
Announcements

 Requirements for auditors
o Please present at least one paper in the class

 If you enrolled the class recently, please send me an 
email so I can add you to the Slack channel. Also, 
make sure you are on Canvas.

 Project announcement is also delayed to Feb 1
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Outline (Jan 25)

 Continued lecture on text classification (7min)
 HW2 announcement (5min)
 Lecture on topic modeling (8min)
 Readings (60min)

o (20min) [Josh Spitzer-Resnick] Zhang, J., Chang, J. P., Danescu-Niculescu-Mizil, C., Dixon, L., 
Hua, Y., Thain, N., & Taraborelli, D. (2018). Conversations Gone Awry: Detecting Early Signs of 
Conversational Failure

o (20min) [Andrew Walker] Brown, T. B., Mann, B., Ryder, N., Subbiah, M., Kaplan, J., Dhariwal, 
P., Amodei, D. (2020). Language Models are Few-Shot Learners, NeurIPS 2020

o (20min) [Ishan Joshi] Bender, E. M., Gebru, T., McMillan-Major, A., & Shmitchell, S. (2021, 
March). On the Dangers of Stochastic Parrots: Can Language Models Be Too Big? In 
Proceedings of the 2021 ACM Conference on Fairness, Accountability, and Transparency (pp. 
610-623).
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https://arxiv.org/abs/2005.14165
https://dl.acm.org/doi/10.1145/3442188.3445922


CSCI 8980-06: Introduction to NLP

Lecture 2: Text Classification (Continued)
Dongyeop Kang, University of Minnesota

Some slides are borrowed from Dan Jurafsky (Stanford), David Bamman (Berkeley), and Yulia Tsvetkov (CMU).



Recap
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Sentiment is contextual; 

Sentiment is a measure of a speaker’s 
private state, which is unobservable.
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Where we now?
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https://paperswithcode.com/

https://paperswithcode.com/
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Robustness of Neural Classifiers
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Ribeiro et al., Beyond Accuracy: Behavioral Testing of NLP Models with CheckList, ACL 2020



Robustness of Neural Classifiers
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Ribeiro et al., Beyond Accuracy: Behavioral Testing of NLP Models with CheckList, ACL 2020



Robustness of Neural Classifiers
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Ribeiro et al., Beyond Accuracy: Behavioral Testing of NLP Models with CheckList, ACL 2020
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What are those 2.5 errors? How to 
characterize them?
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Under review, “Welcome to the InfoVerse: Dataset Characterization with Meta-information
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BERT is learning task bias in dataset
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Hayati,  Kang,  Ungar, "Does BERT Learn as Humans Perceive? Understanding Linguistic Styles through Lexica", EMNLP 2021
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Hayati,  Kang,  Ungar, "Does BERT Learn as Humans Perceive? Understanding Linguistic Styles through Lexica", EMNLP 
2021

Salient words of different styles



Summary

 Various applications using sentiment analysis in political and social 
sciences, stock market prediction, advertising, etc.

 Sentiment of text is reflection of the speaker's private state, which is 
hardly observable.

 Lexicon dictionaries have limitations, because sentiment is contextual
 Sentiment + X
 Modern deep representations perform better but are hard to interpret, 

and easy to be biased to the dataset
 97.5 accuracy on SST2, but poor robustness in practice
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Questions
 Is there any way to take advantages from both the classical dictionary based 

method and modern neural model? 
 How can we evaluate and improve robustness of the model? How can we 

collect even more challenging samples that the current best model can’t predict 
well? 

 How can we make human in the loop of ML pipeline then?
 How can we make black-box deep learning models to be more interpretable?
 Is benchmarking/leader-boarding a good practice for evaluation? If not, any 

solution?
 Other applications of sentiment analysis?
 How can we consider context beyond text and collect such data?
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HW2 (Paper Replication)
 A solid replication or reimplementation of existing work

o Pick one of the following NLP tasks and datasets
o Strongly encourage you to use existing code but run it yourself.

 Notes
o You will be treated as cheating if you do not correctly cite any tool or paper you 

consulted. 
o The homework would serve as the foundation for your homework 3 and 4, and possibly 

your project.
 Submit code and (2-3 pages) report to Canvas
 Due: Feb 10 11:59pm
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Tasks and Datasets
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If you would like to choose other tasks and 
datasets, please talk to DK by Jan 28.



