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AGENDA

Eye-tracking
… as a feedback tool in 

teacher education

Discussion
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… as a feedback tool in 
chemistry education



EYE MOVEMENTS

Yarbus 1967 6
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Estimate 
economic level

Yarbus 1967

Remember 
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Examine the 
picture

EYE MOVEMENTS
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Land & Tatler 2009 & Yarbus 1967

GAZE & COGNITION

Eye movements and cognitive processes are interconnected. 
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Holmqvist et al.  2011, Duchowski 2017

Eye-tracker

EYE-TRACKING
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Screen-based

DATA COLLECTION
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Screen-based

Mobile

DATA COLLECTION
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Holmqvist et al.  2011, Duchowski 2017

EYE-TRACKING

Fixations
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Holmqvist et al.  2011, Duchowski 2017

EYE-TRACKING

Saccades
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Holmqvist et al.  2011, Duchowski 2017

EYE-TRACKING

What? How long?

In which order?
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Gaze plot Heat mapReplay

OUTPUT

Task prompt: Identify electrophilic centers.
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Questionnaires (e.g., surveys, reports, prior 
knowledge test, performance)

Verbal reports (e.g., think aloud)

Biometrics (e.g., electroencephalography, 
galvanic skin response)

METHODOLOGICAL TRIANGULATION

Holmqvist et al.  2011, Duchowski 2017 18



MARKETING

19Zamani et al.  2016

Influence of the car brand

Perodua Nautica Toyota Rush



PSYCHOLOGY
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Facial emotion recognition

Tsang 2018

…with 
autism spectrum disorder

…without 
autism spectrum disorder



EDUCATION
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Determine the configuration 
of the asymmetric carbon 
atoms (R/S configuration).
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EDUCATION

S SS
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EDUCATION

S S
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Diagnosis & Assessment

ET IN CHEMISTRY EDUCATION RESEARCH

Problem-solving strategies Expertise comparisons Usage of representations Evaluation of learning materials Cognitive demand Predictability
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Problem-solving strategies Expertise comparisons Usage of representations Evaluation of learning materials Cognitive demand Predictability

Pupils scantily used the periodic table 
and often memorized or guessed. 26

ET IN CHEMISTRY EDUCATION RESEARCH
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Learners Researchers

Experts Teachers

ET IN CHEMISTRY EDUCATION RESEARCH
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Learners Researchers

Experts Teachers

Learning

ET IN CHEMISTRY EDUCATION RESEARCH
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Diagnosis & Assessment

Problem-solving strategies Expertise comparisons Usage of representations Evaluation of learning materials Cognitive demand Predictability

Learners Researchers

Experts Teachers

Learning

Eye movement modeling examples

ET IN CHEMISTRY EDUCATION RESEARCH
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Diagnosis & Assessment

Problem-solving strategies Expertise comparisons Usage of representations Evaluation of learning materials Cognitive demand Predictability

Learners Researchers

Experts Teachers

Learning

Eye movement modeling examples

ET IN CHEMISTRY EDUCATION RESEARCH
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Teaching expertise development



Diagnosis & Assessment

Problem-solving strategies Expertise comparisons Usage of representations Evaluation of learning materials Cognitive demand Predictability

Learners Researchers

Experts Teachers

Learning

Eye movement modeling examples Teaching expertise development Scientific expertise development

ET IN CHEMISTRY EDUCATION RESEARCH
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Diagnosis & Assessment

Problem-solving strategies Expertise comparisons Usage of representations Evaluation of learning materials Cognitive demand Predictability

Learning

NOVEL WAYS

Eye movement modeling examples

32

Teaching expertise development Scientific expertise development



Designing multimedia learning materials &

investigating the perceptual process of the learner



OUR GOAL

Supporting

learning material design

by

offering insight into learners’ visual behavior.

34Langner et al. 2022



Langner et al. 2022

COURSE DESIGN
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COURSE DESIGN
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COURSE DESIGN
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COURSE DESIGN
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Langner et al. 2022

COURSE DESIGN
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Langner et al. 2022

COURSE DESIGN
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Langner et al. 2022

TEACHING EXPERTISE DEVELOPMENT

…skills to create, select, and 
design learning material. 

1 2 3 54

Mul�media
learning

Mul�media
design

Theories

Chemistry

...fosters
learning!

Meaningful
mul�media

design...
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The course increased student teachers… 

…attitude and self-efficacy toward 
digital media use in teaching.



An eye-gaze-augmented retrospective

in Organic Chemistry



OUR GOAL

Supporting

students’ problem-solving

with

an eye-gaze-augmented retrospective.

