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Abstract. We propose a novel framework for video understanding, called
Temporally Contextualized CLIP (TC-CLIP), which leverages essential
temporal information through global interactions in a spatio-temporal
domain within a video. To be specific, we introduce Temporal Contextu-
alization (TC), a layer-wise temporal information infusion mechanism for
videos, which 1) extracts core information from each frame, 2) connects
relevant information across frames for the summarization into context
tokens, and 3) leverages the context tokens for feature encoding. Further-
more, the Video-conditional Prompting (VP) module processes context
tokens to generate informative prompts in the text modality. Extensive
experiments in zero-shot, few-shot, base-to-novel, and fully-supervised
action recognition validate the effectiveness of our model. Ablation stud-
ies for TC and VP support our design choices. Our project page with the
source code is available at https://github.com/naver-ai/tc-clip.
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1 Introduction

Pretrained large-scale Vision-Language Models (VLMs) have shown remarkable
generalization capability in video understanding and have emerged as promis-
ing tools even for zero-shot or open-vocabulary recognition tasks [11, 32, 48].
However, pretraining task-specific models using video-text pairs pose significant
challenges, primarily due to substantial computational costs and excessive ex-
pense for annotated video-text data [40,43]. Consequently, recent studies in video
understanding [4,10,14,29,34,39,41,42| have shifted their focus toward employ-
ing image-based VLMs such as CLIP [32] with fine-tuning for aligning video
representations with text embeddings derived from category names.

Despite the success of CLIP in video recognition, existing approaches fail to
model temporal information in the video feature learning process, as shown in
Fig. 1(a)-(b). This limitation stems from the restrictive token interactions in the
temporal axis. For instance, cross-frame attention approaches [29,41], shown in
Fig. 2(a), attempt to gather temporal information only through class tokens. Al-
though VCLIP [42] incorporates patch-level details by bringing keys and values
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(c) Jomt Space—Tlme Attention: Pretendlng to turn somethlng upS|de down

d) Temporal Contextualization (Ours) “Throwing something in the air and catchmg it”

Fig. 1: Comparison of attention maps between various temporal modeling
approaches. Both (a) and (b) fail to recognize actions in the latter frames, whereas (c)
exhibits weak discriminability due to sparse attention on the background. In contrast,
(d) our method successfully focuses on informative regions across all frames, leading
to the accurate action recognition result.

from neighborhood frames in its self-attention operation as in Fig. 2(b), its tem-
poral scope is too narrow. Furthermore, ViFi-CLIP [34] simply averages frame-
wise representations with no inter-frame information exchanges. Such naive ap-
proaches tend to bias the models towards static information in their represen-
tation learning (e.g., objects and backgrounds) and hamper learning temporal
dynamics (e.g., motion and temporal variations). To ensure the global inter-
actions of patch tokens in a spatio-temporal domain, one possible option is to
consider every patch token from all frames as a reference during the encoding
process as illustrated in Fig. 2(c).

Unfortunately, such a straightforward extension for temporally global inter-
actions in VLMs pretrained with short image-text pairs witnesses extrapolation
challenges [3,31]; we have observed that a naive extension of sequence length
along the temporal axis degrades its discriminability substantially, as shown in
Fig. 3(a). The joint space-time attention model spreads attention over many
patches and fails to focus on informative tokens to recognize actions, resulting
in suboptimal performance compared to the frame-wise attention baseline. More-
over, this approach suffers from heavy computational overhead due to numerous
redundant and similar tokens, which often correspond to background regions.

This paper presents Temporally Contextualized CLIP (TC-CLIP), a
novel paradigm for extending CLIP to videos by encoding holistic video infor-
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Fig. 2: Temporal information learning methods. Prior works consider temporal
cues during the encoding process via (a) cross-frame attention [29,41] with [CLS] token
interactions or (b) temporal window expansion [42] by adding adjacent frame tokens
to key-value pairs. However, the former lacks patch-level interactions, while the latter
limits the range of temporal interactions. (c) Joint space-time attention allows full
interactions across all tokens, but it is costly and suboptimal in practice (see Fig. 3.)
(d) Unlike prior approaches, our method aggregates pivotal tokens from a broader
range yet efficiently for enhanced temporal integration into key-value pairs.
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Fig. 3: Pitfall of joint space-time attention. (a) Extending CLIP’s temporal se-
quence length degrades attention quality, presumably because it was not trained on
such long sequences. (b) We compare the action recognition performance in the few-
shot setting on diverse datasets. All existing methods fall behind our method.

mation through advanced temporal analysis. Specifically, our Temporal Con-
textualization (TC) pipeline summarizes global action cues into a small set of
tokens, called context tokens, for reference during the encoding process. These
context tokens act as additional key-value pairs for attention operations, pre-
sumably serving as temporal bridges that convey the video-level context. Our
preliminary study, shown in Fig. 3(b), implies that existing methods illustrated
in Fig. 2 offer minimal gains over the frame-wise attention, highlighting the need
for enhanced token interactions.

