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Ready… Set… Read

Leading water scientists have issued one of the sternest warnings yet about global food 

supplies, saying that the world’s population may have to switch almost completely to a 

vegetarian diet by 2050 to avoid catastrophic shortages. Humans derive about 20% of their 

protein from animal-based products now, but this may need to drop to just 5% to feed the 

extra two billion people expected to be alive by 2050, according to research by some of the 

world’s leading water scientists. “There will not be enough water available on current 

croplands to produce food for the expected nine-billion population in 2050 if we follow 

current trends and changes towards diets common in western nations,” the report by Malik 

Falkenmark and colleagues at the Stockholm International Water Institute (SIWI) said.
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Q: According to Malik Falkenmark’s report, what will happen if the 
world adopts the current diet trends of western nations?
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A: By 2050, animal-based 
protein consumption will 
reduce from 20% to 5%

B: By 2050, nine billion 
people will not have 
enough drinking water

C: There will not be 
sufficient water to grow 
enough food for everyone

D: Obesity rates around the 
world will rise
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What physiological or behavioral cues 
might reveal comprehension level, 
bypassing the need for answering 

traditional comprehension questions?
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Eye-Movements Based Comprehension Prediction 
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Q: What will result from an increase in human population in the future?

CORRECT

Eye-Movements Based Comprehension Prediction 
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Data

Textual Materials – OneStopQA

Eye Tracking Experiment – OneStop Eye 
Movements
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OneStopQA (Berzak 2020) 

Eye Movements in Information-Seeking Reading 15

Q: What will result from an increase in human population in the future?

a) More pressure on farming resources

b) One billion people will not have enough food

c) The level of greenhouse gases will increase by 35%

d) Food quality will decrease

• Multiple-choice question-answering dataset

15

In the next 30 years, the planet’s human population will increase to nine billion. Already one billion 

people do not get enough food. The increase will put more pressure on agricultural land, water, forests, 

fisheries and resources, and also food and energy supplies. The cost of meat is increasing – it costs 

more money now, but also people have to destroy a lot of rainforest to make fields or to grow food for 

cows. Cows also make methane. The farming of cows, pigs and sheep makes very large amounts of 

greenhouse gases – 35% of the planet’s methane, 65% of its nitrous oxide and 9% of the carbon 

dioxide.

onestop_qa



Data

Textual Materials – OneStopQA

Eye Tracking Experiment – OneStop Eye 
Movements
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Eye Tracking Experiment
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Gathering
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Gathering
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Gathering
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Over the next 30 years, the planet's human population will increase to nine 

billion. Already one billion people do not get enough food. The increase will 

mean more pressure on agricultural land, water, forests, fisheries and 

biodiversity resources, as well as nutrients and energy supplies. The cost of 

meat is rising, not just in terms of hard cash but also in terms of the amount 

of rainforest that is destroyed for grazing or to grow feedstuff for cattle. There 

is also the issue of methane excreted by cows. The livestock farming 

contribution, in terms of greenhouse gas emissions, is enormous – 35% of 

the planet's methane, 65% of its nitrous oxide and 9% of the carbon dioxide.



Gathering
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What will result from an increase in human population in the future?
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a) One billion people will not  
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d) The level of greenhouse gases 

    will increase by 35%

c) Food quality will decrease
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Gathering
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INCORRECT



Hunting
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Hunting
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What will result from an increase in human population in the future?



Hunting

Fine-Grained Prediction of Reading Comprehension from Eye Movements 29

p



Hunting
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Over the next 30 years, the planet's human population will increase to nine 

billion. Already one billion people do not get enough food. The increase will 
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meat is rising, not just in terms of hard cash but also in terms of the amount 
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Hunting
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Hunting
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What will result from an increase in human population in the future?
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Hunting
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Hunting
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CORRECT



Experiment Details
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HuntingGathering

±20k answers

× 𝟓𝟒 Passages
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Comprehension Prediction Framework

Task Variations

Eye Movements Representation

Text & Eye Movements Modeling
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Task Variations

Binary

Multiclass
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Binary Reading Comprehension
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Q: What will result from an increase in human population in the future?

CORRECT



Multiple-choice Question Answering
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Comprehension Prediction Framework

Task Variations

Eye Movements Representation

Text & Eye Movements Modeling
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Representing Eye Movements

...

Featur e

Extr a ct ion
Segmentat ion
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CNN wants to change its viewers’ habits.
1 2 3 4 5 67 8



Comprehension Prediction Framework

Task Variations

Eye Movements Representation

Text & Eye Movements Modeling
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Modeling
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Pre-integration (RoBERTa-Qeye)

1.  