Models

 Check the link in Papers with Code

 Or, use one of the basic models in HuggingFace
o E.g., BERT-uncased-base, RoBERTa-large, T5-base, etc
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SemEval 2022
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Resources: Papers with Code
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https://paperswithcode.com/sota/sentiment-analysis-on-sst-2-binary

https://paperswithcode.com/sota/sentiment-analysis-on-sst-2-binary


Resources: HuggingFace Datasets
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https://huggingface.co/docs/datasets/

https://huggingface.co/docs/datasets/


Resources: ParlAI
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https://parl.ai/

https://parl.ai/


Resources: Google Colab
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https://colab.research.google.com/

https://colab.research.google.com/


Questions on HW2?
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CSCI 8980-06: Introduction to NLP

Lecture 3: Text Clustering and Topic Modeling
Dongyeop Kang, University of Minnesota

Some slides are borrowed from Dan Jurafsky (Stanford), David Bamman (Berkeley), and Yulia Tsvetkov (CMU).



Topic Models

 A probabilistic model for discovering hidden “topics” or 
“themes” (groups of terms that tend to occur together) 
in documents. 
 Unsupervised (find interesting structure in the data)
 Clustering algorithm, clustering tokens into topics
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Topic Models

 Input: set of documents, 
number of clusters to learn

 Output: 
o Topics
o Topic ratio in each document
o Topic distribution for each 

word in doc
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topic models cluster tokens into “topics”

…  The  messenger,  however,  does  not  reach  Romeo and,  
instead,  Romeo  learns  of  Juliet's  apparent  death from  his  
servant  Balthasar.  Heartbroken,  Romeo  buys poison  from  an  
apothecary  and  goes  to  the  Capulet crypt.  He  encounters  
Paris  who  has  come  to  mourn Juliet  privately.  Believing  
Romeo  to  be  a  vandal,  Paris confronts  him  and,  in  the  
ensuing  battle,  Romeo  kills Paris.  Still  believing  Juliet  to  be  
dead,  he  drinks  the poison.  Juliet  then  awakens  and,  finding  
Romeo  dead, stabs  herself  with  his  dagger.  The  feuding  
families  and the  Prince  meet  at  the  tomb  to  find  all  three  
dead.  Friar Laurence  recounts  the  story  of  the  two  "star-
cross'd lovers".  The  families  are  reconciled  by  their  children's 
deaths  and  agree  to  end  their  violent  feud.  The  play  ends 
with  the  Prince's  elegy  for  the  lovers:  "For  never  was  a 
story  of  more  woe  /  Than  this  of  Juliet  and  her  Romeo."
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topic models cluster tokens into “topics”

…  The  messenger,  however,  does  not  reach  Romeo 
and,  instead,  Romeo  learns  of  Juliet's  apparent  death
from  his  servant  Balthasar.  Heartbroken,  Romeo  buys 
poison  from  an  apothecary  and  goes  to  the  Capulet 
crypt.  He  encounters  Paris  who  has  come  to  mourn
Juliet  privately.  Believing  Romeo  to  be  a  vandal,  Paris 
confronts him  and,  in  the  ensuing  battle,  Romeo  kills
Paris.  Still  believing  Juliet  to  be  dead,  he  drinks  the 
poison.  Juliet  then  awakens  and,  finding  Romeo  dead, 
stabs herself  with  his  dagger.  The  feuding families  and 
the  Prince  meet  at  the  tomb to  find  all  three  dead.  
Friar Laurence  recounts  the  story  of  the  two  "star-cross'd
lovers".  The  families  are  reconciled  by  their  children's 
deaths and  agree  to  end  their  violent feud.  The  play  
ends with  the  Prince's  elegy for  the  lovers:  "For  never  
was  a story  of  more  woe  /  Than  this  of  Juliet  and  her  
Romeo."

