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Abstract

The recent advance in vision-language models is largely
attributed to the abundance of image-text data. We aim
to replicate this success for video-language models, but
there simply is not enough human-curated video-text data
available. We thus resort to fine-tuning a video-language
model from a strong image-language baseline with syn-
thesized instructional data. The resulting video model by
video-instruction-tuning (VIIT) is then used to auto-label
millions of videos to generate high-quality captions. We
show the adapted video-language model performs well on a
wide range of video-language benchmarks. For instance, it
surpasses the best prior result on open-ended NExT-QA by
2.8%. Besides, our model generates detailed descriptions
for previously unseen videos, which provide better textual
supervision than existing methods. Experiments show that
a video-language dual-encoder model contrastively trained
on these auto-generated captions is 3.8% better than the
strongest baseline that also leverages vision-language mod-
els. Our best model outperforms state-of-the-art methods
on MSR-VTT zero-shot text-to-video retrieval by 6%. As a
side product, we generate the largest video capation dataset
to date.

1. Introduction

Much progress in image understanding [15, 45, 59, 75, 81]
is fueled by large-scale high-quality image-text datasets [9,
27, 48, 51]. Despite the wide availability on the Inter-
net, annotating videos is nontrivial. For images, humans
construct most annotations within 15~90 seconds per in-
stance [27, 35]. For videos, the annotation time is 1~2
orders of magnitude higher: it takes about 70 hours to
transcribe narratives for a 1-hour video [21, 68] and 700
hours to provide a 1-hour video with instance-level annota-
tions [12]. There have been attempts to automate such a pro-
cess by retrieving alt-text [2, 42] or transcribing text from
audio [40, 76]. However, alt-text can be irrelevant to the
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Instruction: Describe the video in detail:
Our model:

Output: A man is standing on a beach. He's wearing a
black shirt and black pants. He is doing a basic Tai
Chi Chuan exercise. He is and he
is while talking and

Instruction: Caption the video in a short sentence:

Output: A man is doing Tai Chi Chuan exercise.

Instruction: Give a short answer: what does the man do
after El

Output:

Figure 1. Our video-language model takes a video along with any
form of instruction as input and generates text according to the in-
struction. It generates textual descriptions with multiple granular-
ities, including static appearance, general action, and

. In contrast, raw alt-text can be erroneous; im-
age captioners fail to capture the action; video captioners prefer
outputting short text. Our generated data trains a significantly bet-
ter video-language dual-encoder model. Best viewed in color.

video content; audio transcription is often misaligned with
the visual information [22]. Recent work [63] leverages ex-
isting image-based vision-language models (VLMs). How-
ever, the resulting captions are often biased towards static
scenes and lose videos’ rich temporal information.

In this paper, we propose a simple yet effective approach
to adapt an image-based VLM to video and then create
high-quality pseudo-captions on millions of videos. As a
VLM is generally composed of a visual encoder and a lan-
guage model, we propose to adapt each component sepa-
rately to better leverage the relatively small video-text cor-
pora. We first fine-tune the visual encoder on video cap-
tioning data while keeping the language component frozen.
This adapts the model to dynamic scenes while retain-
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ing the diverse ability of the original language decoder.
We then fine-tune the language model on a small amount
of instruction-following data and keep the visual encoder
frozen. This is to emphasize the temporal and causal rea-
soning ability beyond scene-level description. The resulting
video-language model sees both dynamic input and motion-
focused output and is capable of generating high-quality
pseudo-captions for million-scale web-scraped videos.

Pseudo-captioning by the adapted VLM have the follow-
ing advantages. First, the captions are generally relevant to
visual content because of the maximum likelihood objec-
tive during video-captioning training. Second, our pseudo-
captions preserve temporal information in videos better
than frame-wise captions for videos [38, 63]. Third, the
instruction-tuned video-language model generates textual
descriptions with multiple granularities, including static ap-
pearance, general actions, and detailed body movements.
Finally, compared to human labeling, pseudo-captioning is
more scalable. For each video, the underlying language
model can output multiple candidate captions in parallel in a
single pass, and the annotation cost can be further improved
given advances in efficient inference techniques [31].

