[T
-------1Clusteringf:----->
I’ \\
@@ 1 ]
e® X . Concept 2
®@® 1 \
(ORS) v ~ (OSLTS
=) Concept 8

ccoeoooc0ee?® -

Sampled sentences Sentence clusters

Concept Discovery: Cluster high-activation sentences to identify recurring patterns.
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3. Cluster Labeling

“Quantities, specifically
numbers, and time periods”

“Personal experiences or
opinions”

“Indefinite articles
before contextual nouns”

Sentences in concept clusters Concept cluster labels

Descriptions: Top examples from each cluster guide an LLM in creating descriptive cluster labels.



Extracting Feature Descriptions
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{GPT-2 XL, MLP}

Model feature

1. Percentile Sampling

Mean sentence
activation

Activations

e ad

9 Percentile

Sentence percentile
activation distribution

100

2. Concept Clustering

Sentence clusters

Goal: Identify concepts encoded in a feature.

3. Cluster Labeling

“Quantities, specifically
numbers, and time periods”

“Personal experiences or
opinions”

“Indefinite articles
before contextual nouns”

Concept cluster labels




PRISM Framework

Extracting Feature Descriptions

“Quantities, specifically
numbers, and time periods”

A 9 o Y &N.———} “Personal experiences or
opinions”

“Indefinite articles
before contextual nouns”

Layer 47, Feature 3815

{GPT-2 XL, MLP} Multi-concept feature descriptions
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PRISM Framework

Evaluation

Polysemanticity Scoring

“experiences”

6

Description Scoring

|:| Control dataset
O

P D

el .

Lower Cosine Similarity
- high polysemanticity

Higher activation
-> more accurate description



Polysemanticity Scoring

[ “quantities” |

1. Encode descriptions using a sentence
7 [experiences’) embedding model.
2. Compute pairwise cosine similarities.

“articles”

Lower Cosine Similarity
-> high polysemanticity

Evaluation: Measure similarity among the generated descriptions per feature.
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Description Scoring

| “Quantities, specifically
*"| numbers, and time periods”

“Personal experiences or

opinions”

u

“Indefinite articles

before contextual nouns”

Layer 47,
Feature 3815 Mul
{GPT-2 XL, MLP}

Evaluation: Assess how well each description aligns with a feature’s activation distribution.

ti-concept feature descriptions

Step 1:
Generate Synthetic Data

[...1

“Throughout the 1,460 days spanning four years,
"Over the course of 25 years, the dedicated [...]
“[...] stretched for 308 minutes [...]"

“My strongest childhood memories are [...]"
“[...] deep appreciation for for the power of science [...]"

“One of the most rewarding aspects of my career [...]

captivating and mysterious occurrence [...]
..] during an oppressively hot afternoon [...]
..] formation of a global consortium [...]"

-

“A
[.
[.

“The rise of social media has indeed brought us [...]”
“l...] exploration of executive search firms and [...]"
“Conducting a successful meeting is an essential [...]”
[...] certainty that the future will resemble the past.”

Control dataset

——

Step 2:

Collect Feature

Activations

Step 3:

Score Explanations

Density

[ control dataset
=

Activations

Higher activation
-> more accurate description
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Description Scoring

“Quantities, specifically
| numbers, and time periods”

“Personal experiences or
opinions”

“Indefinite articles
before contextual nouns”

Layer 47,
Feature 3815
{GPT-2 XL, MLP}

Multi-concept feature descriptions

Evaluation: Assess how well each description aligns with a feature’s activation distribution.



Description Scoring

Step 1:
Generate Synthetic Data

“Throughout the 1,460 days spanning four years, [...]”
"Over the course of 25 years, the dedicated [...]"
“[...] stretched for 308 minutes [...]"

| “Quantities, specifically
"| numbers, and time periods”

“My strongest childhood memories are [...]"
“[...] deep appreciation for for the power of science [...]"
“One of the most rewarding aspects of my career [...]"

“Personal experiences or
opinions”

“Indefinite articles

" “A captivating and mysterious occurrence [...]"
Layer 47 before contextual nouns M ) . "
) [...] during an oppressively hot afternoon [...]
Feature 3815 Multi-concept feature descriptions “[...] formation of a global consortium [...]"
{GPT-2 XL, MLP}

-

“The rise of social media has indeed brought us [...]”
“l...] exploration of executive search firms and [...]"
“Conducting a successful meeting is an essential [...]”
“[...] certainty that the future will resemble the past.”