In addition, a Video-conditional Prompting (VP) module generates instance-
level textual prompts based on context tokens from the vision encoder. The VP
module comprises cross-attention operations that adopt learnable text prompts
as queries and context tokens as keys and values to inject video instance rep-
resentations into video-conditional textual prompts. This strategy compensates
for the lack of textual semantics in action recognition datasets, where textual



4 M. Kim et al.

descriptions are limited to action class names (e.g., skateboarding, skydiving)
without detailed narratives.

To verify the effectiveness and robustness of TC-CLIP, we perform extensive
evaluations across diverse video recognition benchmarks. Quantitative compar-
isons in zero-shot, few-shot, base-to-novel, and fully-supervised settings show
that the proposed approach outperforms the state-of-the-art methods by signif-
icant margins. We also provide an in-depth analysis of our design choices and
the impact of each component in our model.

2 Proposed Method

2.1 Preliminary

We first review how CLIP [32] is used for video action recognition. In particular,
we discuss the encoding procedure based on the vision and text encoders of
CLIP, denoted by {fs,, fo.}, to obtain video and text features, {v,c}.

Video encoding. Suppose that there exists a video V' € RT*HXWX3 of 4 gpatial

resolution H x W with T sampled frames. Following the Vision Transformer
(ViT) architecture [7], we first divide each frame into P x P non-overlapping
patches and flatten them as a set of vectors {x;; € R3*F ’ Y., where t is the
frame index, i is the patch index, and N = HW/P? is the number of patches.
Then, we derive a frame-level token sequence, z9 as follows:

0
z; = [X0157 Xt71Wemb> Xt,2Wemba ce aXt7NWemb] + €pos) (1)

where x.s € R% is a learnable classification embedding named [CLS] token,
Wemn € R3P *xdv ig g linear projection matrix, and ey is the spatial positional
embedding. The CLIP vision encoder, fy, (), sequentially encodes z. at each
layer I € {1,..., L,}, which is given by

2y = fp, (2 ). (2)

We project the [CLS] token of the t** frame, denoted by thﬁ, onto a common
vision-language latent space using a matrix Wy;s € RévXdvi j e v, = th’ & W yis.
Finally, the video representation v is obtained by averaging the per-frame rep-
resentations v; as v = AvgPool([vy, ..., vr]).

Text encoding. Given a text description C—category name in our problem—
for a video, the input of the text encoder, c°, is obtained by tokenizing words
in the description and computing their word embedding vectors. In addition to
the embeddings from category names, one can augment a sequence of prompt
embeddings p°, which are obtained from either hand-crafted templates such as
“a photo of a” or learnable prompt vectors. The CLIP text encoder, fy_(-),
sequentially processes a sequence of text embeddings including prompt embed-
dings, denoted by [p?, c’], and computes an intermediate representation at each
layer I € {1,..., L.} as follows:

P’ =f5. (P, 71, (3)
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Table 1: Motivation: What is the proper format for reference tokens? We
compare 16-shot training results using various types of reference tokens during the
frame-level representation encoding process. Using context tokens consistently improves
the baseline model regardless of the choice of the token aggregation function.

Type of reference tokens HMDB-51 UCF-101 SSv2

Baseline (No reference tokens) 67.1 93.3 12.0

[CLS] tokens from all frames [29,41] 67.2 (+0.1)  93.2 (—0.1)  12.3 (4 (J 3)
Patch tokens from adjacent frames [42] 67.8 (+0.7)  93.2 (—0.1) 12.8 (+0.8)
Patch tokens from all frames 63.3 (—3.8) 919 (—1.4) 120 (+0 0)
Context tokens — K-means [25] 68.0 (+0.9)  93.3 (+0.0)  13.1 (+1.1)
Context tokens — DPC-KNN [13] 67.9 (+0.8)  94.0 (+0.7)  14.3 (+2.3)
Context tokens — Bipartite soft matching |1, 15] 68.0 (+0.9)  93.8 (+0.5)  14.3 (+2.3)
Context tokens — Saliency-aware bipartite matching [5]  67.3 (+0.2)  93.7 (+0.4)  13.6 (+1.6)

where féc(-) denotes the [ layer of the CLIP text encoder. The final text repre-
sentations c is obtained by projecting the [E0S] token from the last layer to the
vision-language latent space using a matrix Wyeyt € R > dur ,i.e.,C= c  Wiext.

Video-text alignment. The similarity between video and text embeddings are

formulated as sim(v,c) = During training, the goal is to maximize the

- HVHHCH
similarity if V' and C are matched and minimize otherwise. For inference, the

category with the highest similarity is chosen as the prediction.