“Death”
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topic models cluster tokens into “topics”

…  The  messenger,  however,  does  not  reach  Romeo 
and,  instead,  Romeo  learns  of  Juliet's  apparent  death 
from  his  servant  Balthasar.  Heartbroken,  Romeo  buys 
poison  from  an  apothecary  and  goes  to  the  Capulet 
crypt.  He  encounters  Paris  who  has  come  to  mourn 
Juliet  privately.  Believing  Romeo  to  be  a  vandal,  Paris 
confronts  him  and,  in  the  ensuing  battle,  Romeo  kills 
Paris.  Still  believing  Juliet  to  be  dead,  he  drinks  the 
poison.  Juliet  then  awakens  and,  finding  Romeo  dead, 
stabs  herself  with  his  dagger.  The  feuding  families  and 
the  Prince  meet  at  the  tomb  to  find  all  three  dead.  
Friar Laurence  recounts  the  story  of  the  two  "star-cross'd
lovers".  The  families  are  reconciled by  their  children's 
deaths  and  agree  to  end  their  violent  feud.  The  play  
ends with  the  Prince's  elegy  for  the  lovers:  "For  never  
was  a story  of  more  woe  /  Than  this  of  Juliet  and  her  
Romeo."

“Love”
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topic models cluster tokens into “topics”

…  The  messenger,  however,  does  not  reach  Romeo 
and,  instead,  Romeo  learns  of  Juliet's  apparent  death 
from  his  servant  Balthasar.  Heartbroken,  Romeo  buys 
poison  from  an  apothecary  and  goes  to  the  Capulet 
crypt.  He  encounters  Paris  who  has  come  to  mourn 
Juliet  privately.  Believing  Romeo  to  be  a  vandal,  Paris 
confronts  him  and,  in  the  ensuing  battle,  Romeo  kills 
Paris.  Still  believing  Juliet  to  be  dead,  he  drinks  the 
poison.  Juliet  then  awakens  and,  finding  Romeo  dead, 
stabs  herself  with  his  dagger.  The  feuding  families and 
the  Prince  meet  at  the  tomb  to  find  all  three  dead.  
Friar Laurence  recounts  the  story  of  the  two  "star-cross'd
lovers".  The  families are  reconciled  by  their  children's
deaths  and  agree  to  end  their  violent  feud.  The  play  
ends with  the  Prince's  elegy  for  the  lovers:  "For  never  
was  a story  of  more  woe  /  Than  this  of  Juliet  and  her  
Romeo."

“Family”
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tokens, not types

…  The  messenger,  however,  does  not  reach  Romeo 
and,  instead,  Romeo  learns  of  Juliet's  apparent  death 
from  his  servant  Balthasar.  Heartbroken,  Romeo  buys 
poison  from  an  apothecary  and  goes  to  the  Capulet 
crypt.  He  encounters  Paris  who  has  come  to  mourn 
Juliet  privately.  Believing  Romeo  to  be  a  vandal,  Paris
confronts  him  and,  in  the  ensuing  battle,  Romeo  kills 
Paris.  Still  believing  Juliet  to  be  dead,  he  drinks  the 
poison.  Juliet  then  awakens  and,  finding  Romeo  dead, 
stabs  herself  with  his  dagger.  The  feuding  families  and 
the  Prince  meet  at  the  tomb  to  find  all  three  dead.  
Friar Laurence  recounts  the  story  of  the  two  "star-cross'd
lovers".  The  families  are  reconciled  by  their  children's 
deaths  and  agree  to  end  their  violent  feud.  The  play  
ends with  the  Prince's  elegy  for  the  lovers:  "For  never  
was  a story  of  more  woe  /  Than  this  of  Juliet  and  her  
Romeo."

“People”

A different Paris token 
might belong to a “Place” 
or “French” topic.



Latent variables

 A latent variable is one that’s unobserved, either 
because: 
owe are predicting it (but have observed that variable for 

other data points) 
o it is unobservable
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Probabilistic graphical models

 Nodes represent variables 
(shaded = observed,  clear = 
latent) 
 Arrows indicate conditional 

relationships 
 The probability of x here is 

dependent on y



document distribution over topics

Topic distribution 
over words

topic indicators for words

words

documents

Blei, David M., Andrew Y. Ng, and Michael I. Jordan. "Latent dirichlet allocation." the Journal of machine Learning research 3 (2003): 993-1022.
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A document has distribution over topics
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A topic is a distribution over words

e.g., P ( “adore” | topic = love)  =  0.18
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A topic is a distribution over words

K = 20
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? ? ? ?

P ( topic | topic distribution)
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war aliens war love

P ( topic | topic distribution)

Topic 
assignment 

for each 
token
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war aliens war love

? ? ? ?