Control dataset

Evaluation: Assess how well each description aligns with a feature’s activation distribution.



Description Scoring

Step 1:
Generate Synthetic Data
Step 2:

[...1”
: Collect Feature
Activations

“Throughout the 1,460 days spanning four years,
"Over the course of 25 years, the dedicated [...]
“[...] stretched for 308 minutes [...]"

| “Quantities, specifically
*"| numbers, and time periods”

“My strongest childhood memories are [...]"
“[...] deep appreciation for for the power of science [...]"

“One of the most rewarding aspects of my career [...]

“Personal experiences or
opinions”

captivating and mysterious occurrence [...]
.] during an oppressively hot afternoon [...]
.] formation of a global consortium [...]"

“Indefinite articles
before contextual nouns”

“A
[.
[.

Layer 47,
Feature 3815 Multi-concept feature descriptions

{GPT-2 XL, MLP}

“The rise of social media has indeed brought us [...]”
“l...] exploration of executive search firms and [...]"
“Conducting a successful meeting is an essential [...]”
[...] certainty that the future will resemble the past.”

Control dataset

——

Evaluation: Assess how well each description aligns with a feature’s activation distribution.



Description Scoring
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step 1: \/n—l ZGEAU( )
Generate Synthetic Data
“Throughout the 1,460 days spanning four years, [...]” Step 2:

"Over the course of 25 years, the dedicated [...]

Collect Feature
“[...] stretched for 308 minutes [...]" T

Activations

| “Quantities, specifically
"| numbers, and time periods”

Step 3:

Score Explanations
“My strongest childhood memories are [...]" P
“Personal experiences or M — B "
opinions: [...] deep appreciation for for the power of science [...] [ control dataset
“One of the most rewarding aspects of my career [...]" [:]
M . - [artielesT)
Inairnilys arideles - “A captivating and mysterious occurrence [...]"
Layer 47 before contextual nouns Y . . )
, [...] during an oppressively hot afternoon [...]
Feature 3815 Multi-concept feature descriptions “[...] formation of a global consortium [...]"

{GPT-2 XL, MLP}

Activations

“The rise of social media has indeed brought us [...]"
“l...] exploration of executive search firms and [...]"

“Conducting a successful meeting is an essential [...]”
“[...] certainty that the future will resemble the past.”

Control dataset

Higher activation
-> more accurate description

——

Evaluation: Assess how well each description aligns with a feature’s activation distribution.
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Benchmark Results

GPT-2 XL Llama 3.1 8B Instruct GPT-2 Small Gemma Scope

Method (MLP neuron) (MLP neuron) (resid. SAE feature) (resid. SAE feature)

AUROC (1) MAD (1) AUROC (1) MAD (1) AUROC (1) MAD (1) AUROC (1) MAD (1)
MaxAct 0.53 (0.49-0.58) 11.86% 0.54 (0.46-0.63) 50.00% 0.53 (0.49-0.58) 11.86% 0.60 (0.50-0.69) 50.00%
GPT-Explain [1] 0.64 (0.56-0.73) 65.00% — — — — — —
Transluce-Explain [2] — — 0.59 (0.51-0.67) 63.33% — — — -
Neuronpedia [3] — — — — 0.54 (0.50-0.59) 1897% 0.62(0.53-0.72) 63.33%
Output-Centric [4] —_ — 0.55 (0.46-0.64) 58.33% 0.57 (0.53-0.62) 22.03% 0.58 (0.49-0.67) 46.67%
PRISM (mean) 0.65 (0.61-0.69) 66.33% 0.52 (0.48-0.55) 51.33% 0.51 (0.50-0.53) 13.22% 0.43 (0.39-0.46) 24.67%
PRISM (max) 0.85(0.78-0.91) 91.67% 0.71(0.63-0.78) 81.67% 0.57 (0.53-0.61) 28.81% 0.54 (0.45-0.62) 38.33%

PRISM (max) descriptions are more accurate and outperform the competitive approach of
GPT-Explain.

[1] Steven Bills et al. Language models can explain neurons in language models. OpenAl. 2023.

[2] Dami Choi et al. Scaling Automatic Neuron Description. Transluce Al. 2024.

[3] Johnny Lin. Neuronpedia: Interactive Reference and Tooling for Analyzing Neural Networks. 2023. 22
[4] Yoav Gur-Arieh et al. Enhancing Automated Interpretability with Output-Centric Feature Descriptions. ACL. 2025.