43Langner & Graulich 2024



STUDY DESIGN

44Retrospective based on ALACT-model of Korthagen 1985
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STUDY DESIGN
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STUDY DESIGN

49Retrospective based on ALACT-model of Korthagen 1985



SCIENTIFIC EXPERTISE DEVELOPMENT

50Langner & Graulich 2024



SCIENTIFIC EXPERTISE DEVELOPMENT
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SCIENTIFIC EXPERTISE DEVELOPMENT
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SCIENTIFIC EXPERTISE DEVELOPMENT
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SCIENTIFIC EXPERTISE DEVELOPMENT
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SCIENTIFIC EXPERTISE DEVELOPMENT

55

The eye-gaze-augmented retrospective…

…stimulated 
more consistent 
eye-movements.

…did not influence 
students’ success.



SCIENTIFIC EXPERTISE DEVELOPMENT
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The eye-gaze-augmented retrospective…

…stimulated 
more consistent 
eye-movements.

…did not influence 
students’ success.



CONCLUSION

57

1 2 3 54

Mul�media
learning

Mul�media
design

Theories

Chemistry

...fosters
learning!

Meaningful
mul�media

design...

Eye-tracking isn't just a 
diagnostic tool; it can also 
serve as a feedback tool.



THANK YOU! 

Do you have questions?

What are your thoughts?

What should (chemistry education) 
eye-tracking research focus on?



ADDITIONAL SLIDES

X



Eye-Tracking for Chemistry 
Education Researcher

Eye-Tracking Guide Eye-Tracking Guide

LITERATURE RECOMMENDATIONS
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Screen-based

Mobile

DATA COLLECTION

VR-Eye-Tracking
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Just & Carpenter 1980, Land & Tatler 2009, Duchowski 2017

Immediacy 
assumption

Relevant information in 
gaze center

Eye-mind 
assumption

Covert & overt attention 
directed to the same stimulus

ASSUMPTIONS
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best performer worst performer

63Klein et al. 2018

VISUAL BEHAVIOR… IN VECTOR FIELD PLOTS

Interpret the divergence of this vector field.



Areas of Interest (AOI)

Number of fixations
Fixation duration
Gaze proportion
Gaze path
Transition
Revisits 
Time to first revisit
First five fixations
Time to first fixaiton
Time of first visit
Dwell time
Saccade angle
Pupil dilation
Blinks
…

Metrics

Für weitere Informationen siehe Holmqvist et al.  2011

DATA ANALYSIS
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Limited-radius 
Voronoi tesselation

Task 1 Task 2

65Langner et al. (2025)

DATA PREPARATION

Defining Areas of interest (AOIs)



Fixation duration: Visual attention distribution (Richter & Scheiter  2019)

Information processing (Desjarlais  2017)

Working memory capacity(Holmqvist et al.  2011)

Integration process (Alemdag & Cagiltay 2018)

Chunking (Holmqvist et al.  2011)

Comprehension process (Scheiter & Eitel 2017)

Effort of information integration (Mason et al. 2013)

prior knowledge (Scheiter & Eitel 2017)

Expertise level (Topczewski et al. 2017)

Transfer performance (Scheiter & Eitel 2017)

Success (Krebs et al. 2019)

Layout evaluation (Holmqvist et al.  2011)

Importance of information (Holmqvist et al.  2011)

task complexity (Holmqvist et al.  2011)

…

Transitions:

DATA INTERPRETATION

Attention (Desjarlais 2017)

Information processing (Clinton  2017)

Difficultiy (Holmqvist et al. 2011)

Organisation process (Alemdag & Cagiltay 2018)

Cognitive load (Tang & Pienta 2012)

Comprehension process (Cullipher et al. 2018)

Task complexity (Cullipher et al. 2018)

Expertise level (Baluyut & Holme 2019)

Layout evaluation (Gegenfurtner 2011)

Distractors (Duchowski 2002)

Interest (Desjarlais 2017)

…
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Diagnosis & Assessment

Problem-solving strategies Expertise comparisons Usage of representations Evaluation of learning materials Cognitive demand Predictability

Beginner students exhibit 
more focused behavior.

67

ET IN CHEMISTRY EDUCATION RESEARCH



13

Diagnosis & Assessment

ET IN CER

Problem-solving strategies Expertise comparisons Usage of representations Evaluation of learning materials Cognitive demand Predictability

Underlying assumptions show different gaze patterns.



15

Diagnosis & Assessment

ET IN CER

Problem-solving strategies Expertise comparisons Usage of representations Evaluation of learning materials Cognitive demand Predictability

No differences in learning gains while using 
instructor-led screencasts vs. simulations. 

But eye-tracking data revealed:
- screencasts may allow students to better 
integrate different levels of Johnstone 
triangle
- screencasts students may have lower 
cognitive demand

Recommendation: Use screencasts to introduce simulations



DISCUSSION

Pros: 
• objective, non-invasive sensor 
• real-time data
• rich and more detailed data
• unique (visual attention)

Cons:
• expensive
• time-consuming
• challenging

Thoughts: 
• Can be replaced by some methods (e.g., pupil dilation vs. questionnaire), but not all
• Quality of research various highly
• Every ET-research is also methodology research how to use ET in CER
• Potential not exhausted 

25
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