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New AI capabilities enable opportunities to enhance 
information-heavy sources.
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Recent AI advancements support unprecedented 
levels of work in fine-grained augmentations.



In this thesis, I aim to show that 
fine-grained augmentations can 

help users understand 
information-dense documents.
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user-centered approach
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1. Needs-finding study 
2. Case study of prototype 
3. Behavioral analysis 
4. Proposed work + timeline

Presentation Structure

Questions are 
welcome after each 

section



1. Needs-finding study

81. Needs-finding study   2. Case study of prototype 3. Behavioral analysis   4. Proposed work + timeline
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Motivation: understand user needs for fine-grained augmentations 

Method: observe users cooking at home with voice assistant 

Outcome: definition of user challenges and potential augmentations

?
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We recruited 12 participants to cook 
with an Alexa Echo Dot.

Alexa

5

4

3

2

1

Self-Reported Cooking Skill

daily

weekly

monthly

< monthly

never

Prior Voice Assistant Use
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Participants cooked and annotated 
recipes of their choice in their homes.
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We observed 9 types of challenges 
during the user study sessions.

• Missing the big picture 
• Information overload 
• Fragmentation 
• Time insensitivity 
• Missing details 
• Discarded context 
• Failure to listen 
• Uncommunicated affordances 
• Limitations of audio
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We observed 9 types of challenges 
during the user study sessions.

Put the avocados in a large bowl 
and gently toss with the 

tomatoes, lemon juice, shallots, 
2 tablespoons oil, 1/2 teaspoon 

salt and the reserved herbs. 
Transfer to a serving bowl.

Herb-Roasted Salmon with Tomato-Avocado Salsa, Food Network

• Missing the big picture 
• Information overload 
• Fragmentation 
• Time insensitivity 
• Missing details 
• Discarded context 
• Failure to listen 
• Uncommunicated affordances 
• Limitations of audio

https://www.foodnetwork.com/recipes/valerie-bertinelli/herb-roasted-salmon-with-tomato-avocado-salsa-8121686
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We propose 8 augmentations to 
enhance the source material.

• Missing the big picture 
• Information overload 
• Fragmentation 
• Time insensitivity 
• Missing details 
• Discarded context 
• Failure to listen 
• Uncommunicated affordances 
• Limitations of audio

• Summarize 
• Signpost 
• Split 
• Elaborate 
• Volunteer 
• Reorder 
• Redistribute 
• Visualize 
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We propose 8 augmentations to 
enhance the source material.

• Missing the big picture 
• Information overload 
• Fragmentation 
• Time insensitivity 
• Missing details 
• Discarded context 
• Failure to listen 
• Uncommunicated affordances 
• Limitations of audio

• Summarize 
• Signpost 
• Split 
• Elaborate 
• Volunteer 
• Reorder 
• Redistribute 
• Visualize 

Put the avocados in a large bowl 
and gently toss with the 12 

ounces of halved tomatoes,  2 
tablespoons lemon juice, 1 small 
diced shallots, 2 tablespoons oil, 

1/2 teaspoon salt and the 
reserved herbs. Transfer to a 

serving bowl.

Herb-Roasted Salmon with Tomato-Avocado Salsa, Food Network

https://www.foodnetwork.com/recipes/valerie-bertinelli/herb-roasted-salmon-with-tomato-avocado-salsa-8121686
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Needs-finding study outcome

1. Needs-finding study   2. Case study of prototype 3. Behavioral analysis   4. Proposed work + timeline

User challenges grounded 
in realistic study scenario

Potential fine-grained 
augmentations

“Rewriting the Script: 
Adapting Text Instructions for 
Voice Interaction” (DIS 2023)



2. Case study of prototype

241. Needs-finding study   2. Case study of prototype 3. Behavioral analysis   4. Proposed work + timeline
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Motivation: observe fine-grained augmentations for real task 

Method: implement prototype to support reading info-dense docs 

Outcome: augmented reading interface for research papers 
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The features in our prototype were generated with a 
backend AI pipeline.

`

Research paper

figure

caption/body 

entities

entities

figure scans

points

phrases

GPT-4o

GPT-4o

GPT-4o

Molmo

GPT-4o
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For the formative study, we recruited 10 participants 
representing a range of fields and reading preferences.

PhD, physics, laptop + tablet

PhD, history of science 
& technology, laptop

PhD, operations, printed

PhD, operations, 
laptop + notepad

PhD, CS, tablet

PhD, CS, laptop + notepad

PhD, CS, laptop

PhD, CS, laptop

PhD, CS, printed

Postdoc, anthropology, printed



`

Fragmentation

`

!?

Complexity

`

●●●

Interpretation Visibility

`

Searching
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We discovered several reading challenges.
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We discovered several reading challenges.

Visibility



`

Searching
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We discovered several reading challenges.
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We developed a prototype of fine-grained 
augmentations to address these challenges.
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Summon more info by clicking on points or phrases.

Visibility

Fragmentation

`
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Consolidate scattered details in the reference panel.