2.2 Motivation

Despite the successful generalization of CLIP for action recognition, its visual
feature encoding process in Eq. (2) constrains the model’s ability to capture
comprehensive spatio-temporal dynamics because it only considers intra-frame
token relationships. This limitation has led previous works to additionally in-
corporate reference tokens, denoted by s, to encode the ' frame tokens z; as

= fo,(z "8, (4)

However, their reference token designs are still limited due to insufficient spatio-
temporal interaction range. For instance, cross-frame attention (Fig. 2(a)) [29,41]
utilizes learnable global embedding vectors, e.g., [CLS] tokens, from all frames to
define the reference token as s = 21 g, ..., Z1,0], and temporal window expansion
(Fig. 2(b)) [42], on the other hand, integrates neighboring frame patch tokens for
S = [2t—1, Z++1]. Note that the former lacks patch-level details whereas the latter
captures temporal information only within a local range. Although incorporating
all patch tokens from a whole video as a reference (Fig. 2(c)), s = [z1, ..., 27],
might be conceptually reasonable, it is not practical due to the excessive num-
ber of tokens. Furthermore, this approach conflicts with the properties of CLIP
pretrained on short image-text pairs and significantly degrades attention quality.

To this end, we compute a reference, s = ¢([z1, ..., 27]), using a small set
of context tokens that summarize a whole input video, where ¢(-) is a token
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Fig. 4: Overview of Temporal Contextualization (TC). We first collect informa-
tive tokens from each frame and then aggregate relevant seed tokens to obtain context
tokens. They are used as key-value pairs for the self-attention in the next layer.

aggregation function. This approach delivers the essential temporal information
for the feature encoding while maintaining CLIP’s effective sequence length. Our
preliminary study, presented in Table 1, shows that using the proposed context
tokens as a reference consistently outperforms the frame-wise attention baseline,
whereas all other types of reference tokens only yield marginal gains or even
suffer from performance degradation.

2.3 Temporal Contextualization (TC)

Based on our motivation, we propose Temporal Contextualization (TC), which
consists of three steps: 1) informative token selection in each frame, 2) context
summarization across spatio-temporal dimensions, and 3) context infusion to all
tokens in the subsequent layer. Fig. 4 illustrates an overview of TC.

Informative token selection. Due to the many redundant tokens in a video,
using all patches may be suboptimal for extracting desired temporal informa-
tion. We only select the informative seed tokens based on each frame’s attention
scores obtained from self-attention operations. Specifically, given patch tokens
{2}, in the t'" frame, a set of attention scores {a(z; )}, is driven from the
attentiveness of the [CLS] token with respect to other tokens, which is given by
KT
Qelsih g, ) 7 (5)

Vd

where both the query qcs = z,,0W, € R¢ and keys K., = z:Wy, € RN+1)xd
are given by linear projections of input z; € RN+Ux4 Tn practice, our model
yields multiple [CLS] attention scores from multi-head self-attention (MHSA)

a(z;) = Softmax (
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operations and computes the average of the attention scores from all heads, i.e.,
a,; = ZhH:1 af';/H, where aj; = a"(z ;) is the attention score for the i*" patch
z;; in the t' frame and H is the number of heads. Finally, we identify a set of
seed token indices for the t*" frame, S;, by selecting n, elements with the highest
attention scores, where n; is controlled by a hyperparameter a« = nz/N.

Temporal context summarization. We describe how to connect the seed
tokens derived from individual frames based on their relevance and identify a
collection of context tokens. We first collect the seed tokens from all frames as
{2t,i}(t,i)es, where S = {(t,i)|i € S;,t = 1,...,T} is a set of seed token indices
from all frames and Z;; indicates an interim token encoded from z;; via the
self-attention operation. Then we perform their spatio-temporal summarization
by clustering and merging all the seed tokens as

$=0({ze,i}ti)es) (6)

where § € R¥*P denotes a collection of the summarized tokens, which we call
context tokens, and ¢ is a token aggregation function. While diverse token ag-
gregation techniques are valid for TC (See Table 8), we adopt bipartite soft
matching [1, 15] by default. Subsequently, the context tokens § are fed into a
feed-forward network (FFN).

Temporal context infusion. Finally, we infuse the summarized context to all
patch tokens by modifying the self-attention function. The keys and values of
self-attention in every frame are expanded to include context tokens as follows:

-
Q., K., |K]
Vd
where Kg = sW; and Vg = sW,, are linear projections of the context tokens
s € RF*4 Here, B € RINtDX(N+k+1) ig 3 bias matrix that distinguishes between

frame-level local information and video-level global information in the expanded
key matrix as follows:

Attentionrc(zt, s) = Softmax( + B) (V.| Vs], (7)

(8)

ij =

B, — blocal lf] S N +1
bgiobal Otherwise,

where biocal and bgiohal are learnable parameters and defined for multiple heads
at each layer. We build our TC pipeline in a layer-wise manner, and thus the
encoding process of each layer is expressed as