We evaluate the resultant VLM on a wide range of video-
language benchmarks, covering video question answering
(QA) and captioning, and observe state-of-the-art zero-
shot performance on all. For instance, it attains a 29.5%
WUPS score on open-ended NExT-QA, 2.8% better than
Flamingo-80B while using only 1—16 X parameters. We fur-
ther use this adapted VLM to generate video descriptions on
million-scale web-scraped videos. Qualitatively, the gener-
ated descriptions are more specific and detailed than alt-text
or image captions. To evaluate the pseudo-captions quan-
titatively, we train a CLIP-style [48] video-language dual-
encoder model using the generated descriptions. We ob-
serve a striking scaling effect on the performance with re-
spect to the size of pseudo-captioned video data, which does
not hold for alt-text alternatives. Our model also works bet-
ter than the one trained on frame-wise captions followed
by LLM summarization. Notably, the dual-encoder model
trained on 17 million web-scraped video clips with our
machine-generated descriptions achieves the state-of-the-
art performance on popular video-text retrieval and video
recognition benchmarks. For instance, the model scores
48.4% Recall@1 on MSR-VTT, 6% higher than the best
previously reported number.

2. Related Work

Synthetic data from simulators are useful to create new
datasets or augment existing ones [ 13] for vision tasks such
as optical flow [14], semantic segmentation [50], and 3D
vision [7]. LLM-generated text becomes a great source
for language understanding [39]. For example, Vicuna [11]
fine-tunes LLaMA [56] on user-shared conversations from

ShareGPT. In the context of vision-language understanding,
generating high-quality synthetic captions for vision data
by leveraging LL.Ms has been shown effective in improving
multimodal datasets for VLMs [43]. VideoChatGPT [38]
uses both human-assisted and semiautomatic annotation
methods with BLIP-2 [32] and GPT-3.5 to generate high-
quality video instruction data. InternVid [63] introduces a
scalable approach to automatically construct a high-quality
video-text dataset with BLIP-2 and Vicuna. LLaVA [36]
incorporates instruction tuning to VLMs, which demon-
strates impressive multi-modal chat abilities. However,
these methods either focus on image inputs or rely on im-
age models to produce video captions, which fail to capture
correct temporal information in videos.

Vision-language models. Utilizing image-text data for pre-
training has become the default approach to tackle vision-
language tasks. Recently, VLMs based on image-text con-
trastive learning (e.g., CLIP [48] and ALIGN [26]) attain
strong results on zero-shot retrieval and classification tasks.
Follow-up studies propose to add more pre-training objec-
tives, such as captioning loss (e.g., CoCa [73]), to enable
VLMs to handle different downstream tasks (e.g., image
captioning and visual QA). Parallel methods explore lever-
aging off-the-shelf pre-trained models and keep them frozen
during training. They partially freeze either vision or lan-
guage models (e.g., PaLI [8—10] and LiT [78]) or insert new
layers between them (e.g., Flamingo [1] and BLIP-2 [32])
so that the knowledge from frozen models can be trans-
ferred to vision and language tasks. Our work builds upon
them and tackles video inputs, a more challenging modality
involving temporal and causal reasoning of motion.

Video-language models can be adapted from image-
language models given that image-based foundation models
are pre-trained on web-scale image data. VideoCLIP [67]
leverages a pre-trained CLIP model [48] as a frame-level
feature extractor and fine-tunes video and text transformers
on video datasets. VideoCoCa [69] builds on CoCa [73] and
fine-tunes some temporal pooler layers to reason over time.
Another line of research focuses on parameter efficient tun-
ing, which is first shown effective on language model-
ing [30]. AIM [71] adapts pre-trained image models for ef-
ficient video understanding by freezing pre-trained weights
and tuning a few lightweight adapters. Furthermore, to
solve more complex video-language tasks like captioning
and QA, researchers leverage the powerful LLMs as a uni-
versal interface and adapt LLMs to consume visual tokens.
FrozenBiLM [70] leverages a frozen bi-directional lan-
guage model for video QA. VideoChat [33] and VideoChat-
GPT [38] propose a chatbot-like interface to analyze video
input. However, VideoChat only shows qualitative analy-
sis while VideoChatGPT relies on a GPT-4 for quantitative
evaluation, leading to inconsistency over time. LaViLa [80]
develops a video-language model that densely narrates for
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a video. However, training the narrator assumes videos to
be partially annotated. Our work takes a further step and
shows that the adapted video-language model generalizes
to million-scale unseen videos.

3. Preliminaries and Notations

We first describe preliminaries and, meanwhile, introduce
some notations facilitating the presentation of our method.
Image-based VLMs take as input an image and a text se-
quence, which is often called a prompt [4] or an instruc-
tion [64], and outputs another text sequence that follows the
prompt. Specifically, let x € RH*Wx3 denote an input
image with height H and width W,y = (s1,---,sz,) €
{0,1}%*I8I the instruction, and z = (z1,---,21,) €
{0,1}F2*I5I the output text that are tokenized [29] into se-
quences of discrete symbols. Here S denotes the vocabulary
set, and L; and L, are the sequence lengths of the instruc-
tion and output, respectively.

