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Figure 1. Illustration of the scenario for concept classification. (a) Existing Language Bottleneck Models [32, 33] (b) Our Attribute-
formed Language Bottleneck Model. Existing LBMs suffer spurious cue inference as they may make decisions based on non-essential or
background concepts. Additionally, their cross-class scalability is also limited, as expanding the concept space may be necessary for unseen
classes. On the contrary, our approach predicts classes solely based on their corresponding concepts to avoid the spurious cue problem,
and also ensures the cross-category consistent concept space by sharing the unified attribute set, allowing transfer to unseen classes.
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IMethods
Attribute-formed language bottleneck model(ALBM)
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Description, summary, and supplement strategy(DSS)
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I Methods

Description, summary, and supplement strategy(DSS)
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Aircraft CUB DTD Flowers102 FoodlOl OxfordPets CIFAR-10 CIFAR-100 ImageNet
CLIP-GPT 22 7 8 18 16 7 - - 17
ALBM 23 37 33 26 29 12 11 21 55

Table 1. The size of the attribute set on each dataset.

CLIP-GPT ALBM

size, length, fur texture, fur, size, breed, appear-
fur color, eye color, ear ance, body, color, snout,
shape, distinctive features  head, legs, tail, eyes, ears

Table 2. Comparison of the collected attributes on OxfordPets.
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IMethods
Visual attribute prompt learning(VAPL)
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IMethods
Visual attribute prompt learning(VAPL)
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I Experiments

Approach Aircraft CUB DTD Flowersl02 Foodl0l OxfordPets CIFAR-10 CIFAR-100 ImageNet

Unexplainable  ZS-CLIP [25] 32.6 634 532 793 91.0 93.6 86.0 55.6 714
VDCLIP [20] - 39 18.6 - 152 11.9 - - 234

Training-free CuPL [24] 19.9 - ) - 66.3 33.9 5.2 40.6 202
Language CLIP-GPT [19] 13.4 11.4  40.0 11.7 48.4 31.9 - - 443
Bottleneck LaBo* [33] 15,7 162 379 342 527 - 64.0 C1 | 378
ALBM* (ours) 18.0 25.0 485 54.9 75.4 35.9 83.1 43.1 64.6

Table 3. Comparison with zero-shot CLIP and training-free language bottlenecks in the zero-shot setting. * denote zero-shot predictions
based on their collected concept sets, while “-” indicates that the original approaches didn’t collect a concept set for the dataset.

Aircraft CUB DTD Flowers102 Food101 OxfordPets CIFAR-10 CIFAR-100 ImageNet

Approach
Base Novel Base Novel Base Novel Base Novel Base Novel Base Novel Base Novel Base Novel Base Novel

ZS-CLIP [25] 37.2 445 699 60.1 61.2 714 83.2 827 93.7 949 95.1 98.2 91.1 93.7 669 60.2 772 723

Unexplainable b, oy 1p(2s] 509 - 864 - 807 - 986 - 916 - 933 - 911 - 713 - 7185 -
Training-free VD-CLIP[20] - - 70 55 310 214 - - 199 180 148 225 - - - - 207 340
Language CuPL[24] 227 305 - - 512 438 - - 716 783 428 494 885 928 494 497 598 668
Bottleneck CLIP-GPT [19] 14.2 184 18.6 156 520 49.6 11.0 165 608 57.5 460 461 - - - - 700 221
Language Bott- LaBo[33] 429 - 769 - 770 - 876 - 908 - - - 8.6 - 556 - 1717 -
leneck Model CLBM[32] - - 674 - - - 50 - - - 600 - - - 514 - - -

Base-to-Novel ALBM (ours) 38.7 33.0 91.9 278 78.6 60.5 91.7 324 885 86.8 79.2 61.1 90.8 93.6 59.3 55.1 75.0 73.9