1 | MHSA(LN(z™)) + 27! ifl=1 ©
Z, =

P ] MHSA 1 (LN(25 1), LN(st 1)) + 271 otherwise,
z; = FFN(LN(2})) + 2;, (10)
s! = FEN(LN(8)) + &', (11)

where MHSAT¢(+, ) denotes the MHSA operation based on Eq. (7) and LN(-)
stands for the layer normalization function.
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Fig. 5: Video-conditional Prompting (VP) module. Video information from the
context tokens is injected into the text prompt vectors using a cross-attention mecha-
nism, generating instance-level prompts that make up for the lack of textual semantics.
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2.4 Video-conditional Prompting (VP)

The Video-conditional Prompting (VP) module further leverages the compre-
hensive video information derived from the visual domain for text encoding. We
apply a cross-attention between prompt vectors and context tokens to enrich the
information in the prompt vectors as illustrated in Fig. 5. Let ¢/~! and p'~! be
class name tokens and learnable prompt vectors from the (I — 1) layer of the
text encoder, respectively. We derive temporally contextualized prompt vectors
p'~! by passing the layer-normalized prompt tokens and context tokens through
a cross-attention layer and an FFN layer as follows:

pmJ = SG(s'Wyis), (12)
= MHCA(LNP( ) LN ( prOJ)) + pl_17 (1?))
p ! = FFN(LN(p' 1) + p' !, (14)

where SG(-) is a stop-gradient function, Wy;s is a weight matrix of CLIP to
linearly project vision representations onto a common vision-language latent
space, and MHCA(+, -) is a multi-head cross-attention operation for interactions
across modalities, accepting text prompt vectors as queries and vision features as
keys and values. The VP module fy, . (-, -) is defined by a composition of Eq. (13)
and Eq. (14), and executed before the last layer of text encoder fp, . Finally, the
new formulation of our encoding process in the text modality is given by

[N féc([fe\/?( ’ i)!‘o_]) Cl_l]) ifl =L
Phel= {féc([ =1 cl=1)) otherwise. (15)

2.5 Training Objective

TC-CLIP learns to maximize the similarity of video representations v and text
representations ¢ for matching pairs in a mini-batch via the cross-entropy loss as
— >, log Zexfxgl(:i:'("’,i){ )T/)T), where 7 is a learnable temperature parameter.

Our model is fully fine-tuned in an end-to-end manner.
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Table 2: Comparison with state-of-the-arts on zero-shot action recognition.
All the models are trained on Kinetics-400 and directly evaluated on other datasets. WE
indicates the weight-space ensemble between the fine-tuned model and CLIP, adopted
for all applicable models for fair comparisons. t denotes results reproduced using our
implementation. The best results are in bold-faced numbers, and the second-best ones
are underlined. Our results using the original and LLM-rephrased category names are
highlighted in blue and purple , respectively.

Method WE  HMDB-51 UCF-101 K600 (Top-1) K600 (Top-5)  All (Top-1)
Vanilla CLIP [32] 40.8 £ 0.3 63.2+0.2 59.8 + 0.3 83.5 + 0.2 54.6
ActionCLIP [39] 49.1 £ 04 68.0=£0.9 56.1 £ 0.9 83.2 £ 0.2 57.7
A5 [14] 443 +£2.2 693 4.2 55.8 £ 0.7 81.4 4+ 0.3 56.5
X-CLIP [29] 44.6 £ 5.2 72.0 £ 2.3 65.2 +£ 0.4 86.1 £ 0.8 60.6
Vita-CLIP [41] 48.6 £ 0.6 75.0 £ 0.6 67.4 + 0.5 - 63.7
ViFi-CLIP [34]f 523+02 789+1.1 70.7 £ 0.8 92.1 +£0.3 67.3
TC-CLIP (Ours) 53.7 £ 0.7 80.4 + 0.9 72.7 £ 0.5 93.2 £ 0.2 68.9
ActionCLIP [39] v 51.9 + 0.5 74.2 £ 1.0 67.5+ 1.2 90.7 + 0.1 64.5
ViFi-CLIP [34]f v 522 £ 0.7 81.0£ 0.9 739+ 0.5 93.3 £0.3 69.0
Open-VCLIP [42] v 539+12 834+12 73.0 £ 0.8 93.2 +£ 0.1 70.1
TC-CLIP (Ours) v 54.2 + 0.7 829406 75.8 £ 0.5 94.4 £ 0.2 71.0
Using LLM-based text augmentation

MAXTI [24] v 523 £0.7 782+0.8 71.5 £ 0.8 92.5 + 0.4 67.3
OST [4] v 55.9 £ 1.2 79.7 £ 1.1 75.1 £ 0.6 94.6 £ 0.2 70.2
FROSTER [10] v 548 +£13 848+1.1 74.8 £0.9 - 71.5
TC-CLIP (Ours) v 56.0 £ 0.3 85.4 + 0.8 78.1 £ 1.0 95.7 £ 0.3 73.2

3 Experiments

We conduct experiments on 5 video benchmarks: Kinetics-400 [16] & 600 [2],
HMDB-51 [21], UCF-101 [37], and Something-Something v2 (SSv2) [9]. Follow-
ing [34], our evaluation protocols include zero-shot, few-shot, base-to-novel gen-
eralization, and fully-supervised action recognition tasks. We adopt CLIP with
ViT-B/16 for all experiments and our baseline is ViFi-CLIP [34]. All models are
trained using 4 NVIDIA Tesla V100 GPUs. More details are in the appendix.