A typical VLM has a visual encoder Fy, and a lan-
guage model F. The visual encoder maps x to N vi-
sual tokens X' = Fy(x) € RVXY. Tt is often instanti-
ated by a pre-trained Convolutional Network [23] or Vi-
sion Transformer [15] plus an optional projection module
in the form of Q-Former [32], Resampler [1], or attentional
pooler [73]. The language model projects an input instruc-
tion y to text tokens y’ € RL*¢  concatenates them with
the visual tokens, and emits a text sequence recursively
Z = FL(X/,y/,Z<5), where z<y = [Zp, - , Z1—1] with Zg
being a special start-of-sentence token <s>. I, can be ei-
ther an encoder-decoder-style model [49, 55], or a decoder-
only model [4]. In this paper, we train the VLM using a
captioning loss, i.e., the sum of the negative log-likelihood
of the correct word at each step:

L
Ez—Zp(z@\x/,y/,zd). (1)
=1

The key to the recent success of VLMs is the abundance of
paired image-text datasets {(x,c)}. By setting y = & or a
fixed task prompt for captioning and z = c, we can easily
scale up VLMs by training on billion-scale datasets [9, 51].
Visual instruction tuning intends to enable VLMs to tackle
tasks beyond image captioning [36]. In this case, (y,z)
can be a question-answer pair as in visual QA [20], or
more generally, any free-form instruction-answer pair. The
paired instruction-answer data are typically transformed
from a plain caption via few-shot prompting by a language
model [4, 62], i.e. (y,z) = LLM(c).
Video-text datasets. One of the main challenges in training
video-language models is the lack of video-text data. The
largest public video dataset with human-labeled textual de-
scriptions is Spoken Moments in Time (S-MiT) [41], which
has ~500K videos. Although the covered topics are diverse,
the video durations are short (2~3 seconds), and the cap-
tions are brief. The textual descriptions are transcribed from

audio recordings with inevitable transcription errors. The
Video Localized Narratives (VidLN) [57] dataset captures
more complex events for longer videos (10~30 seconds),
but it is 10x smaller in the number of videos due to anno-
tation cost. Both lag in scale far behind existing image-text
datasets, e.g. WebLI-10B and LAION-5B. In the following
section, we present an approach to leveraging these existing
video-text datasets to efficiently adapt a pre-trained VLM
from images to videos so that we can obtain high-quality
pseudo-captions for millions of in-the-wild videos. Experi-
ments show our method yields competitive annotation qual-
ity and is more scalable than human annotation for videos.

4. Method: Adapting VLMs to Videos

We adapt an image-language model to the video domain
in two stages. In the first stage, we adapt the visual en-
coder while freezing the language component, allowing us
to leverage relatively large video-text datasets whose text is
unfortunately short and low-quality. In the second stage, we
finetune the language encoder and freeze the other model
components using a smaller video-text dataset whose text
describes the video in detail and provides diversity. We
empirically justify the advantage of this two-stage design,
which is necessary given the video-text data’s quality and
size falling behind its image-text counterpart.

4.1. Model

Our video-language model takes a sequence of frames as vi-
sual input. Let {x1,- - ,x7} denote the input video, where
T is the number of frames. We pass each frame x; into
the visual encoder Fy, and concatenate all output visual to-
kens, namely x’ = [Fy/(x1),- -+, Fy (x7)] € RTVN*C By
doing so, we maintain the visual modeling capacity from
the image-based models [8] and keep both computation and
memory cost tractable (O(T'N?) rather than O(T%N?)).
The language model then collects the visual tokens plus in-
put instruction tokens and emits a text sequence.

Model architecture. We start with PalLI-3 [8], a state-of-
the-art VLM trained on WebLlI [9] which has image-text
data only. The visual encoder is a ViT-G/14 [77] with
2B parameters. The language model follows an encoder-
decoder architecture based on UL-2 [55] with 3B parame-
ters. We feed the adapted model with 8 frames at 2 FPS and
resize the input resolution to 224 x 224.

4.2. Two-Stage Adaptation

Due to the scarcity of paired video-text data, we propose to
fine-tune the video-language model from the image-based
baseline in two stages: (1) visual adaptation, where we
freeze the language component while fine-tuning the visual
part with a relatively large video dataset with short captions;
and (2) language adaptation, where we instruction-tune the
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A man is standing on a
beach and doing a basic
Tai Chi Chuan.

!

A man in black suite on
the beach.

A: A man moves his hand
and his body after
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!