2. Concatenate as embedding-level input 

(soft prompting)
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Wor d EmbeddingEye Project ion

Concat

Classifier

LM 

Token Type 
Embedding

Positional
Embedding

Linear 
Projection

1. Projection to word-representation space



Mid-integration (MAG-Qeye)

Inject word-level eye-movement 

representations into mid-layer token 

representation

Fine-Grained Prediction of Reading Comprehension from Eye Movements 48

Classifier

LM 
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Wor d Embedding

Based on Rahman 2020
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Post-integration (PostFusion-Qeye)

1. Encode Words and eye-movements 

separately

2. Query Eye-movement representations 

over 

text representations

3. Query the result over the question 

representation
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Baseline - Text-only RoBERTa
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𝐸𝑦𝑒𝑡𝑡𝑒𝑛𝑡𝑖𝑜𝑛 
(𝐷𝑒𝑛𝑔 𝑒𝑡 𝑎𝑙 2023)

𝐵𝐸𝑦𝑒𝐿𝑆𝑇𝑀 
(𝑅𝑒𝑖𝑐ℎ 𝑒𝑡 𝑎𝑙 2022)

Prior Approaches

𝐶𝑁𝑁 
(𝐴ℎ𝑛 𝑒𝑡 𝑎𝑙 2022)

Logistic Regression 
(Mézière et al 2023)

Logistic 
Regression

Individualized Comprehension
Prediction

Next Fixation 
Prediction
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Item-Participant Cross Validation
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Evaluation Metric
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Results – Binary Prediction
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Results – Multiclass Prediction
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Takeaways
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Fine-grained reading comprehension prediction 
is hard

Moderate improvements over a text-only 
baseline are achievable.

Reading goals matter (information-seeking is 
harder)



Fine-Grained Prediction of Reading Comprehension from Eye Movements

lacclab.github.io   
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LaCC Lab

Fine-grained reading comprehension prediction 
is hard

Moderate improvements over a strong 
text-only baseline are achievable.

Reading goals matter (information-seeking 
is harder)



Appendix
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Results – Binary Comprehension Prediction
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Results - Multiclass
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OneStop – Eye Tracking Experiment

Two between-subjects conditions:

• Hunting (information-seeking)

• Gathering (ordinary reading)
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Question Passage Question Answers

Passage Question Answers



Task Effects in Reading
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Task Effects in Reading
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Hunting (with question preview)
Q: What will result from an increase in human population in the future? 

Gathering (no question preview)

Adapted from Malmaud J, Levy R, Berzak Y., Bridging Information-Seeking Human Gaze and Machine Reading Comprehension, ACL 2020 



Task Effects in Reading
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Hunting (with question preview)
Q: Which of these is mentioned as a cost of meat? 

Gathering (no question preview)

Adapted from Malmaud J, Levy R, Berzak Y., Bridging Information-Seeking Human Gaze and Machine Reading Comprehension, ACL 2020 

Malmaud et. al. found shorter reading times in Hunting, out of the critical span



CNN wants to change its viewers’ habits.

How do people read?

Fine-Grained Prediction of Reading Comprehension from Eye Movements 67

Fixations



CNN wants to change its viewers’ habits.

How do people read?
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Saccades



CNN wants to change its viewers’ habits.

How do we model reading?
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• Raw millisecond-level X Y screen coordinates

• Fixation / Scanpath measures

• Word-level measures

• Global



OneStopQA – STARC Annotation Framework (Berzak 2020) 

• Multiple-choice question-answering dataset

• Structured distractors
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Q: What will result from an increase in human population in the future?

A) More pressure on farming resources

B) One billion people will not have enough food

C) The level of greenhouse gases will increase by 35%

D) Food quality will decrease
Degree of comprehension

Critical span:

Information essential for 

answering the question.

In the next 30 years, the planet’s human population will increase to nine billion. Already one billion 

people do not get enough food. The increase will put more pressure on agricultural land, water, forests, 

fisheries and resources, and also food and energy supplies. The cost of meat is increasing – it costs 

more money now, but also people have to destroy a lot of rainforest to make fields or to grow food for 

cows. Cows also make methane. The farming of cows, pigs and sheep makes very large amounts of 

greenhouse gases – 35% of the planet’s methane, 65% of its nitrous oxide and 9% of the carbon 

dioxide.

Distractor 
span



What physiological or behavioral cues 
might reveal comprehension level in 

real time?
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