3.1 Quantitative Comparison

We mainly compare our method with CLIP-based video recognition models:
Vanilla CLIP [32], ActionCLIP [39], A5 [14], X-CLIP [29], Vita-CLIP [41], ViFi-
CLIP [34], Open-VCLIP [42], OST [4], and FROSTER [10]. For the fair compar-
isons with approaches based on Large Language Model (LLM) with text augmen-
tation [4, 10, 24], we produce two versions of our results: one using the original
action category names (colored in blue ) and the other adopting the LLM-
rephrased category names obtained from FROSTER [10] (colored in purple ).
Note that experiments on the SSv2 dataset do not involve LLM-rephrasing.

Zero-shot action recognition. Table 2 exhibits the zero-shot generalization
ability of several models, where they are trained on K-400 and then directly
evaluated on individual datasets. For fair comparisons with recent models [4,
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Table 3: Comparison with state-of-the-arts on few-shot action recognition.
All the models are directly fine-tuned from CLIP. Our results using the original and
LLM-rephrased category names are highlighted in blue and purple , respectively.

HMDB-51 UCF-101 SSv2 All
Method K=2 K=4 K=8 K=16|K=2 K=4 K=8 K=16|K=2 K=4 K=8 K=16| Avg.

Vanilla CLIP [32] 41.9 41.9 419 419 | 63.6 63.6 63.6 63.6 | 2.7 27 2.7 2.7 |36.1
ActionCLIP [39] 47.5 57.9 57.3 59.1 | 70.6 71.5 73.0 91.4 | 41 58 84 11.1 | 465

A5 [14] 39.7 50.7 56.0 624 | 714 799 857 899 | 44 51 6.1 9.7 | 46.8
X-CLIP [29] 53.0 57.3 628 64.0 | 76.4 834 883 914 | 3.9 45 6.8 10.0 | 50.2
ViFi-CLIP [34] 57.2 62.7 64.5 66.8 | 80.7 8.1 90.0 92.7 | 6.2 74 85 124 |52.9

TC-CLIP (Ours) 57.3 62.3 67.3 68.6 |85.9 89.9 92.5 94.6 | 7.3 8.6 9.3 14.0 54.8

Using LLM-based text augmentation
OST [4] 59.1 629 649 682 |825 875 91.7 939 | 7.0 7.7 89 122 ‘53.9

TC-CLIP (Ours) 58.6 63.3 65.5 68.8 |86.8 90.1 92.0 94.3 | 7.3 8.6 .3 14.0 54.9

Table 4: Comparison with state-of-the-arts on base-to-novel generalization.
All the models are directly fine-tuned from CLIP. } results are taken from [10].

K-400 HMDB-51 UCF-101 SSv2 All (Avg.)
Method Base Novel HM ‘Base Novel HM ‘Base Novel HM ‘Base Novel HM ‘Base Novel HM

Vanilla CLIP [32] 62.3 53.4 57.5|53.3 46.8 49.8|78.5 63.6 70.3|4.9 5.3 5.1 [49.8 42.3 45.7
ActionCLIP [39] 61.0 46.2 52.6(69.1 37.3 48.5]90.1 58.1 70.7|13.3 10.1 11.5|58.5 37.9 46.0

A5 [14] 69.7 37.6 48.8|46.2 16.0 23.8/90.5 40.4 55.8| 83 53 6.4 |53.7 24.8 33.9
X-CLIP [29] 74.1 56.4 64.0(69.4 45.5 55.0|89.9 589 71.2|85 6.6 7.4 |60.5 41.9 49.5
ViFi-CLIP [34] 76.4 61.1 67.9|73.8 53.3 61.9|92.9 67.7 78.3]16.2 12.1 13.9|64.8 48.6 55.5

Open-VCLIP [42]f 76.5 62.6 68.9(70.3 50.4 58.9|94.8 77.5 85.3|16.0 11.0 13.0|64.4 50.4 56.5
TC-CLIP (Ours) 78.9 63.6 70.4|73.3 54.1 62.2/95.5 78.0 85.9|17.5 13.4 15.2|66.3 52.3 58.5

Using LLM-based text augmentation
FROSTER [10] 77.8 64.3 70.4|74.1 58.0 65.1/95.3 80.0 87.0(18.3 12.2 14.6(66.4 53.6 59.3

TC-CLIP (Ours) 79.1 65.4 71.6|73.3 59.1 65.5/95.4 81.6 88.0|17.5 13.4 15.2|66.3 54.9 60.1

10,24, 42], we employ weight-space ensembling (WE) for all applicable models
except those freezing a backbone during fine-tuning. Specifically, the weights of
both vision and text encoders are linearly interpolated between CLIP and the
fine-tuned model as 6, = (1 — w) - OcLip + W - Ofne-tuned- TC-CLIP consistently
outperforms others across all datasets, showing its superior generalization ability.