*
Language Model Visual Language Model Language Language Model
Adaptation Adaptation
— —

Image
Encoder

# Video
Encoder

Video
Encoder

Generate the
alt-text:

Generate the
alt-text:

Q: What does the %
man do after
lifting one leg? |

Figure 2. Overview of adapting vision-language models to videos. In the first stage of visual adaptation on sequences of video frames,
we fine-tune the vision encoder while freezing the language model using a video dataset with captions. In the second stage of language
adaptation, we freeze the vision encoder while fine-tuning the language model using a video dataset with instruction-following data, e.g. a

question that requires temporal reasoning to answer in this example.

language component while freezing the visual part with a
smaller video dataset with detailed captions.
Visual adaptation. In the stage of visual adaptation, we
fine-tune Fy, while keeping F, frozen using a large video
dataset with short captions {(x,c)}. We optimize Eq. (1)
by setting y to be a fixed task prompt for captioning
(“Generate the alt-text:”) and z to be the cap-
tion. On one hand, finetuning Fy, enables the visual encoder
to focus more on scene dynamics rather than appearance.
On the other, freezing F, prevents the language model from
possible collapse due to simple text and repetitive patterns.
Language adaptation. In this stage, we fine-tune F, while
keeping Fy frozen using videos with instruction-following
data generated as follows. Given a video x and its caption
c, we first prompt an LLM to generate a question y and the
corresponding answer z which is inferred from the original
caption. We optimize Eq. (1) with the (x,y, z) triplets.
The video-language model’s temporal reasoning abil-
ity is highly dependent on the instruction-following data
it trains on. To this end, we design prompts to encourage
LLMs to generate causal and temporal questions inspired
by how the NExT-QA dataset [65] is constructed. Causal
questions either explain the intention of an action that hap-
pens first or the cause of an action that occurs next. It typ-
ically follows the form of “Why did somebody do some-
thing?” or “How did something happen?”. Temporal ques-
tions ask about the temporal ordering of multiple actions.
The temporally ordered actions can either happen on a sin-
gle object or occur between multiple persons or objects. We
provide an example for illustration in Figure 3 and more de-
tails in the supplementary materials.
Inference. At inference time, we query the video-language
model by feeding sampled video frames for x, the regu-
lar task prompt for captioning for y, and a special start-
of-sentence token <s> for z = [zg]. We sample from the
distribution recursively, i.e. Z; ~ p(z|X,y,Z<¢) until an

end-of-sentence token </s> is reached. We use nucleus
sampling [24], where we only sample from a subset of to-
kens that contain the vast majority of the probability mass
at each step, multiple times. We provide an example of cap-
tions before and after video-specific adaptation in Figure 4.
Readers can find more results in the supplementary materi-
als in §8. We observe on average 20% longer length in the
output sequence after the language adaptation while using
the same task prompt for captioning. We attribute it to the
effectiveness of instruction tuning.

S. Experiments

First, we summarize the datasets that we use in §5.1. Next,
we describe how we harness and evaluate the distilled
pseudo-captions in §5.2. We show the main results, i.e. (1)
the scaling effect of our data generation pipeline, (2) the
quality of pseudo-captions by pre-training a dual-encoder
model, and (3) the performance of the adapted video-
language model on video-language tasks in §5.3. Finally,
we discuss the effect of different components in §5.4.

5.1. Datasets

Table |1 summarizes the video datasets used in this paper,
and more details are in §9 in the supplementary material.
We categorize the datasets into four parts and describe the
adaptation data and distilled data first.

Adaptation data. We use two datasets to adapt a vision-
language model from images to videos: (1) Spoken Mo-
ments in Times (S-MiT) [41] contains 500K videos with
spoken captions. The videos are typically short (2~3 sec-
onds) and the transcribed captions are brief (18 words on
average per video). It has 481K/8K/3K videos for train-
ing/validation/testing. We use the training split to conduct
visual adaptation of the video-language model and eval-
uate the video captioning result by CIDEr score on the
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Captions:

to a string hanging on the tree. He

<Man>A man wearing blue shorts is hanging while holding a wooden stick with his right hand tied

’

but he fails and falls into the river, and then he starts laughing. <Boat>A white boat is moving
in the river. <Background>In the background, there is the sound of laughing, green trees, a sky

with clouds, a white boat, a tree, and a river.

Question: Why did the guy fall off the tree swing?

Causal Reasoning: Answer: The guy

grab onto the tree tightly enough. As a result,

, but it seems that he failed to
he fell off the tree swing.

Question: What does the man do after he fails to hold onto the tree and falls into the water?

Temporal Reasoning:

Answer: After the man falls into the water, he starts laughing.

Figure 3. An example of the instruction-following data. The first block shows the detailed captions used to prompt an LLM (PaLM 2 [19]
in our case), and the following two blocks show the LLM’s responses. We show the keyframes in the top block for illustration purpose and
do not use them while prompting the LLM. Different details in text are highlighted. Best viewed in color.

