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Agency + Automation



AI Taking Over? 

https://futurism.com/ai-contracts-lawyers-lawgeex/
https://www.pbs.org/newshour/science/analysis-robots-achieve-what-humans-never-will-assembling-an-ikea-chair-in-less-than-21-minutes
https://www.washingtonpost.com/news/innovations/wp/2018/04/06/elon-musks-nightmarish-warning-ai-could-become-an-immortal-dictator-from-which-we-would-never-escape/?utm_term=.9e2c93ec3759


“[We] need well-thought-out interactions of 
humans and computers to solve our most 
pressing problems” 

Michael Jordan, UC Berkeley  [Medium 2018]

“I worry … that enthusiasm for A.I. is preventing 
us from reckoning with its looming effects on 
society… if we want it to play a positive role in 
tomorrow’s world, it must be guided by human 
concerns… enhancing us, not replacing us.” 

Fei-Fei Li, Stanford & Google  [NY Times 2018]



While timely, these are not 
new observations…



Eric Horvitz [CHI 1999]

Provide significant value-
added automation. 

Support uncertainty 
around user goals. 

Allow efficient direct 
invocation and termination. 

Employ dialog to resolve 
key uncertainties. 

Provide mechanisms for 
agent−user collaboration 
to refine results. 

Continue to learn by 
observing user actions.
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Mid-Century Prospects for Automated Language Translation 

“Fully automatic, high quality translation is not a reasonable goal, 
not even for scientific texts. A human translator, in order to arrive 
at high quality output, is often obliged to make intelligent use of 
extra-linguistic knowledge which sometimes has to be of 
considerable breadth and depth.” 

“As soon as the aim of MT is lowered to that of high quality 
translation by a machine-posteditor partnership, the decisive 
problem becomes to determine the region of optimality in the 
continuum of possible divisions of labor.” 

Yehoshua Bar-Hillel  [Advances in Computers 1960]



D E S I G N  C H A L L E N G E :  
Determine “regions of optimality” in 
possible divisions of labor among 
directed and automated actions.





Challenges of Automation: 
Automated methods may be biased or inaccurate. 
Consequences of poor models let loose in the world. 
Loss of critical engagement & domain expertise. 

Balancing Automation and Control
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Challenges of User Control: 
Ambiguity of intent. Scale. Cognitive biases, mistakes. 
Lack of global view -> overweight local information. 
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Challenges of Automation: 
Automated methods may be biased or inaccurate. 
Consequences of poor models let loose in the world. 
Loss of critical engagement & domain expertise. 

Challenges of User Control: 
Ambiguity of intent. Scale. Cognitive biases, mistakes. 
Lack of global view -> overweight local information. 

Strategy: Shared Representations 
Enhance user interfaces with models of capabilities, 
actions & goals to reason about the task and enable 
principled human-AI interaction.

Balancing Automation and Control



E X A M P L E S :  
Exploratory Data Visualization 
Data Cleaning & Transformation 
Natural Language Translation



E X A M P L E S :  
Exploratory Data Visualization 
Data Cleaning & Transformation 
Natural Language Translation



Vega

http://d3js.org
http://d3js.org


Topic Model Visualization [Chuang et al. 2012]



Topic Model Visualization

X
[Chuang et al. 2012]



Topic Model Visualization [Chuang et al. 2012]



Topic Model Analysis [Chuang et al. 2015]



Topic Model Analysis [Chuang et al. 2015]



Bias?

Inadequate 
Representation?

Mapping Machine-Learned Latent Spaces [Liu et al. 2019]



What makes a 
visualization “good”? 



A Quick Experiment…



Compare area of circles



Compare length of bars



Compare area of circles



Compare length of bars



Log Estimation Error - 95% CI

Position 1 
Position 2 
Position 3 
Length 1 
Length 2 
Angle 
Area (Circular) 
Area (Rect 1) 
Area (Rect 2)

Accuracy of Proportion Judgments

[Cleveland & McGill 1984, Heer & Bostock 2010]



Most accurate   Position (common) scale 
      Position (non-aligned) scale 

      Length 

      Slope 

      Angle 
  
      Area 

      Volume 

Least accurate   Color hue-saturation-density

Ranking Visual Encodings

Comparing 
Proportions



Common exploration pitfalls: 
Overlook data quality issues 
Fixate on specific relationships 
Plus many other biases… 
[Heuer 1999, Kahneman 2011, …]



Voyager: Combine Specification and Recommendation  [Wongsuphasawat 2017]
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Voyager: Combine Specification and Recommendation  [Wongsuphasawat 2017]

Key Idea: Augment manual exploration with visualization 
recommendations sensitive to the user’s current focus. 

The ultimate goal is to support systematic consideration of 
the data, without exacerbating false discovery. 

To model a user’s search frontier, we optimize for related 
chart specifications, seeded by the user’s current focus. 

Candidate charts are pruned and ranked using a formal 
model of design constraints and perceptual effectiveness, 
which can be trained from perception experiment results.
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Learn Design Trade-Offs from Experimental Data

!  Positive example 
Feature Vector

"  Negative example 
Feature Vector

[u1, u2, . . . , uk]

[v1, v2, . . . , vk]

arg maxw ∑
i ∈ 0...k

wi (ui − vi)

Learning Algorithm
Learning to Rank 
with Linear SVM

Features
Violations of 

Design Constraints

Training Data
Pairs of Ranked 
Visualizations

w is the weight vector 
of the soft constraints

  : the number of 
violations of constraint   .
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[Moritz et al. 2019]



Voyager: Combine Specification and Recommendation  [Wongsuphasawat 2017]

Compared to existing tools, leads to over 4x more variable 
sets seen, and over 2x more variable sets interacted with.  