Few-shot action recognition. We verify the learning capacity of our method
under a challenging few-shot scenario. In Table 3, models are directly fine-tuned
from CLIP on each dataset using K-shot samples, where K is 2, 4, 8, and 16.
TC-CLIP achieves the best performance with large margins from ViFi-CLIP [34].

Base-to-novel generalization. Similarly, models are directly fine-tuned from
CLIP using the base classes of each dataset and evaluated for both base and
novel classes. Table 4 reports top-1 accuracies on the base and novel classes with
their harmonic mean (HM). TC-CLIP performs the best on the novel classes and
HM across all datasets, especially showing solid results on the SSv2 dataset.

Fully-supervised action recognition. Table 5 shows performance comparison
results under the fully-supervised setting, where the models are trained and



TC-CLIP 11

Table 5: Fully-supervised ac- Table 6: Computational costs with the average
tion recognition results on top-1 accuracies of all protocols. The Throughput
Kinetics-400. Views means (tem- per view (TP) is measured on a single A6000 GPU.
poral clips) x (spatial crops), and § denotes that TC is partly applied to the 4™, 8

F denotes number of frames. and 12" layers of the vision encoder.

Method Top-1 Top-5 F Views Method Zero Few B2N Full Params GFLOPs TP
ActionCLIP [39] 83.8 96.2 32 10x3  ActionCLIP [39] 64.5 46.5 46.0 83.8 143.7M 567 20
X-CLIP [29] 84.7 96.8 16 4x3 X-CLIP [29] 60.6 50.2 49.5 84.7 169.7TM 288 36
Vita-CLIP [41] 829 96.3 16 4x3 Vita-CLIP [41] 63.7 - - 829 161.8M 307 30
ViFi-CLIP [34] 839 963 16 4x3 ViFi-CLIP [34] 69.0 52.9 55.5 83.9 124.3M 285 38
OST [4] 83.2 16 1x1  Open-VCLIP [42] 70.1 - 565 - 124.3M 308 29

TC-CLIP (Ours) 85.2 96.9 16 4x3  TC-CLIP (Ours) 71.054.8 58.5 85.2 127.5M 304 24
TC-CLIP (Ours)® 70.7 54.4 58.6 84.9 127.5M 291 34

Table 7: Component-wise ablations on the zero-shot setting. A denotes the
average top-1 accuracy gain over baseline.

Without weight-space ensembling With weight-space ensembling
Case HMDB-51 UCF-101 K-600 All (4) ‘HMDB—Sl UCF-101 K-600 All (4)
Baseline 52.3+0.2 789+1.1 70.7£0.8 67.3 ‘ 52.2+0.7 81.0+£0.9 73.94+0.5 69.0
(a) +TC 53.6+0.2 78.6+1.0 71.8+0.7 68.0(+0.7)| 54.3£0.6 81.9+1.0 75.5+1.0 70.6(+1.6)
(b) +VP 53.2+0.8 80.5+0.7 71.6+0.9 68.4(+1.1)|53.4+0.8 82.0+£0.9 74.7+0.7 70.0(+1.0)

1.
(¢c) +TC+VP 53.7+£0.7 80.4+0.9 72.7+£0.5 68.9(+1.6)| 54.2+1.1 82.9£0.9 75.84+0.4 71.0(+2.0)

evaluated both on the K-400 dataset. TC-CLIP achieves top-1 accuracy of 85.2%
in the validation split, improving 1.3%p over our baseline ViFi-CLIP [34].

Computational cost. Table 6 compares the computational cost with the aver-
age accuracy of all tasks. We introduce a lightweight implementation of TC-CLIP
(denoted by §), where TC is only applied to the 4", 8" and 12" layers of the
vision encoder. Despite its reasonable cost, it performs best across all proto-
cols by significant margins. In particular, compared to Open-VCLIP [42], this
lightweight version improves accuracy by 0.6%p and 2.1%p in the zero-shot and
base-to-novel tasks, respectively, while maintaining 17.2% higher throughput.

3.2 Analysis and Discussion

This section examines the design choices and impact of each component in
our model: Temporal Contextualization (TC) and Video-conditional Prompting
(VP). We mainly adopt the zero- and few-shot settings and report the average
of top-1 accuracy with K = 2,4,8,16 for the K-shot setup. In addition to the
analyses discussed in this subsection, we present more analyses and qualitative
results in the supplementary document.