Raw alt-text:

a man is playing in a ball pit

a castle in a
backyard

a castle in a

Image Captioner:
9 P backyard

trees

Image Captioner . . .
+LLM summarization: & man is playing in a ball pit in a backyard
Our method

+ Visual adaptation:

Our method

+ V&L adaptation: and . he is

a ball pit in
front of

a child is
playing in a
ball pit in a
backyard

a man is
playing in a
ball pit in a
backyard

a man wearing
a cowboy hat
sits in a
ball pit

a man wearing a straw hat is playing in a colored ball pit outdoors

there's a little castle and a ball pit in a backyard with a roof on it. with a straw hat on, a young man

and he is

Figure 4. An example of video captions by PaLI-3 before and after video-specific adaptation. We show the keyframes on top for
illustration purposes and the generated captions in the following blocks. Different details in text are highlighted. Best viewed in color.

testing split following PaLl [8, 10]. (2) Video Localized
Narratives (VidLN) [57] annotates comprehensive events in
videos which involve multiple actors and possibly actor-
actor and actor-object interaction. The narratives are longer
(85 words on average) and are better suited to generate a
diverse instructing-following corpus. We use the training
split which has 47,776 videos from the union of OVIS [46],
Oops [17], UVO [58], and Kinetics [5] datasets, to generate
instruction-answer pairs for language adaptation.

Data with distilled pseudo-captions. We apply the re-
sultant video-language model to caption two largest-scale
webly-scraped video datasets: (1) VideoCC [42] contains
~10M video-caption pairs from 6M unique videos. The raw
alt-text is automatically retrieved from those in the Concep-
tual Captions image-captioning dataset (CC3M) [53] based
on image similarity. ~7.1M clips are available by the time

of our experiments. (2) InternVid [63] has ~234M clips
from 7M videos. The original captions are synthesized from
individual frames’ captions by an LLM. We use the pub-
licly available InternVid-10M-FLT subset which has 10M
clips with top-scoring video-text similarities. We denote
the datasets processed by our method to be VideoCC*
and InternVid*. We use both datasets to pre-train a dual-
encoder model to show the usefulness of the machine-
generated video captions, explained next.

5.2. Harnessing the Distilled Pseudo-Captions

We harness and evaluate the distilled pseudo-captions
for million-scale web-scraped videos, VideoCC™ and
InternVid ™, using a dual-encoder model [48]. The model’s
video understanding performance is a solid indicator of
the pseudo-captions’ quality, and we show that they are of
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Dataset Task | Size Metrics
S-MiT [41] ADP | 480K (train) -
VidLN [57] ADP | 47K (train) -
VideoCC [42] |CP |7M/10M -
InternVid [63] |CP | 10M -
MSR-VTT [68] | TVR | 1K (val, or 1k-A) Recall@k
VATEX [60] TVR | 1.5K (test as in [61]) | Recall@1
Kinetics-600 [6] | CLS | 28K (val) Accuracy
MSR-VTT [68] | CAP | 6.5K(train)+3Ktesty | CIDEr

MSR-VIT QA [66] | QA | 6.5K(train+3K(test) | Accuracy
ANet-Captions [28] | CAP | 31K(train)+14K(testy | CIDEr
S-MiT [41] CAP | 480K (train)+3Ktesty | CIDEr
ANet-QA [74] | QA | 32K(train)+8K(test) Accuracy

NEXT-OE-QA [65] | QA | 37K(train)+9K(test) ‘Wu-Palmer Similarity (WUPS)

Table 1. Dataset summary. ADP is short for adapting VLMs
while CP is for contrastive pre-training a dual-encoder model.
Evaluation tasks include text-to-video retrieval (TVR), action clas-
sification (CLS), video captioning (CAP), and video question an-
swering (QA).

higher quality than the original text in VideoCC and Intern-
Vid.

Contrastive training of a dual-encoder model. We
train a video-language dual-encoder model like CLIP [48].
Specifically, given the input video frames x and machine-
generated captions ¢, the model applies a visual encoder
Gy plus a projection head hy and a text encoder G plus
a projection head hr in parallel to obtain the global visual
and textual embedding, respectively,

u = hv(GYv(X))7 vV = hT(GT(é)). (2)

We use the InfoNCE [44] loss to train the model. Note that
we deliberately choose a different notation G .y than F{.)
in the VLM in §3 because the dual-encoder model does not
share any parameters with the VLM.

