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How do we get (true, human-like) meaning into machines?

Source: WikiCommons
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Additional assumptions: i.i.d. train/test data; MLE is good enough; etc.

(excuse notational shorthand)

Thinking about language learning..
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Facebook AI

True intent Text LabelModel

Distributional statistics

What we are doing..

This feels wrong! Can we do better?



This talk: Outline

● The Past. Multimodal Semantics & Language Games

● The Present: Multimodal Evaluation

● The Future? Multimodal Universal “Foundation” Models
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Grounding semantics in perceptual modalities



Grounding semantics in perceptual modalities



ConvNets for Visual Semantics

● Deep learning was becoming really cool.
● Bag-of-visual words was used for multi-modal semantics (Bruni et al)

● Leon Bottou, intern supervisor at MSR in 2014 - here’s some cool projects:
1. Try out LSTMs on NLP problems like language modelling
2. Build a Python framework for auto-differentiable neural networks
3. … and some other brilliant idea.

● Me, wanting to work on my own idea:
* Convolutional networks for multimodal semantics

(Later applied similar ideas to audio,
and similar features to other problems)



● Vision and audio are obvious targets with good data.
● What about chemical perceptual modalities?

Bag of chemical compounds models

Beer
Wine



Facebook AI

Language games

Surface form / Syntax
Proof theory
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Theory of mind

Language acquisition
Evolution Ludwig Wittgenstein: the meaning of a 

word is its use in the language



Wittgenstein on language games

(7) We can also think of the whole process of using words in (2) as one of those 
games by means of which children learn their native language. I will call these 
games "language-games" and will sometimes speak of a primitive language as a 
language-game. [...] I shall also call the whole, consisting of language and the 
actions into which it is woven, the "language-game".

(43) For a large class of cases—though not for all—in which we employ the word 
"meaning" it can be defined thus: the meaning of a word is its use in the 
language. And the meaning of a name is sometimes explained by pointing to 
its bearer.



Neural language games



Grounded language games
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Sentence-level Translation Games



Decoding Alien Language

Emergent Translation in Multi-Agent Communication (ICLR18)



Multilingual Communities

Emergent Translation in Multi-Agent Communication (ICLR18)



Countering Drift via Grounding

So we can learn “emergent translation”, but we will end up with drift under external 
reward, even from pretrained models. How do we constrain the channel?

Countering Language Drift via Visual Grounding (EMNLP19)



Visual Sentence Representations

Learning Visually Grounded Sentence Representations (NAACL18)



Grounded Multi-Agent Communication Preserves Meaning

Countering Language Drift via Visual Grounding (EMNLP19)



Outline

● The Past. Multimodal Semantics & Language Games

● The Present: Multimodal Evaluation

● The Future? Multimodal Universal “Foundation” Models



Measuring progress



AI evaluation is fine.



Multimodal evaluation: What do we want?

● Ideally, evaluation sets are:
○ High-quality and without error
○ Not too expensive
○ Not too easy
○ Discriminative between models
○ Realistic and representative of practical use-cases
○ Straightforwardly measured

● Multimodal evaluation sets, in addition, ideally are:
○ Not dominated by a specific modality
○ Actually measuring multimodal rather than unimodal performance

(cf “making the V in VQA matter”)



Multimodal Evaluation
NeurIPS 2020

NeurIPS 2021

CVPR 2022



Hateful Memes

Motivated by the shortcomings of other V&L datasets: we need something that is 
harder, more realistic, and requires true multimodal reasoning and understanding.

“Mean meme” examples for illustrative purposes – not actually in the dataset



Hateful Memes

Highly trained annotators, so: decent quality but small and expensive

Key concept: benign confounders

A “challenge set” for the community to do zero-shot/finetuning from pretrained



Hateful Memes

Findings in the paper:

● Big gap with human performance.
● Region features

(as opposed to grid) seem to help.
● Earlier fusion is better than middle,

is better than late.
● Multimodal pretraining doesn’t

really work.



Hateful Memes Competition

After the paper came a $100k competition on an unseen test set:

Winner characteristics: frameworks matter, SOTA pretrained models, ensembles, 
entities, faces and external knowledge.                      STILL FAR FROM SOLVED.



Adversarial VQA

HM is not perfect and everybody loves VQA, can we improve VQA itself?

First multimodal approach to human-and-model-in-the-loop, dynamic adversarial 
data collection:



Adversarial VQA

Is VQA as a task really arguably/
almost saturated?
No. Not even close (with simple questions):



AdVQA & AVQA

More information: adversarialvqa.org



Winoground

CLIP (re)triggered interest in multimodality



Winoground

But how good is CLIP really?

