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Join our team for this summer!!

Opportunity to be a Data Science Intern at Mayo Clinic Department of ENT (ear-nose-
throat).

Team: me + another data scientist (HDS graduate) + ENT physicians.

Projects: that directly improve clinical practice for patients. Our main current project 
uses NLP to improve direct messages to patients after surgery. You’ll also have the 
opportunity to attend the Mayo Clinic AI summit

Ideal candidate has a data science background, NLP experience preferred but not 
required.

Interested? email me a cover letter and a CV, title the email “Mayo ENT internship 
2023” 2
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Science Center Hall B



“
The Pareto principle states that for 

many outcomes, roughly 80% of 
consequences come from 20% of causes.

Source: Wikipedia
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Pretrained Networks
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Detect cats in an image

Detect dogs in an image



Pretrained Networks

◎ Another way around having a small number of training examples to 
learn from is using networks that have been trained on other, bigger 
datasets similar to the type of data you have

◎ A pretrained network is a saved network that was previously trained on 
a large dataset

◎ If the dataset used to train the network is large enough and big enough, 
the features learned by the pretrained network can act as a generic 
model to use as a base for your network

◎ This saves an enormous amount of computing time
◎ Pretrained networks can be used for feature extraction and fine-tuning
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Pretrained Networks

◎ Commonly used pretrained 
networks include
○ VGG16
○ ResNet
○ Inception
○ Inception-ResNet
○ Xception
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◎ Commonly used dataset used to 
train a network is the ImageNet 
dataset
○ 1.4 million labeled images
○ 1,000 different classes
○ Mostly animals and everyday 

objects

http://www.image-net.org/
http://www.image-net.org/


Pretrained Networks
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11https://neurohive.io/en/popular-networks/vgg16/

https://neurohive.io/en/popular-networks/vgg16/
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Credit: Eugenia Anello. https://medium.com/dataseries/visualizing-the-feature-maps-and-filters-by-convolutional-neural-
networks-e1462340518e

https://medium.com/dataseries/visualizing-the-feature-maps-and-filters-by-convolutional-neural-networks-e1462340518e
https://medium.com/dataseries/visualizing-the-feature-maps-and-filters-by-convolutional-neural-networks-e1462340518e
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Remember what a convolutional layer does



Feature Extraction

◎ Consists of using the 
representations learned by a 
previous network to extract 
features from new samples

◎ These features are then run 
through a new classifier that is 
trained from scratch, and 
predictions are made

14



Feature Extraction

◎ For CNNs, the part of the pretrained 
network you use is called the 
convolutional base, which 
contains a series of convolution 
and pooling layers

◎ For feature extraction, you keep the 
convolutional base of the 
pretrained network, remove the 
dense / trained classifier layers, and 
append new dense and classifier 
layers to the convolutional base
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Feature Extraction

◎ We could also reuse the densely connected classifier as well, but this is not 
advised

◎ Representations learned by the convolutional base are likely to be more 
generic and thus more reusable

◎ The representations learned by the classifier will be specific to the set of 
classes the model was trained on

◎ They will also no longer contain information about where objects are 
located in the input image
○ This makes them especially useless when the object's location is 

important
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Feature Extraction

◎ The level of generality depends on the depth of the layer in the model
○ Early layers extract local, highly generic features, i.e. edges, colors, 

textures
○ Later layers extract more abstract concepts i.e. “cat ear” or “dog eye”

◎ If your new dataset is very different from the dataset that was used to train 
the model, you should use only the first few layers for feature extraction 
rather than the entire base
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Pretrained Networks in Keras

◎ Xception
◎ Inception V3
◎ ResNet50
◎ VGG16
◎ VGG19
◎ MobileNet
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Inception Models
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https://becominghuman.ai/understanding-and-coding-inception-

module-in-keras-eb56e9056b4b

https://becominghuman.ai/understanding-and-coding-inception-module-in-keras-eb56e9056b4b
https://becominghuman.ai/understanding-and-coding-inception-module-in-keras-eb56e9056b4b


Instantiating the 

VGG16 Base
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Instantiating the 

VGG16 Base
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The final layer is a pooling layer and the final output shape from 
this base is (4, 4, 512). We need this information when adding 
layers to the base. This output shape will be the input shape for 
the densely connected layer we’ll add to the base.



Using a Pretrained Network

◎ The final output has shape (4, 4, 512)
◎ You have 2 options:

1. Feature extraction without augmented data: you can run the 
convolutional base over the dataset, record its output to a numpy 
array, and then use these values as input to a densely connected 
classifier

◉ This is fast and cheap to run
◉ It won't allow you to use augmented data

2. Feature extraction with augmented data: you can extend the 
convolutional base by adding dense layers on top and running the 
whole model on the input data

◉ This allows data augmentation
◉ This is very computationally expensive
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Transfer learning without 
fine-tuning

(Using the convolutional base as a pre-
processing step)
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Colab notebook

https://colab.research.google.com/drive/1pHveYZWIMJKbCHpThmppdC4qnzGOVEa2?usp=sharing
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We need to reshape the outputs so we can feed them into a dense layer - recall that dense 
layers take in vectors.
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We can add the base just like a 
layer to our network conv_base(trainable = False)

2,097,665
14,714,688
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Original CNN made from scratch CNN using pretrained base
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Transfer learning with 
fine-tuning

(allowing to change the weights in 
the convolutional base)
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Colab notebook

https://colab.research.google.com/drive/1pHveYZWIMJKbCHpThmppdC4qnzGOVEa2?usp=sharing
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We can add the base just like a 
layer to our network



Note: do not run this code 
without access to a GPU.

Back to Colab notebook
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https://colab.research.google.com/drive/1YWL0T8w_n44uzhB6Dloyt6lGmX_gEIXx?usp=sharing
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Original CNN made from scratch 
with data augmentation

CNN using pretrained base 
with data augmentation
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Let’s compare the two approaches
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First approach:

Freezing the convolutional base
Training only the fully connected layers

Trainable parameters = 2M
Accuracy: ~0.78

Second approach:

Conv_base and dense layers both trainable
(we still initialize conv_base with VGG weights)

Trainable parameters = 16M
Accuracy: ~0.69



With these results, can you think of a third 

approach that may work better?
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Some intuition about why the first approach 
worked better
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When starting to train, it is less likely that we will fall into a local minimum if we are only training 
few parameters (as opposed to trying to simultaneously train the parameters from the dense layer 
AND fine-tune the convolutional layers)

W2
W1

loss



Additional questions
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How do we unfreeze some of the convolutional layers?

https://medium.com/@timsennett/unfreezing-the-layers-you-want-to-fine-
tune-using-transfer-learning-1bad8cb72e5d

https://medium.com/@timsennett/unfreezing-the-layers-you-want-to-fine-tune-using-transfer-learning-1bad8cb72e5d
https://medium.com/@timsennett/unfreezing-the-layers-you-want-to-fine-tune-using-transfer-learning-1bad8cb72e5d
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