Model architecture. The dual-encoder model has a vi-
sion encoder and a text encoder. The video input is rep-
resented by 4 frames at 2 FPS. The vision encoder is a
Vision Transformer [15] with joint spatial-temporal atten-
tion (denoted as “ViT-st”) following [79]. We use ViT-
L/14 to report the main result and ViT-B/16 for ablation
studies if not otherwise specified. The weights are initial-
ized from CLIP [48] except that we randomly initialize the
temporal position embedding PE; € R7*P and add it to
the original spatial position embedding PE, € RV*P ..
PE[i, :,:] = PE¢[i,None, ;] + PE[None, :, :]. The text en-
coder is a 12-layer GPT-like Transformer [47]. It takes as
input one video caption, tokenizes it using BPE [52], and
keeps at most 77 tokens. If a video has more than one cap-
tion, we randomly sample one of them at each time.

5.3. Main Results

We report the dual-encoder model’s text-to-video retrieval
performance (on MSR-VTT and VATEX) and video clas-
sification accuracy (on Kinetics-600), both under the zero-
shot setting. These results are meant to evaluate the qual-
ity of the distilled video pseudo-caption data. Besides, we

®

= 40

)

H

Z 35 Alt-text [42]

7] Img. cap. + LLM
p= ‘ ‘ ‘ = Vid. cap. (Ours)

7 70 700 7,000

Number of used data in VideoCC (x 10%)
Figure 5. Scaling effect of video captioning. For VLM-generated
captions, the zero-shot video retrieval performance consistently
improves with respect to an increasing amount of video data. Pre-
training on retrieved alt-text quickly stagnates.

also evaluate the VLM adapted to the video domain on a
few representative video-language benchmarks following
PaLI-3 [8], including video captioning (MSR-VTT [68],
ActivityNet-Captions [28]) and video question-answering
(MSR-VTT QA [66], ActivityNet QA [74], and NExT
Open-Ended QA [65]). We enumerate the datasets involved
at the bottom of Table 1 and leave details in §9.

Distilled vs. alt-text captions at various scales. Figure 5
shows that the distilled pseudo-captions for VideoCC out-
perform VideoCC'’s original Alt-text captions, by a strik-
ing margin, when the dual-encoder models trained using
different subsets of VideoCC are evaluated on the MSR-
VTT retrieval task. We find that Recall@ 1 quickly saturates
when training the dual-encoder model on VideoCC with alt-
text. Specifically, training with only 1% VideoCC™ (~70K)
achieves the same level of Recall@1 with training with the
whole VideoCC set (~7M), indicating that the original alt-
text scales poorly. We attribute the alt-text’s inferior perfor-
mance to a compounding error of textual noise [26], spu-
rious correlation when computing visual similarities [72],
and the visual discrepancy between images and videos. In
contrast, training the dual-encoder model with the pseudo-
captions clearly exhibits a pleasant scaling effect: R@1
consistently increases with more pre-training video data.
We also include in Figure 5 the curve corresponding to the
pseudo-captions distilled from the image-language model
before it is adapted to the video domain. It almost overlaps
with the alt-text curve at the beginning and then becomes
slightly better near the end.

Distilled captions for video understanding. We con-
tinue to evaluate the distilled pseudo-captions by the cor-
responding dual-encoder model’s zero-shot performance on
text-to-video retrieval and video classification. From Ta-
ble 2, we see that the pseudo-captions distilled from our
VLM significantly improve the dual-encoder over the orig-
inal text in VideoCC and InternVid. On VideoCC, with
all other settings being the same, the dual-encoder model
trained on VideoCC™, achieves 48.2% Recall@1 on MSR-
VTT, 11.2% better than the one trained on the original Alt-
text. It also clearly surpasses the recent ViCLIP trained
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Method Pre-training Dataset MSR-VTT TVR VATEX TVR Kinetics-600
R@]1 R@5 R@I10|R@! R@5 R@I10 | Top-1 Top-5
CLIP [48] WIT 312 537 642 | 452 - - 551 792
CLIP4Clip [37] | WIT 306 544 643 - - - - -
CLIP4Clip [37] | WIT—VideoCC (10M) 337 579 679 - - - - -
InternVideo [61] | WIT—Mixed (12M) 40.0 653 741 | 495 79.7 87.0 -
ViCLIP [63] WIT—WebVid (10M) 35.6 - - - - - 587 81.0
ViCLIP [63] WIT—InternVid (10M) 424 - - - - - 622 849
WIT— VideoCC 370 621 725 | 377 669 772 | 48.6 748
WIT—VideoCC™ (Ours) 482 722 80.8 | 642 902 951 | 61.1 85.6
Absolute gain A +112  +10.1  +83 | 4265 +233 4179 | +125  +10.8
CLIP (ViT-st-L) | WIT—InternVid 425 67.0 768 | 587 870 93.0 | 60.7 850
WIT—InternVid* (Ours) 463 715 803 | 652 913 955 | 627 86.2
Absolute gain A +38  +45 +3.5 +6.5  +4.3 +2.5 +2.0 +1.2
WIT— VideoCC " +InternVid™ (Ours) | 48.4 735 819 [ 656 91.7 958 | 62.8 86.4

Table 2. Zero-shot text-to-video retrieval performance on MSR-VTT & VATEX and video recognition performance on Kinetics-
600 using different sources of textual descriptions. D' means that the captions in the video dataset D are generated by our proposed

pipeline. D € {VideoCC, InternVid} in our experiments.