Component-wise ablation. Table 7 shows the impact of TC and VP on our
baseline in the zero-shot setting. Integrating TC gives an average gain of 0.7%p
over the baseline and the gap increases to 1.6%p after adopting WE; WE is
more favorable to our approach than the baseline. Adopting VP also leads to
a substantial gain of 1.1%p, highlighting its own contribution. When both VP
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Table 8: Effect of TC with various token aggregation strategies. TC con-
sistently outperforms the frame-wise attention baseline across several different token
selection and merging methods. K-shot action recognition results are reported with
the top-1 accuracy averaged over K = 2,4, 8,16. Default settings are marked in gray .

(a) Seed token selection strategy. (b) Context token summarization strategy.
Case HMDB UCF SSv2 All (4) Case HMDB UCF SSv2 All (4)
Baseline 62.6 89.2 8.7 53.5 Baseline 62.6 89.2 8.7 53.5
No selection 62.8 89.8 9.7 54.1 (+0.6) No merge 57.2 85.6 7.7 50.2(—3.3)
Head-wise key norm  62.3 89.8 9.8 54.0 (1 0.5) Landom merge 588 871 75 51.2(-23)
Averaged key norm  62.5 89.4 9.3 53.7 (+0.2) K-means [25] 62.1 89.7 9.0 53.6 (+0.1)
Head-wise CLS attn. 63.4 89.9 9.7 54.3 (+0.8) DPC-KNN [13] 63.3 90.2 9.8 54.4(10.9)
Averaged CLS attn. 63.4 90.2 9.9 54.5(1.0) Bipartite soft matching [1,15] 63.4 90.2 9.9 54.5(+1.0)
Patch saliency [5] 62.9 90.3 9.6 54.2 (+0.7) Bipartite w/ attention weights ~ 62.9 89.8 9.9 54.2 (-+-0.7)
ATS [8] 63.5 90.3 9.8 54.5(+1.0) Bipartite w/ saliency weights [5] 62.4 89.9 9.6 54.0 (+0.5)

Table 9: TC design ablation. We report K-shot training results where the top-1
accuracy in each dataset is averaged over K = 2,4,8,16. Bias is defined in Eq. (8).

(a) Positional embedding design. (b) Seed token ratio a. (c) Context token k.
Case HMDB UCF SSv2 All o HMDB UCF SSv2 All k HMDB UCF SSv2 All
Spatial embedding 62.9 90.0 9.8 54.2 0.2 62.6 90.1 9.8 54.2 16 63.1 89.3 9.1 538

Joint space-time embedding 63.2 90.2 9.8 54.4 0.3 63.4 90.2 9.9 54.5 32 63.6 899 94 54.3
Spatial embedding + Bias 63.4 90.2 9.9 54.5 0.4 63.2 90.4 9.8 54.5 64 63.7 90.1 9.7 54.5
Joint embedding + Bias 629 90.2 9.8 54.3 0.5 63.3 90.3 9.8 54.5 96 63.4 90.2 9.9 54.5
0.6 63.1 90.2 9.8 544 128 62.8 90.1 9.9 54.3

and TC are applied to the baseline, an average improvement goes up to 1.6%p,
which finally leads to 2.0%p gain after applying WE.

Token aggregation strategies. In Table 8, we verify the effectiveness of TC
across diverse token aggregation methods. Experiments are conducted on the
few-shot setting using the baseline model with TC. (a) While TC still works
well without token selection, we observe that collecting informative seed tokens
based on token importance, such as attention or saliency scores, improves the
quality of encoded tokens by suppressing the background. (b) Directly using
the seed tokens without merging reduces performance due to the extrapolation
issue. The degradation with random merging also highlights the requirement of
token clustering based on relevance. Finally, consistent gains from various token
merging approaches verify the robustness of TC regardless of algorithms.

Positional embedding. Table 9(a) shows that using the proposed learnable
bias (Eq. (8)) with spatial positional embedding yields the best result. We con-
jecture that the bias effectively consolidates the local frame-level information
and global video-level information in a layer-wise and head-wise manner.

Number of seed and context tokens. While T'C is not sensitive to the choice
of «, as shown in Table 9(b), we picked o = 0.3 as our default value, i.e., using
30% of total tokens as seed tokens. In Table 9(c), the context token number & is
chosen to set a modest amount of merging degree.
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Table 10: Text prompting design ablation on the zero-shot setting. All the
models are evaluated without the weight ensemble.