Table 4. Comparison with unexplainable CLIP, Training-free Language Bottlenecks, and Language Bottleneck Models on the base-to-
novel setting, where Training-free Language Bottlenecks are zero-shot learning approaches, Language Bottleneck Models are trained on
base classes, and “-” indicates that the original approaches didn’t collect the concept set for the dataset or unavailable for novel classes.
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Food101
Apple Pie Attributes Concepts Score Concepts Score Baby Back Ribs Attributes Concepts Score Concepts Score
typically filled with a Wi tender, flavorful pork black i
v Center mixture of sliced 3.28 bright, sunny brown 1.02 7 Feature  [ribs that are typically 283 r“:lsf: pepper on the 1.02
= apples, sugar, ... = slow-cocked and ...
=] - - : ‘E =) : =]
e typically referring to its n ==l typically around 10-13 % 12 inches long and 6
g State  [freshness, such as 3.26 | = iirivacé?:?e:riuuw °fl 1.02 g Size ribs per rack, each rib | 2.24 | < linches wide 1.01
a' freshly baked, room... PP E‘ averaging about ...
typically sliced into typically garnished with
Cutting wedge-shaped pieces, | 2.50 er‘llds otfj!he dc;]ugh Ll 1.01 Surroundings [sides like coleslaw, 2.32 11 pairs 1.01
ensuring each slice ... crmped together baked beans ...
cue
Attributes Concepts Score Concepts Score | Laysan Albatross Attributes Concepts Score Concepts Score
medium to large medium to large . i
v Size seabird with a 4.33 lays 4-5 eggs per clutch| 1,09 v Size seabird with a 8.74 :'ah'te hishd Wil DK 4 08
S wingspan ranging s o B wingspan ranging ... ° P -
E dark sooty-brown with 8 @ ) ; large, yellowish with a % diet consists mostly of
o Head robust and streamlined | 4.28 3 grayk\mth a black eye 1.07 o Beak hooked tip, well-suited | 2,97 | = |fish, squid, and 1.07
a' shape, featuring ... fras E‘ for catching fish ... crustans
generally dark saoty isheoli ith tw large seabird with a T
Back and belly |brown in color, with the | 4,25 gr‘;ylsb-o bk ° 1 1.05 Appearance |wingspan of up to 7 2.63 Ibat - 1.07
back slightly ... whits biats feet, predominantly ... RN MR
Aircraft
B707-320 Attributes Concepts Score Concepts Score B727-200 Attributes Concepts Score Concepts Score
known for its distinctive a variant of the Boeing :
v four-engine 3.56 tristar-shaped tail v Model 727 series, specifically | 3.84 g:“:g;i?ntﬁ ;zdﬁeral 1.13
3 configuration and ... o F designed for ... 8 B
= includes different sub- a o represents a specific @ |each with a thrust of
E maodels like the 707- 3.39 3 very versatile E Variant model or configuration | 3.26 | = |17,000 pounds-force 1.11
&l il ;
I 320B and 707-320C ... = within the ... (76 kn)
a commercial jet airliner| entered service with typically features a introduced into service
designed for medium to| 3.08 pan american world Color combination of white 3.20 with eastern air lines in | 1.09
long-haul ... airways in 1958 with additional colors ... 1964
Concepts Score Concepts Attributes Concepts Score Concepts Score
typically pink, red, p A a delicate pink hue with 5 petals that are all
w white, or yellow petals | 1.75 national flawer of Spain e Calor subtle variations 3.92 symmetrical and evenly 1.02
2 with variations ... o S M =2 ranging from pale ... IS spaced
b has a layered o = a bright yellow core =
a Structure  |arrangement of ruffled | 1.37 5 [classic symbol of = Center surrounded by delicate,| 2.88 | < |pastel pink color 1.01
m g ther's d o Y
i mother's day i ; /
= petals, ... = overlapping pink ...
typically a round, ruffled typically a five-petaled, known as the common
Shape bloom with multiple 1.30 realistic pink color Shape symmetrical form with | 2.83 primrose, english primrose, | 1,01
layers of frilled ... each petal slightly ... or flower primrose

Figure 3. Case study of bottlenecks constructed by ALBM and LaBo, where red texts indicate spurious cues, scores indicate concept
activations. The top three highest-weighted concepts for each category are shown. Categories and datasets are selected randomly.
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