Method Pre-training Dataset MSR-VIT ActivityNet NEXT-OE-QA
Caption QA (Acc.) Caption QA (Acc.) QA (WUPS)
Prior SOTA | - 18.6 1§.8 15.0 2?.9 2§.7
DeCap [34]  FrozenBiLM [70] | DeCap [34]  FrozenBiLM [70] Flamingo [1]
PalI-3gf [9] | WebLI 21.3 12.7 13.8 22.9 232
Ours WebLI—SMiT+VidLN 48.2 24.4 31.0 29.6 29.5

Table 3. Zero-shot performance of the Video-Language Model on video-language understanding tasks. Our adapted video-language

model significantly improves over the 8-frame Pal.I-3 baseline and outperforms the best reported numbers.

on InternVid, which contains 2x more unique videos than
VideoCC. On InternVid, our model trained on InternVid*
is 3.8% better than the baseline trained on the original In-
ternVid’s auto-generated captions. It is worth noting that
our adapted VLM is also “lighter-weight” compared to the
multi-scale captioning pipeline in InternVid [63], which re-
lies on both image captioning models (BLIP-2) [32] on mul-
tiple frames and an LLM to put them together. We also
highlight the zero-shot top-1 and top-5 classification accu-
racy on Kinetics-600. For instance, the dual-encoder model
trained on VideoCC™/InternVid* improves the baselines on
VideoCC/InternVid by 12.5/2.0% top-1 accuracy.

Interestingly, we notice that the model trained on
InternVid™ works better on action recognition, while the
one trained on VideoCC™ is better on video retrieval. This
is probably because the InternVid videos are specifically
collected based on action phrases [63], while VideoCC is
seeded from image-captioning data [42]. Since the two
datasets are complementary, combining them indeed leads
to performance gains as shown in the last row in Table 2.
Evaluating the video-language model. We compare the
adapted VLM with the baseline PaLLI-3 in Table 3. We fo-
cus on the zero-shot performance where we apply the model
to the testing split of downstream tasks without any tun-
ing. This setting resembles the scenario where we gener-
ate pseudo-captions on VideoCC and InternVid, and it pro-

vides us with a direct measure on well-established bench-
marks. Specifically, the greatly improved CIDEr score on
MSR-VTT and ActivityNet-Captions showcases the effec-
tiveness of adapting a VLM to the video domain. We also
see excellent zero-shot question-answering results com-
pared to PalLI-3. On the challenging open-ended NExT-
QA dataset, our model outperforms Flamingo [1] by 2.8%
(WUPS score). This gain is achieved using only % x of the
parameters (5B vs 80B) and 5—10 x of training videos (0.55M
publicly available S-MiT&VidLN vs 27M in-house VTP).
On MSR-VTT QA and ActivityNet QA, our adapted model
achieves 7.6% and 3.7% higher accuracy than Frozen-
BilLM [70], trained on WebVid-10M [2].

5.4. Ablation Studies

What makes captioning better? We investigate the key
to generating better captions for contrastive pre-training
video-language dual-encoder models in Table 4. The com-
parison starts from the alt-text-only baseline which achieves
37.0% text-to-video R@1 on MSR-VTT. Using frame-level
captions produced by PaLI-3 as-is increases R@1 by 2.5%.
We also attempt to merge multiple frames’ captions into a
single sentence with PaLM-2 [19] similar to the pipeline
in InternVid [63] but see marginal gain (0.3%). This re-
sult is consistent with our observation that LLMs often fail
to interpolate when key temporal information is lost in the
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Adapting VLM (§4.2)| Multi. ||[MSR-VTT
PaLL-3 LLM VisuI:ﬂ gLangua§ge Samples || Recall@1
37.0

v 39.5(+2.5)
v v 39.8(+2.8)
4 4 41.7(+4.7)
v v v 43.6(+6.6)
4 4 4 4 44.3(+7.3)

Table 4. The effect of using different sources of textual descrip-
tions. The captioning quality is measured by the zero-shot text-to-
video retrieval performance (Recall@1) on MSR-VTT. The first
line with no components checked refers to the alt-text baseline.
The “LLM”-column means that we use PalLM 2 [19] to summa-
rize captions from multiple frames similar to [63].