“The related view suggestion accelerates exploration a lot.” 

“I like that it shows me what fields to include in order to see a 
specific graph. Otherwise, I have to do a lot of trial and error 
and can't express what I wanted to see.” 

“These related views are so good but it’s also spoiling that I 
start thinking less. I’m not sure if that’s really a good thing.”
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E X A M P L E S :  
Exploratory Data Visualization 
Data Cleaning & Transformation 
Natural Language Translation



I spend more than half of my time 
integrating, cleansing and transforming 
data without doing any actual analysis. 
Most of the time I’m lucky if I get to do 
any “analysis” at all. 

Anonymous Data Scientist 
from our 2012 interview study









DataWrangler

Wrangler: Interactive Visual Specification of Data Transformation Scripts 
Kandel et al.  [CHI 2011]

http://homes.cs.washington.edu/~jheer/talks/pydata2017/#4


DataWrangler

Wrangler: Interactive Visual Specification of Data Transformation Scripts 
Kandel et al.  [CHI 2011]

Reduces specification time, promotes the use of reusable, 
scalable transformations rather than idiosyncratic edits.  

Complementarity: Suggestions good for tasks people found 
hard (extraction patterns, table reshaping). People good  in 
cases where inference is less tractable (arbitrary formulas). 

Agency: Users appreciated suggestions in response to an 
initiating interaction, but did not always act on proactive 
assistance, often preferring to maintain the initiative.

http://homes.cs.washington.edu/~jheer/talks/pydata2017/#4


https://www.trifacta.com/start-wrangling/


https://www.trifacta.com/start-wrangling/


Domain Specific Language (DSL)

Visualization and Interaction

Predictive Interaction

Data Outputwrite code, compile, run

View Result

visualize compile

Response Preview pickinteract predict

G U I D E D E C I D E

generate presentLift Ground



E X A M P L E S :  
Exploratory Data Visualization 
Data Cleaning & Transformation 
Natural Language Translation



Mid-Century Prospects for Automated Language Translation 

“Fully automatic, high quality translation is not a reasonable goal, 
not even for scientific texts. A human translator, in order to arrive 
at high quality output, is often obliged to make intelligent use of 
extra-linguistic knowledge which sometimes has to be of 
considerable breadth and depth.” 

“As soon as the aim of MT is lowered to that of high quality 
translation by a machine-posteditor partnership, the decisive 
problem becomes to determine the region of optimality in the 
continuum of possible divisions of labor.” 

Yehoshua Bar-Hillel  [Advances in Computers 1960]



Interactive Translation: An under-explored idea?

Proposed Interactive 
Translation Workflow 
[Kay et al., late 1960s]

Why never built? Hypotheses: 
Bias towards fully automated translation 
Automatic translation was poor 
Insufficient care for interface design 
[Green et al. CACM 2015]

http://idl.cs.washington.edu/papers/translation-ai-hci/
http://idl.cs.washington.edu/papers/translation-ai-hci/


Predictive Translation Memory (PTM)
(A) Source text interleaved 
with (B) target text. 
(C) Shaded words show 
coverage of translation. 
(D) phrase auto-complete 
and (E) full translation 
suggestions. 
Suggestions (D, E) adapt to 
user input in real-time. 
On-the-fly retuning enables 
domain adaptation by the 
machine translation system.

[Green et al. 2014]



Interactive Machine Translation Results
Experiments with professional translators, across language pairs (Arabic, 
French, German -> English) and text genres (software, medical, news). 

Results 
Post-editing of full machine translation leads to reduced time and improved 
quality over purely manual translation. 
Interactive translation with PTM slightly slower than post-editing, but results in 
higher quality translations, over 99% of characters entered via interactive aids. 
Re-tuning on interactive PTM input leads to significantly greater MT 
improvements than with post-editing, leading to fine-grained corrections. 
Concerns over agency: “less susceptible to be creative”; MT “distracts from my 
own original translation process by putting words in [my] head.” 

[Green et al. ’13, ’14]



E X A M P L E S :  
Exploratory Data Visualization 
Data Cleaning & Transformation 
Natural Language Translation



D E S I G N  C H A L L E N G E :  
Determine “regions of optimality” in 
possible divisions of labor among 
directed and automated actions.



Future Challenges



Design Process, Tools, & Monitoring 
How might we support productive prototyping, 
development, deployment, and monitoring of 
interactive systems using machine learning? 

Future Challenges



Design Process, Tools, & Monitoring 
How might we support productive prototyping, 
development, deployment, and monitoring of 
interactive systems using machine learning? 

Mapping Machine-Learned Representations 
Can ML methods suggest structural task models? 
Can people help test & constrain ML models? 

Future Challenges



Errudite: Reproducible & Testable Error Analysis of NLP Models  [Wu et al. ACL 2019]

Predictive Interaction for Model Error Analysis
(a)

(b)

A

How many brownish peaks are there?



Design Process, Tools, & Monitoring 
How might we support productive prototyping, 
development, deployment, and monitoring of 
interactive systems using machine learning? 

Mapping Machine-Learned Representations 
Can ML methods suggest structural task models? 
Can people help test & constrain ML models? 

Evaluating Trade-Offs of Agency & Automation 
Must go beyond result quality and productivity. 
Locus of control, agency vs. passive acceptance? 
Training and skill acquisition vs. de-skilled labor?

Future Challenges
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Agency + Automation