Some relevant ideas/findings from NLP:

● Winograd schemas
“The [trophy] doesn't fit in the [suitcase] because it is too [large/small]”

● Word order may not matter all that much



Winoground

● Examples written by linguist experts
● Using Getty Images API
● Simple way to measure by comparing scores
● In some cases, very difficult and requiring

world knowledge



Winoground Findings

● SOTA models often perform
below chance (again).

● VinVL/UNITER/ViLLA perform best,
probably because they’re trained with
image-text matching (ITM) loss.

● Paper has a breakdown by category,
and shows that these models probably
fall back to a weak unimodal prior.



DALL-E2 on Winoground I



DALL-E2 on Winoground II

STILL NOT SOLVED
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Building pretrained multimodal models - why?

● The internet is multimodal. The world is multimodal. Suddenly multimodal is 
cool (FINALLY!)

● Modalities can complement each other, offering shared parameters and 
improved sample efficiency.

● Deploying one single model offers economies of scale.

● Modality-agnostic large language models
=> foundation models?



Challenges

● Paired cross-modal data is not abundantly available
● Data from prior work has not been made public

● Joint learning across modalities is hard
● Pretraining techniques are domain specific
● Unclear how to leverage unimodal data

● Compute

CLIP dataset



FLAVA

● Holistic approach to multimodality
● One model spanning V&L, CV and NLP
● Jointly pretrained on:

○ unimodal text data (CCNews + BookCorpus)
○ unimodal image data (ImageNet)
○ public paired image-text data (70M)

● All data/models are publicly released
● Impressive performance on 35 tasks across NLP, CV and V&L domains.



Improved Grounded Language Models: FLAVA

FLAVA: A Foundational Language And Vision Alignment Model (CVPR22)
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FLAVA: A Foundational Language And Vision Alignment Model (CVPR22)



The PMD dataset

● 70M image-text pairs from public sources



How well does it work?

● On average, over 35 tasks,
FLAVA obtains impressive
performance



How well does it work?

Experimental setting vision-only 
tasks

vision-and-language 
tasks

language-only tasks (GLUE benchmark)

ImageNet
accuracy

VQAv2
accuracy

SNLI-VE
accuracy

HM
AUROC

QNLI
accuracy

MNLI
accuracy

QQP
accuracy

SST-2
accuracy

FLAVA
one pretrained model shared 
between tasks

75.5 72.8 79.0 76.7 87.3 80.3 90.4 90.9

UniT 
one model shared between tasks - 67.0 73.1 - 88.0 80.9 90.6 89.3

VisualBERT (Li et. al.)
separately fine-tuned on each task - 70.8 77.3 74.1 87.0 81.6 89.4 89.4

CLIP (Radford et. al.) 80.2 55.3 73.5 56.6 50.5 33.5 76.8 88.2

BERT (Devlin et. al.)
separately fine-tuned on each task - - - - 91.0 84.4 90.6 92.4



How about closing the loop?

● Results for FLAVA on Winoground (WG) and AdVQA:

● There is more work to be done!

WG-Text WG-Image WG-Group AdVQA

Best 37.75 17.75 14.50 33.67

FLAVA 32.25 20.50 14.25 36.02



Ethics first, more coming soon!

https://huggingface.co/blog/ethical-charter-multimodal



In the meantime: Of course it’s on Hugging Face

Datasets:

● https://huggingface.co/datasets/facebook/pmd
● https://huggingface.co/datasets/facebook/winoground

FLAVA:

● https://huggingface.co/facebook/flava-full
● https://huggingface.co/flava 

https://huggingface.co/datasets/facebook/pmd
https://huggingface.co/datasets/facebook/winoground
https://huggingface.co/facebook/flava-full
https://huggingface.co/flava
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Measuring performance not in the average case, but in the worst case.

Compute

Where are we going?

Evolution



Things to work on in multimodal AI

What I think will become most useful in the next few years:

● Data-centric methods (filtering, selection, weighting)
● Joint optimization of modalities
● Responsible AI and safety
● Interactive learning / self-play
● Online learning
● Retrieval augmentation
● Further scaling



Thanks!

Thank you for listening!

Thank you to all my collaborators (at Cambridge, Meta/FAIR, Hugging Face and 
other places) on these projects!

Follow me on Twitter: @douwekiela