Visibility

`

Searching

Fragmentation

`
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Read figures one step at a time with figure scans.
`

Complexity

!?

`

Interpretation

●●●
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Jump directly to specific figures with the visual index.
`

Searching
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The features in our prototype were generated with a 
backend AI pipeline.

`

Research paper

figure

caption/body 

entities

entities

walkthroughs

points

phrases

GPT-4o

GPT-4o GPT-4o

GPT-4o

Molmo
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We identified figure entities with GPT-4o.

`

Research paper

figure entities

GPT-4o
• Source Design 
• Heuristics 
• Parse Result 
• …
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We then had Molmo mark the entities on the figures.

`

Research paper

figure entities

points

GPT-4o
Molmo
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`

Research paper

figure entities

points

GPT-4o

GPT-4o figure scans

We generated descriptions of each entity with GPT-4o.

Molmo
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We identified important phrases with GPT-4o.

`

Research paper
caption/body entities

phrases

GPT-4o GPT-4o

figure entities

points

GPT-4o

figure scans
GPT-4o

Molmo
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We connected points and phrases through 
matching entities.

`

Research paper

figure

caption/body 

entities

entities

points

phrases

GPT-4o

GPT-4o GPT-4o

figure scans
GPT-4o

Molmo
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We connected points and phrases through 
matching entities.

`

Research paper

figure

caption/body 

entities

entities

points

phrases

GPT-4o

GPT-4o GPT-4o

figure scans
GPT-4o

Molmo
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Case study of prototype outcome

Fine-grained augmented 
reading interface based on 

formative study

AI pipeline for generating 
entities, points, phrases, and 

descriptions

1. Needs-finding study   2. Case study of prototype 3. Behavioral analysis   4. Proposed work + timeline

In preparation



3. Behavioral analysis

541. Needs-finding study   2. Case study of prototype 3. Behavioral analysis   4. Proposed work + timeline
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Motivation: understand effect of fine-grained augmentations 

Method: observe reading with previously developed prototype 

Outcome: analysis of strengths and weaknesses of augmentations
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We recruited 14 HCI researchers to read a 
research paper with our prototype on Zoom.

Research Experience Level

undergrad student

master’s student

PhD student

research scientist

professor
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Avoid interference from lack 
of domain knowledge

Single paper due to 
technical limitations

Smaller number of 
participants to prioritize 
depth of observations

1-hour session: think-aloud 
reading activity + semi-
structured interviewResearch Experience Level

undergrad student

master’s student

PhD student

research scientist

professor

We recruited 14 HCI researchers to read a 
research paper with our prototype on Zoom.
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Participants used augmentations in several ways.

• Open exploration through bidirectional links 
• Structured guidance through figure scans 
• Reduction of search effort through reference panel
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Participants used augmentations in several ways.

• Open exploration through bidirectional links 

Participant 6, sped up 400%
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Participants used augmentations in several ways.

• Structured guidance through figure scans

Participant 11, sped up 300%
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Participants used augmentations in several ways.

• Reduction of search effort through reference panel

Participant 5, sped up 500%, Google Docs footage excluded
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The use of augmentations presented figure-centric 
reading patterns.

“honeybee path”: exploring 
multiple points at a time for 

the same figure

“slow dive”: inspecting many parts 
of a figure before moving on
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3. Behavioral analysis outcome

Fine-grained augmentations 
supported open exploration, 
structured guidance, faster 

searching

Figure-centric reading 
patterns with augmentations

1. Needs-finding study   2. Case study of prototype 3. Behavioral analysis   4. Proposed work + timeline

In preparation



4. Proposed work + timeline

641. Needs-finding study   2. Case study of prototype 3. Behavioral analysis   4. Proposed work + timeline
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We propose extending the previous study 
to include a comparison to a baseline.

?
~30 Penn undergrads

Quiz
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Tasks include…

• Revise + resubmit recent paper 
• Update prototype 

• Fix errors 
• Regenerate walkthroughs 
• Possibly replace current paper with shorter one 

• Write quiz questions 
• Run pilot studies (informal practice + feedback sessions) 
• Run ~30 user studies (possibly in groups) 
• Write and defend dissertation



• August 4: proposal presentation 

• September: begin job search, resubmit paper, prepare prototype 
• Sept. 11: resubmission deadline 

• October: run user studies 

• November: address committee feedback, prepare for defense  
• Nov. 24-26: defense (before Thanksgiving) 

• December: finish dissertation revisions, graduate 
• Dec. 11: last day to deposit dissertation

67
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• Revise + resubmit recent paper 
• Update prototype 

• Fix errors 
• Regenerate walkthroughs 
• Possibly replace current paper 

with shorter one 
• Write quiz questions 
• Run pilot studies (informal practice 

+ feedback sessions) 
• Run ~30 user studies (possibly in 

• August 4: proposal presentation 
• September: begin job search, 

resubmit paper, prepare prototype 
• October: run user studies 
• November: address committee 

feedback, prepare for defense  
• December: finish dissertation 

revisions, graduate

Thank you! Questions?


