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Classifier 
performance 
measures 
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Area 
under 

ROC

Image credit: Clare Liu’s post on KDnuggets, 20/9/2022
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A common practice in machine learning
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Optimize and evaluate based on cross-validation accuracy

Is this sound? 
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Exercise

You have a classifier. On a test set having 20% +ve and 80% -ve 

cases, the classifier’s recall and precision are both 80%

Suppose you test it on a new test set having 80% +ve and 20% -ve 

cases. What do you expect its accuracy to be? 

You may assume that the +ve (resp. –ve) cases in both test sets 

are equally sufficiently representative of the +ve (resp. –ve) real-

world population
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Calculations for the two scenarios

Given

• +ve : -ve in test set  = 200 : 800 

• Recall = 80%, precision = 80%

Thus

• TP = 200 * recall = 160

• FP + TP = TP / precision  = 200

• TN = 800 – FP = 800 – (200 – 160) = 760

• Specificity = TN / 800 = 95%

• Accuracy = (TP + TN) / (200 + 800) = 92%

Given

• +ve : -ve in test set = 800 : 200

Thus

• Recall = …, specificity = …

• TP = 800 * recall = …

• TN = 200 * specificity = …

• FP = 200 – TN = …

• Precision = TP / (TP + FP) = …

• Accuracy = (TP + TN) / (800 + 200) = …
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Class proportion of 

test set may not be 

fidel to real life

Accuracy 

determined from 

test set may not 

give the right 

picture of real-life 

performance

Test set: 

20% +ve, 80% -ve

recall = 80%, precision = 80%

specificity = 95%, accuracy = 92%

New test set “real life”:

80% +ve, 20% -ve

By “representativeness”,

recall = …, specificity = …

 accuracy = …, precision = …
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Exercise

10

Accuracy & precision are 

not robust classifier 

performance measures 

as they are sensitive to 

changes in class 

proportions in test sets

Is F1 more robust to this 

problem?
Image credit: Clare Liu’s post on KDnuggets, 20/9/2022
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Exercise

You have a classifier 

On a test set having 90% +ve and 10% -ve cases, the classifier’s 

precision is 99% and recall is 90%

On a test set having 10% +ve and 90% -ve cases, the classifier’s 

precision is 80% and recall is 90%

Do you think anything is wrong? Why?
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Calculations for the two scenarios

Given

• +ve : -ve = 900 : 100

• Recall = 90%, precision = 99%

Thus

• TP = 900 * recall = 810

• FP / (TP + FP) = (1 – precision) = 1% 

 FP = 810 * 1% + FP * 1% 

 FP * 99% = 8 

 FP = 8

• TN = 100 – FP = 92

• Specificity = TN / 100 = 92%

Given

• +ve : -ve = 100 : 900

• Recall = 90%, 

Assume (if nothing is wrong)

• Specificity = … 

Thus

• TP = 100 * recall = 90

• FP = 900 * (1 – specificity) = …

• Precision = TP / (TP + FP) = …
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Accuracy from a test set 

must be calibrated for 

interpretability
Also, it is probably better to optimize wrt sqrt(recall * specificity), as these 

are independent of class proportion
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A common practice in machine learning

15

Optimize and evaluate based on a test set without considering 

the properties of the test set, in particular, without checking 

whether the test set is well designed

Is this sound? 
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How do serious professors set final exam?

16

This is how I set exams

Some easy questions

Enough hard questions

And often some surprising questions

Students don’t get “A” answering 
easy questions
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Protein function assignment 

A protein is a large complex 

molecule made up of one or 

more chains of amino acids

Usually, only the sequence of amino 

acid is known

Proteins perform a wide variety of 

activities in the cell

How do we predict the function of a 

protein?
18
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A standard postulate based on evolution

Two proteins (not) 
inheriting their 
function from a 

common ancestor 
(do not) have 

similar amino acid 
sequences
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Guilt by association

Compare T with seqs of 

known function in a db

Assign to T same 

function as homologs

Confirm with suitable 

wet experiments

Discard this function

as a candidate
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Twilight zone: 

Limit of sequence 

similarity-based 

protein function 

assignment

So, need clever 

methods for the 

twilight zone Abagyan RA, Batalov S. J Mol Biol., 273(1):355-68, 1997
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Many deep learning models to the rescue?

22

DeepFam (2018, CNN)

DeepGO (2018, CNN + DNN)

DeepPred (2019, hierarchical DNN)

DeepGoPlus (2019, CNN + DNN)

UDSMProt (2020, LSTM)

MultiPredGO (2020, multimodal DL)

TALE+ (2021, transformer)

DeepGraphGO (2021, CNN + DNN, multimodal)

DeepGoZero (2022, zero-shot learning), …
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DeepFam, deep 
learning for 
protein family 
prediction

This looks good

Really? 

Seo et al., Bioinformatics, 34(13):i254-i262, 2018 23
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How do I set final exams?

25

This is how I set exams

Some easy questions

Enough hard questions

And often some surprising questions

Students don’t get “A” answering 
easy questions

Is this a good assessment of DeepFam? Do 
the test sets have enough hard questions and 

surprising questions?

What can be used as hard questions?
What can be used as surprising questions?
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DeepFam’s good 

accuracy is 

largely due to 

“easy” proteins

26Neamul Kabir & Wong, BMC Bioinformatics, 23:90, 2022
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There are few 

twilight zone 

proteins in the 

reference 

database. 

DeepFam’s poor 

twilight zone 

performance is 

thus ok

What do you think?

27
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Don’t be fooled by high 

accuracy on easy test sets

Need to stratify accuracy wrt easy and hard test instances

30
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Do the test sets 

contain 

surprising 

questions?

How do 

DeepFam 

perform on 

these?

What do you think?
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Don’t be fooled by high 

accuracy on test sets 

without surprises
Real world is full of surprises!
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Take-home message

Prediction model assessment needs careful test set design

Representativeness of test set

Easy questions, hard questions, & surprise questions in test set

Extrapolation of test metrics to real-world 

Real-world utility considerations
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Homework, 
due 10/1/2026
submit by email to dcswls@nus.edu.sg  
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Make 5-minutes presentation to 
class on 12/1/2026

mailto:dcswls@nus.edu.sg
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Presentations & discussion on …
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