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Research questions

1. What challenges do users face when synthesizing 
ideas within complex documents? 

2. How can we systematically represent connections 
between ideas to make them easier to find? 

3. Does surfacing these connections measurably 
improve comprehension?



Thesis statement: exposing connections 
between related details in complex 
documents can improve comprehension 
without penalizing time or cognitive load.
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Presentation structure

1. Needs-finding study 
2. Framework design 
3. Instantiation 
4. Evaluation 
5. Findings
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1. Needs-finding study
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Goal: understand user needs when integrating individual details 

Method: observe users cooking at home with voice assistant 

Outcome: definition of user challenges and potential augmentations
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9 common challenges

1. Missing the big picture 
2. Information overload 
3. Fragmentation 
4. Time insensitivity 
5. Missing details 
6. Discarded context 
7. Failure to listen 
8. Uncommunicated affordances 
9. Limitations of audio
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1. Missing the big picture 
2. Information overload 
3. Fragmentation 
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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

9 common challenges

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

https://www.foodnetwork.com/recipes/valerie-bertinelli/herb-roasted-salmon-with-tomato-avocado-salsa-8121686
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9 Common Challenges

1. Missing the big picture 
2. Information overload 
3. Fragmentation 
4. Time insensitivity 
5. Missing details 
6. Discarded context 
7. Failure to listen 
8. Uncommunicated affordances 
9. Limitations of audio

Participants 
needed help 
acquiring the 

right information 
at the right time.

What challenges 
do users face 
when synthesizing 
ideas within 
complex 
documents? 
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2. Framework design

20



21

Goal: develop a method to expose connections between related info 

Method: iterative design with feedback from think-aloud user studies 

Outcome: framework for fine-grained augmentations 
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Listening to recipes ➔ reading papers
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Fragmentation
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Complexity
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Interpretation Visibility

`

Searching
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Reading challenges
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Visibility

Reading challenges
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Reading challenges
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`

Basic units of the framework

entities: discrete, interpretable, semantically 
meaningful items within a document 

e.g., object in a photo, jargon, data in a chart or 
table, element in a diagram, claim in a passage
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links: relationships between entities 

e.g., supporting evidence, definition, 
contradiction, similar ideas, elaboration

Basic units of the framework

`
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`

Basic units of the framework

Now that we 
have an abstract 
framework, we 
need a concrete 

example.



3. Instantiation
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Goal: develop a concrete version of the framework 

Method: implement augmentations for a research paper 

Outcome: fully functional augmented reading interface
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AI pipeline

`
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Figure entity extraction with GPT-5

`

Research paper

figure entities

GPT-5
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Coordinate identification with Molmo

`

Research paper

figure entities

points

GPT-5

Molmo
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Research paper

figure entities

points

GPT-5

GPT-5 figure scans

Description generation with GPT-5

Molmo



43

Phrase entity extraction with GPT-5
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Research paper
caption/body entities

GPT-5

figure entities
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GPT-5
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Links through matching entities
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Links 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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Links between 
entities. For 

papers: figure 
points and text 

highlights.
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How can we 
systematically 
represent 
connections between 
ideas to make them 
easier to find?
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4. Evaluation
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Goal: determine if the framework improves comprehension 

Method: between-subjects study with reading session and quiz 

Outcome: gains in accuracy without increase in time or cognitive load
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Study design

25m

between-subjects
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Participants

18 official (38 pilot)
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18 official (38 pilot)

senior undergrad

Academic year accelerated master’s

(13)
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Participants

18 official (38 pilot)

computer science

Majors

math

finance

systems engineering

(14)
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Participants

18 official (38 pilot)

0 4

Years of research experience
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Participants

18 official (38 pilot)

3 6

Level of comfort reading research papers

58

5



Participants

18 official (38 pilot)

1 6

Familiarity with field of stimulus paper
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Data collected

Quiz scores Time to 
completion NASA TLX Interviews Screen 

recordings
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Data collected

Quiz scores Time to 
completion NASA TLX Interviews Screen 

recordings

Evaluated with a rubric by 2 external 
annotators (Krippendorff ’s α = 0.75) 
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Data collected

Quiz scores Time to 
completion NASA TLX Interviews Screen 

recordings

In the final section, we will 
analyze the data and discuss its 
implications on our framework.
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4. Findings
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Significant improvement in response quality
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Significant improvement in response quality
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Our framework helped more for 
moderate distances (with opportunity 

for future work on far distances).
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No meaningful difference in duration
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No meaningful difference in duration
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Participants using our tool did not 
need to work longer to do better.



No meaningful difference in cognitive load
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No meaningful difference in cognitive load
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Participants using our tool did not 
need to work harder to do better.



Our framework improved 
response quality without 
increasing time to completion or 
cognitive load.
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Does surfacing these connections measurably improve 
comprehension?
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Reinforced by qualitative findings

• Reduced navigational burden: reference panel and visual index 
• Ease of searching: figure points 
• Increased engagement through verification 
• Simultaneously developing mental map of information layout
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Significant preference for our framework
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Future work in fine-grained 
integration of information
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Living with and 
mitigating AI errors
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Living with and 
mitigating AI errors

Designing for 
different media types

`
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Living with and 
mitigating AI errors

Designing for 
different media types

Interacting through 
different modalities

`
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Summary
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1. Challenges 
2. Representations 
3. Improvements

synthesizing scattered details

fine-grained augmentations

quality w/o inc. time or cog. load
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Thank you! 

Questions?