Evaluation across Models and Layers

1.0
| & GPT-2 XL
0.65 Llama 3.1-8B Instruct
A& GPT-2 Small SAE
0.8 > 0.601 Gemma Scope
et
| .
@© 0.55
8 0.6 I
,I = 0.50
wn
= (0]
< 0.41 c 0.45
)
(@)
& GPT-2 XL O 0.40
0.21 Llama 3.1-8B Instruct
&+ GPT-2 Small SAE 0.351
Gemma Scope
' ea'rly middle late ea'rly middle late
Layer Layer
(a) Description scores. (b) Polysemanticity scores.

(a) Middle layers generally appear to be easier to interpret.
(b) Gemma Scope SAE feature descriptions show high monosemanticity across layers.
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Meta-Level Concepts

id Metalabel Feature Descriptions

3 Technology and Specifications

g Product Information 18 Structured - Numerical or quantitative values, including years, measurements, and counts, in advert-like
31 Products L . Data tgxt excerpts . S . _ o
o /8/d% ol® 092> '/”format'on - Titles, names, locations, and dates in bibliographic entries or citations
o, \@) & - Academic degrees, professional roles, locations, and years related to education or employ-

12 Digital Tools and ment history

Resourcesw{. q®e0 § /!
e 7 S > 45 Legal and - Division of assets/property, medical procedures/treatments, legal disputes/court proceedings,
> :\0 *, Administra- and organizational activities/events
" ° ? 15 Quantified tive Affairs - Ownership of property or membership status
19 %g%ggmgm and @gq @ ,DeSCf'Pt'Ons - Commercial transactions, legal proceedings, and financial obligations
¢ P
o ".c e % 29 Events and - Achievements, awards, or special events, often including a specific person or group
”": ° Activities - Food, specific locations, and activities/routines, often involving a change in direction or state
e 35 Personal Development - Events, shows, or locations, often with a time or date, and sometimes including named
17 Miscéllaneoe's',...’ . giilitanagement people
*% .\ 6 Positive Ex- - Expressions of excitement, sharing, or positive feedback
periences - Expressions of gratitude, current time references, or positive descriptions
_ *o¢ ) - Experiences related to travel, leisure activities, meals, and events, particularly those with a
40 Time/Date Related Information temporal element (time, dates, or duration)

{GPT-2 XL, MLP}

Metalabels: Group feature descriptions to identify higher-level topics. o



Conclusion

PRISM

generates multi-concept descriptions

of features

Layer 47, Feature 3815
{GPT-2 XL, MLP}

“Quantities, specifically
numbers, and time periods”

“Personal experiences or
opinions”

“Indefinite articles
before contextual nouns”

Multi-concept feature descriptions
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Conclusion

PRISM

evaluates polysemanticity and

description quality

Polysemanticity Scoring

“experiences”

6

Lower Cosine Similarity
- high polysemanticity

Description Scoring

l:l Control dataset
=

\‘\\

Higher activation
-> more accurate description
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Conclusion

PRISM

enables multi-level concept analysis

id Metalabel Feature Descriptions

18 Structured - Numerical or quantitative values, including years, measurements, and counts, in advert-like
N Data text excerpts
9 ole 833 '/nfar'“alwn - Titles, names, locations, and dates in bibliographic entries or citations

D

3 Technology and
N

8 Product Information
31 Products

» /o8

) o - Acadenmic degrees, professional roles, locations, and years related to education or employ-
A é;‘ ment history
O - - -
Ssp~—s—— 45 Legal and - Division of ty, medical legal t
v [ dministra-  and al
%_ o &pl5Quantiied tive Affairs - Ownership of property or membership status
19 pevelopmentand o & gDescrivtions -C i legal proceedings, and financial
LAY N B N .
o e 29 Evenis and - Achievements, awards, or special events, often incluing a specific person or group
e, Activiies - Food, specific locations, and activities/routines, often involving a change in direction or state
35 Personal Development - Events, shows, or locations, often with a time or date, and sometimes including named
/! & and Managemenpt
17 miscellaneoys? °5.8 people
LT ?” 6 Positive Ex- - Expressions of excitement, sharing, or positive feedback
/ periences - Expressions of gratitude, current time references, or positive descriptions

- Experiences related to travel, leisure activities, meals, and events, particularly those with a

°
BRI N S A AT temporal element (time, dates, or duration)
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Conclusion

PRISM

e generates multi-concept descriptions

of features

e evaluates polysemanticity and

description quality

e enables multi-level concept analysis
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https://arxiv.org/abs/2506.15538

https://dithub.com/Ikopf/prism
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