…  The  messenger,  however,  does  not  reach  
Romeo and,  instead,  Romeo  learns  of  Juliet's  
apparent  death from  his  servant  Balthasar.  
Heartbroken,  Romeo  buys poison  from  an  
apothecary  and  goes  to  the  Capulet crypt.  He  
encounters  Paris  who  has  come  to  mourn Juliet  
privately.  Believing  Romeo  to  be  a  vandal,  Paris 
confronts him  and,  in  the  ensuing  battle,  Romeo  
kills Paris.  Still  believing  Juliet  to  be  dead,  he  
drinks  the poison.  Juliet  then  awakens  and,  
finding  Romeo  dead, stabs herself  with  his  
dagger.  The  feuding families  and the  Prince  meet  
at  the  tomb to  find  all  three  dead.  Friar Laurence  
recounts  the  story  of  the  two  "star-cross'd lovers".  
The  families  are  reconciled  by  their  children's 
deaths and  agree  to  end  their  violent feud.  The  
play  ends with  the  Prince's  elegy for  the  lovers:  
"For  never  was  a story  of  more  woe  /  Than  this  
of  Juliet  and  her  Romeo."
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K = 20
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war aliens war love

“fight” “alien” “kills” “marries”This is token, 
not type Every word 

has one topic.



M x K

M x N

K x V



Inference

 Markov chain Monte Carlo 
oGibbs sampling, Metropolis Hastings, etc.

 Variational methods 

 Spectral methods 
o Anandkumar et al. 2012, Arora et al. 2013
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Assumptions

 Every word has one topic 
 Every document has one topic distribution
 No sequential information 
 Topics/Words don’t have arbitrary correlations 

(Dirichlet prior)
 The only information you learn from are the 

identities of words and how they are divided into 
documents.
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Hierarchical Topic Models 
(Blei et al., 2003)
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Topics over Time 
(Wang and McCallum 2006)
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Geographic Lexical Variation 
(Eisenstein et al., 2010)
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Labeled LDA
(Daniel Ramage et al., 2009)

Labels: Style, Grammar, Reference, Education



Symmetric Correspondence Topic Models 
(Fukumasu et al., 2012)

Phrase and document metadata
(Speier et al., 2016)

Mixed Membership Stochastic Blockmodels
(Airoldi et al., 2008)

Joint Topic Models for Text and Citations
(Nallapati et al., 2008)



Questions

 Limitation of topic modeling?
 Not effective for supervised tasks?
 Evaluation is unreliable
 Complexity of inference 
 Cost of designing the variable relationships
 Topic modeling vs Neural Network? Combination?

o Topic Modeling in Embedding Spaces (Dieng et al., 2019)
o TopicRNN: A Recurrent Neural Network with Long-Range Semantic Dependency

(Dieng et al., 2016)
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https://arxiv.org/abs/1907.04907
https://arxiv.org/abs/1611.01702


Readings
 [Josh Spitzer-Resnick] Zhang, J., Chang, J. P., Danescu-Niculescu-Mizil, C., Dixon, 

L., Hua, Y., Thain, N., & Taraborelli, D. (2018). Conversations Gone Awry: Detecting 
Early Signs of Conversational Failure

 [Andrew Walker] Brown, T. B., Mann, B., Ryder, N., Subbiah, M., Kaplan, J., Dhariwal, 
P., Amodei, D. (2020). Language Models are Few-Shot Learners, NeurIPS 2020

 [Ishan Joshi] Bender, E. M., Gebru, T., McMillan-Major, A., & Shmitchell, S. (2021, 
March). On the Dangers of Stochastic Parrots: Can Language Models Be Too Big? In 
Proceedings of the 2021 ACM Conference on Fairness, Accountability, and 
Transparency (pp. 610-623).
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https://arxiv.org/abs/2005.14165
https://dl.acm.org/doi/10.1145/3442188.3445922


Next..

 Language models
 Two readings:

o [David Ma] Bommasani, Rishi, Drew A. Hudson, Ehsan Adeli, Russ 
Altman, Simran Arora, Sydney von Arx, Michael S. Bernstein et al. On 
the Opportunities and Risks of Foundation Models

o [Yu Fang] Liu, P., Yuan, W., Fu, J., Jiang, Z., Hayashi, H., & Neubig, 
G. (2021). Pre-train, Prompt, and Predict: A Systematic Survey of 
Prompting Methods in Natural Language Processing
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