Visual Adaptation | S-MiT Caption
Fy | Self-training | Fr, (CIDEr)
X v 41.2
v X 423
4 v 40.3
4 v X 43.5

Table 5. Adapting vision encoder. v and X denote fine-tuning
and freezing the parameters respectively. Fine-tuning the visual
part while freezing the language model yields better results.

image-level descriptions. We also encounter a trade-off be-
tween being concise but lacking diversity and being de-
tailed but vulnerable to hallucination. If we conduct visual
adaptation in Pal.I-3, the resulting video captions almost
double the gain from 2.5% to 4.7%. Generating multiple
captions independently with nucleus sampling contributes
1.9%. Finally, doing language adaptation on PalI-3 with
instruction-following data further improves R@1 by 0.7%.
How should we do visual adaptation? We study several
ways for visual adaptation in Table 5. The first option, i.e.
freezing the visual encoder Fy, while fine-tuning the lan-
guage model Fp, takes inspiration from LiT [78]. This
leads to a drop of 1.1 CIDEr score compared to our de-
fault recipe, where Fy is fine-tuned and F, frozen. We
ascribe it to the visual discrepancy between images and
videos: The downstream tasks in [9, 78] are mostly still
images, the same as the large-scale pre-training data. In
contrast, the videos of our interests have unique character-
istics such as object movement, camera motion, and the re-
sultant visual degradation. We also observe a performance
drop if we fine-tune both Fy and F. This recipe may be
prone to over-fitting because the video-text dataset lacks
diversity and quantity. Finally, we show that self-training
with VideoCC pseudo-captions (details in §11.3) improves
captioning results by 1.2 CIDEr score, reaching 43.5. It
is worth noting that this number is on par with the best-
performing PalLI-X [10] which has 11x more parameters
and takes 2x more frames as input than ours.

How should we do language adaptation? We study the
effect of instruction-following data in Table 6 when do-

. MSR-VTT ActivityNet | NEXT-OE
Instruction data . .
Caption (CIDEr) | Caption (CIDEr) | QA (WUSP)
None (PaLI-3) 21.3 13.8 232
LLaVA 1.0 [36] 16.9 25.1 16.3
ActivityNet-Instruct [38] 30.8 34.6 11.7
Ours
+ VidLN Causal/temporal Reasoning 28.5 29.5 5.0
+ SMIT Captions 51.6 35.1 3.9
+ VidLN Short-QA 48.2 31.0 29.5

Table 6. Effect of instruction data. Our proposed instruction
data benefits the adaptation of the video-language model, reflected
by better zero-shot captioning results and QA accuracy.

ing language adaptation. We start with some representative
visual instructional tuning datasets. The first is LLaVA-
1.0 [36] with 150K instruction pairs. We find that it im-
proves the CIDEr score by 7.3 on ActivityNet Captions
but decreases by 4.4 on MSR-VTT Captions. The sec-
ond is ActivityNet-Instruct [38] with 100K instruction pairs
from ActivityNet-Captions [28]. It improves CIDEr score
on both MSR-VTT and ActivityNet Captions, indicating
that video-specific instructional-following data is essential
to video-language tasks. We then conduct an incremen-
tal study on our LLM-prompted instructional corpus on
VidLN+SMiT by adding one component at a time. First,
we fine-tune the language model with only reasoning data.
The adapted model works on par with the one fine-tuned on
ActivityNet-Instruct on ActivityNet-Captions even without
seeing ActivityNet videos, demonstrating the generalization
of our instructed data. Next, we include the captioning data
on S-MiT and see a higher CIDEr score on MSR-VTT and
ActivityNet Caption. However, both models suffer from
significant degradation in zero-shot QA accuracy. This is
expected since the answers in all existing video QA datasets
are typically short (1~3 words) while our instructional data
typically contains detailed reasoning (Figure 3). To mitigate
the gap, we further add QA pairs that are few-shot prompted
based on Oops-QA [57], and prepend the question with a
QA-specific task prompt (“Answer in en:”). The final
model restores its zero-shot question-answering ability at
the cost of a slight performance drop in captioning.

More ablations. We leave more ablations and discussions
in the supplementary materials.

6. Conclusion

We present an approach to adapting an image-based
vision-language model to videos and distilling high-quality
pseudo-captions for millions of videos. The adapted video-
language model obtains excellent zero-shot performance on
various video-language benchmarks. The pseudo-captions
yield a stronger dual-encoder model and show positive scal-
ing behavior with respect to the number of videos.
Acknowledgements. This material is based upon work in
part supported by the National Science Foundation under
Grant No. IIS-1845485.
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