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I spent the majority of the last 
decade at MIT solving this problem.

In this talk, I share 6 key lessons learned along the way.
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Lesson 1
The best model is only as good

as the data it learns from.
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For learning, data is as important as the model
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But learning depends on the quality of
the data

Source: MIT Technology Review
(May 28, 2019)

Deep neural networks easily fit 
random labels.

- Zhang et al. (ICLR, 2017)

In machine learning, we tend to focus on 
the model

are trained with erroneous data`
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Lesson 2
Data and label issues plague the most-used AI tech.

e.g. Dall-E, ChatGPT, …
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Why the hype around Data-centric AI?

OpenAI has ‘open’ly stated that one of the biggest issues with Dall-E 
and GPT-3 is errors in the data and labels used during training.

It’s not the model, it’s the data!

Let’s take a look at the Dall-E demo page: 
https://openai.com/dall-e-2/#demos 
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https://openai.com/dall-e-2/#demos
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Dall-E’s big challenge → label errors at training time
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Dall-E’s big issue → label errors at training time
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Takeaway: Reliability of ML models deployed in the real-world 
depends on quality of training data.
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ChatGPT improved GPT-3 by improving data quality 

ChatGPT was fine-tuned to:

● minimize harmful, 
untruthful, or biased output

● Used human rankings of 
potential outputs to put 
lower-weighting on ‘bad 
data’
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Link to source. Link to blog.

https://www.deeplearning.ai/the-batch/how-ai-professionals-reacted-to-chatgpt-on-twitter/
https://openai.com/blog/chatgpt/
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Lesson 3
Every major tech company struggles
with data quality in their ML pipelines.

Northcutt, Athalye, & Mueller (2021) Pervasive label errors, nominated for best paper at NeurIPS

https://arxiv.org/abs/2103.14749
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Why the hype around Data-centric AI?
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Source: link

Source: link

Source: link

https://mitsloan.mit.edu/ideas-made-to-matter/why-its-time-data-centric-artificial-intelligence
https://hbr.org/2016/09/bad-data-costs-the-u-s-3-trillion-per-year
https://www.entrepreneur.com/science-technology/bad-data-the-3-trillion-per-year-problem-thats-actually/393161
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Tesla Data Engine: use model outputs to improve training dataset 
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Slide from Andrej Karpathy, Tesla Director of AI (2021)
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Tesla Data Engine: use model outputs to improve training dataset 
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Slide from Andrej Karpathy, Tesla Director of AI (2021)
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Tesla Data Engine: use model outputs to improve training dataset 

14

Slide from Andrej Karpathy, Tesla Director of AI (2021)

Datasets

Models and algorithms

Datasets

Models and algorithms
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For more examples from Microsoft, Facebook, Amazon, Oculus, and Google, see 
https://cleanlab.ai/blog/cleanlab-history/  
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https://cleanlab.ai/blog/cleanlab-history/
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Lesson 4
The top 10 most-used ML test sets all have label issues.

Northcutt, Athalye, & Mueller (2021) Pervasive label errors, nominated for best paper at NeurIPS

https://arxiv.org/abs/2103.14749
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3.4% of labels in popular ML test sets are erroneous
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Audio  → 

Text     → 

Images → 

https://labelerrors.com/ 

Northcutt, Athalye, & Mueller (2021) Pervasive label errors, nominated for best paper at NeurIPS

https://labelerrors.com/
https://arxiv.org/abs/2103.14749
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Lesson 5
Your test set benchmarks might not

reflect real-world performance.
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For imperfect test data: test acc ≠ real-world acc

RED
BLUE

GREEN

RED

BLUE

GREEN

Real-world accuracy ~ 67%
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Trained Model with 100% test accuracy.

Key Takeaway:

Need to benchmark on a 
corrected test set

Key 
Observed noisy label

Actual (not given) label
Northcutt, Athalye, & 
Mueller (Neurips 2021) 
paper link

https://arxiv.org/abs/2103.14749
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Lesson 6
All data and label issues in these slides were found 

automatically using Cleanlab.

(works for most ML datasets and ML models)
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- observed, noisy label

- unobserved, latent, correct label

Cleanlab is built on confident learning theory and algorithms

● Confident learning (Northcutt, Jiang & Chuang. 2021. Journal of AI Research)

○ Theoretically grounded: proves realistic sufficient conditions for exactly finding label errors

○ Inspired by quantum computation and information theory.

○ General: Works with any model, dataset, and modality by using predicted probabilities as input 
(irrespective of which model produced them -- model-agnostic)
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CL finds ‘systematic errors’.
(not just random label flipping)

Reasoning: a fox is much more 
likely to be labeled dog than cow.
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How does confident learning work? (8 years in 10 seconds)
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Intuition why this works: Robustness to miscalibration

But neural networks have been shown (Guo et al., 2017) to be over-confident for some classes:
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What happens to              ? 

→ is unchanged - still exactly finds errors

Exactly finds label errors 
for “ideal” probabilities
(Ch. 2, Thm 1, in thesis) 

https://dspace.mit.edu/handle/1721.1/139321
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Compare Accuracy: Learning with 40% label noise in CIFAR-10
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Confident learning methods

Model-centric
Train with errors

“adjust the 
loss”

Baseline (remove prediction != label) Data-centric 
Train with errors 
removed 

“Change the 
dataset”

        Fraction of zeros in the off-diagonals of  

← More realistic
     (e.g. ImageNet)

Perf drop-off

Same perf
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Find label errors in your own dataset  (1 import + 1 line of code)
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https://github.com/cleanlab/cleanlab 

https://github.com/cleanlab/cleanlab
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Find data errors in your own dataset  (1 import + 1 line of code)
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https://github.com/cleanlab/cleanlab 

https://github.com/cleanlab/cleanlab
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Find consensus labels for your dataset  (1 import + 1 line of code)
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https://github.com/cleanlab/cleanlab 

https://github.com/cleanlab/cleanlab
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This isn’t just for image data. CL solutions work for

● any supervised ML model

● any data modality

● any dataset that a classifier can be trained on

● many data formats.
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Filling the Gap
From research to enterprise solutions.
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AI enterprise solution landscape
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Deploy a trained 
model

(that works well 
for customers)

Obtain data 
and labels

(typically lower 
quality than 
you want)

Lots of labeling, ETL, 
and data warehouse 
solutions exist

Lots of model 
deployment 
solutions exist

Low quality data high quality model

the gap

https://cleanlab.ai/studio/ 

https://cleanlab.ai/studio/
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Founded by 3 PhDs in ML from MIT, we spend on producing value over ad marketing.
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What makes us different?

https://cleanlab.ai/research

Research Publications

https://cleanlab.ai/blog

Research Blogs

https://docs.cleanlab.ai/

Open-source commitment

6k stars

https://cleanlab.ai/research
https://cleanlab.ai/blog
https://docs.cleanlab.ai/
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Takeaway: Data and label quality is a problem for 
our market. Here are some solutions:

● https://cleanlab.ai/studio/

● https://github.com/cleanlab/cleanlab 
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Questions? → team@cleanlab.ai 

https://cleanlab.ai/studio/
https://github.com/cleanlab/cleanlab
mailto:team@cleanlab.ai
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