Case Use context tokens? HMDB-51 UCF-101 K-600 All (A)
Baseline 523 £0.2 789 £11 70.7+£08 67.3

(a) Learnable prompt vectors 524 +£04 784+ 1.3 70.6+0.7 67.1(-0.2)
(b) Video-conditional prompting 532+ 0.8 80.4+0.7 71.6 £0.9 684 (+1.1)
(c) Video-conditional prompting v 53.7+£ 0.7 80.4+0.9 727+0.5 689 (+1.6)
(d) Vision-text late-fusion v 53.7+£0.7 79.0+£ 0.7 709 £0.6 67.9 (+-0.6)

eSeide Ee ol

Class: “Moving something and something away from each othef (SSv2)

—Er -

i

Seed Tokens iFi-CLIP: “Moving something and something so they collide with each other”
" = . \ | B8
Context Tokens TC-CLIP: “Moving something and something away from each other”

Fig.6: Context token visualization. Fig.7: Attention visualization. While
TC-CLIP selects the informative seed to- ViFi-CLIP fails to attend to the hands
kens and summarizes them into context moving away and misinterprets the action
tokens across frames. The disc (red) is as colliding, TC-CLIP correctly predicts
merged into one token over the video. by exploiting temporal consistency.

Text prompting design. In Table 10, we observe that (a) a naive integration of
learnable prompt vectors without video instance conditioning is not particularly
helpful for the zero-shot transferability, rather decreasing the average accuracy.
In contrast, (b) employing VP design with [CLS] tokens consistently improves
the accuracy across all datasets, and (c¢) using context tokens further enhances
the performance, resulting in a 1.6%p gain. We also compare VP with (d) vision-
text late-fusion design, i.e., the cross-attention of context tokens and the final
representation of the text embedding. This design performs worse in UCF-101
and K-600 datasets than our VP, verifying the effectiveness of our design choice.

Context token visualization. Fig. 6 visualizes the seed tokens and context
tokens from the last layer of the vision encoder in TC-CLIP. In this video, the
informative regions regarding the action of disc golfing in each frame, including
the person and the disc, are selected as seed tokens. To visualize each context
token, we colorize its corresponding source token positions using the average
color of the input video patches of that region. Note that a single context token
(highlighted in red) successfully tracks the disc across multiple frames.

Attention visualization. Fig. 7 visualizes the attention map of ViFi-CLIP [34]
and TC-CLIP on the SSv2 dataset. In this video, where two hands grab objects
and then move away, ViFi-CLIP [34] fails to attend to the hands from the middle
of the sequence and misinterprets the action as colliding with each other. In
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contrast, TC-CLIP considers the temporal context across the sequence by its
design, and thus consistently attends to the hands throughout the entire video
and correctly predicts the action as moving away from each other.

4 Related Work

Token aggregation. Recent studies on token aggregation aim to reduce the
number of tokens given to image Transformers [1,8, 19,20, 23, 26, 28, 30, 33, 46,
47,49] and video Transformers [5, 6,22, 35, 36, 38] for efficient inference. While
some of these approaches train additional networks for token selection [20,33,38]
or fusion [30,36], we focus on parameter-free approaches, categorized into token
pruning and merging. Pruning-based methods [8,23,46,47] eliminate uninforma-
tive tokens by measuring their importance using a metric such as a self-attention
score, whereas merging-based methods combine tokens with large semantic sim-
ilarity into single units using clustering algorithms such as k-means [28], DPC-
KNN [49], and bipartite soft matching [1,22,35]. To minimize information loss,
several studies [5,06,26] consider both token importance and similarities as aggre-
gation criteria. While our primary goal is not to improve efficiency, we employ
both pruning and merging techniques to connect relevant tokens and summa-
rize essential contexts within videos. Although there are semantic segmentation
studies [27,44,45] that link relevant spatial data, they rely on learnable cluster
centers with slot- or cross-attention blocks, and thus differ from our approach.

Prompt learning. Several studies on prompt learning [12,14,17,34,41,50,51]
transfer VLMs to downstream tasks by optimizing a discrete set of prompt
vectors. In video recognition, [14] has introduced text prompt tuning, while
ViFi-CLIP [34] and Vita-CLIP [41] perform prompting in both vision and text
branches. However, these prompt vectors are separately optimized and not shared
across the modalities. In image recognition, Co-CoOp [50] performs an instance-
conditional prompt tuning by explicitly conditioning text prompts on the [CLS]
tokens from image instances. MaPLe [17] learns multi-modal prompting by shar-
ing layerwise context prompts for both branches. Unlikely, we generate video-
conditional prompts by utilizing contextualized tokens as vision inputs and in-
jecting summarized video information into text prompt vectors.

5 Conclusion

We have introduced TC-CLIP, a novel video understanding paradigm that lever-
ages holistic video information within the encoding process. Unlike prior ap-
proaches that access only a limited range of tokens, the proposed temporal con-
textualization summarizes informative tokens from the entire video and utilizes
them for attention operations. While these tokens are employed to infuse tempo-
ral information on the vision side, they also serve as a source for video-conditional
text prompts, thus enhancing the instance-wise context on the text side. Exten-
sive experiments and analyses on diverse benchmarks and evaluation protocols
demonstrate the superiority of TC-CLIP and justify its design choices.
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