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Eve-Tracking as a Feedback Tool
in Education
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Examine the
picture

Yarbus 1967 7
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EYE MOVEMENTS

Examine the Remember
picture clothing

Yarbus 1967 8
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GAZE & COGNITION

Eye movements and cognitive processes are interconnected.

Land & Tatler 2009 & Yarbus 1967
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EYE-TRACKING

Holmgvist et al. 2011, Duchowski 2017

Eye-tracker
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DATA COLLECTION

Screen-based
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DATA COLLECTION

Screen-based

Mobile
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EYE-TRACKING

Fixations

Holmqvist et al. 2011, Duchowski 2017
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EYE-TRACKING

Saccades
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EYE-TRACKING

)

What?

How long?
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In which order?

Holmqvist et al. 2011, Duchowski 2017

JUSTUS-LIEBIG-
UNIVERSITAT

GIESSEN

16




RAULICH

_ Ro U p JUSTUS-LIEBIG-
O UT P UT Chemistry Education Research g:g\sngNSETAT
Task prompt: Identify electrophilic centers.
0

Replay Gaze plot Heat map
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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)

Holmgvist et al. 2011, Duchowski 2017
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MARKETING

Influence of the car brand

Perodua Nautica

Zamanietal 2016

Toyota Rush
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PSYCHOLOGY

Facial emotion recognition

...with
autism spectrum disorder

...without
autism spectrum disorder

Tsang 2018
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EDUCATION

Determine the configuration
of the asymmetric carbon
atoms (R/S configuration).
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Problem-solving strategies

Expertise comparisons

Diagnosis & Assessment

Usage of representations
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ABSTRACT: Advancements in organic chemistry dopend upon chemists’ ahility to
interpret NMR spectra, though research demanstrates that cultivating such proficiency
requires years of graduate-Jevel study. The organic chemistry community thus needs
inught into how this develops to expedite leaming among its nowest
members. This study svestigated undesgraduate and doctoral chemstry students’
understanding and information processing during the interpretation of 'H NMR.
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Students’ Procedure When Solving Problem Tasks Based on the
Periodic Table: An Eye-Tracking Study
Martina Téthovd, Martin Rusek,* and Vlastimil Chytry

Cite This: L Chem Educ. 2021, 58, 1831 1840 E Read Online
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ABSTRACT: This work is focused on upper-secondary school students’ ability to use the periodic table of elements to sokve
problem tasks. Eye-tracking and retrospective think-aloud methods were used to evaluate the ressoning behind the students” (N = 8)
performance, .., :umpmemuyamqnxawpmbkm mqﬁ‘dmmm‘mmmmsmh eye tracker
were sub dto time fixation duration eval d areas of interest. The think-2loud method
supporting the ey:-uaimg vocoed together wil the stident’ bcunitions e bl s qualitative analysis of the students’
procedare. Most of the studeats failed the tasks. The main reason was these ack of fandamental knowisdge togethe with low reading

wid problscosching sl fn sddition toa bick of motivaticn o wol e tors demisiing taaks. Their Enowledge sud sbility 46 e the
pesidic table was provd nuficin to the comespanding curicua obecive. The students oty wed xpuive sirsegs,
however, due to some problems (eg., Jow prior k reading), they used limiting strategies

(e.g, deducing from the task structure or guessing answers), and failed S s Theas viiins alhr = sold Sobiviutoe e
subsequent steps toward improving classroom practice, which stresses the need to focus on pmum salving and strategy
development more during (chemistry) lessons. Alio, the results call for extra support for the periodic table’s teaching conception.
KEYWORDS: High School/Introductory Chemustry, Chemical Education Research, Problem Solving/Decision Making,
Testing/Assessment, Periodicity/Periodic Table
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Supporting the information selection process

Data collection
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How the usage of the coherence principle

supports the success of learning material

- an eye-tracking study.
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Justus-Lisbig-University Giessen, Germany
Institute of Chemistry Education
This poster was designed in the course

“Chemistry Education 3: e-Learning”

James Smith

Mary J

Theory

When editing lsaming materials various design principles could be
addapted which potentially reduce the cogrtive load of the instructionsl
design (Extranecus Cogritive Load). One of those principies = the
coherence principle. This principle. demands that caly infarmation,
which sacve the understanding of the task. are presented in the design

Results of quantitative analysis

+ Positive example: focus of faations on electric charge of the amino
acics as well 83 the poles of the filter paper

* Negalive cxampie; focus of fxations on irelevant text and the term
“imaelectic paint (EPY” (cf heatmaps)

OF the task. Imefevant detals can be distractng and lead the of
the leamer away from relevant informatian, M1

Research Question
Are relevart information rarer locked at when rot applying the
coharance peinciple? Do the participants have dificultios solving the
task due 1o impaiment of integration and 5019cton Processes?

Study Design and Case Comparison

* Study desgn: Setveen sublect design

+ Case comparisan: design principle appsed (positive example) or ot
applied [negative example}

ety IC\
* Dota coliection via eye-tracking |
* Hardaare; Tobii Pra eye-tracker 3

X3120
* SolteareTobaProlsb 777777 = s wa
* Recarding eye movements
+ Flxations as moments af A
swsing (B
+ Audio recordin )
[methogalogical triangulation)
Overview of study ne-.y- and case
comparison
botsom noqtlnvo-vml ]
Data analysis

+ Defining Areas of Interest (A0I)

+ Using varicus metrics (qualitative description of the duration 5/ and
percentage of fixation duration of an AOE of the total fixation time %)

+ Evabsation of task solving success (scoring)

Aroasof Usnes Mo Bk, groanh, e o, b, “GaR”(bgur, e¥ane]
w0 “erwirvmrie infor” (relevant ivommation, red). “Grafie” corses the et
-sum.'m(mmawgemmmm.

Hecumaps Compatison of ditibution of visul atwation butwesn posiie (eft)

Results of quantitative analysis

+ Focus on the figure in the negative example is carer than n the
positive example (. bar chart)

+ Shift of attention to irrievant information in the negative exampée (cf
pie chart)

Pie charts: relative Sation duration (percsntage of Sxaton duration of an ACE of
e Ouft) and

o womstion

Scoring
* More suceasshul task solving in positive examples

Senving: success of panicipants when soiving 1he task examples

P -ttt
1, A e k. Wik e i, 1 L B & < Ve € ¥ B Comartiy e byt
el

T Vo b 158 X

p
Conclusion

+ Anaiyzing the data showed: electric charge of moleades in negative
example less focused and AOI “Figure® viewed shorter

* Negative example comelated with fess success in soluing the task (ct
Scoring), which indicates dificulties In integration and selection
procesces.

+ Non.use of the coherence principle can lead to less focusing on
relevant information as well as difficulties in solving the task.
Therefore, using the coherence principle when designing
learning material can be dassified as reasonable.

Langner et al. 2022
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TEACHING EXPERTISE DEVELOPMENT

CER Graulich Group

84 = ==
Gess” slicie s .
The course increased student teachers...
none low  medium high
c d i
digital é&iﬂ;“mi?n‘;’.’é — 10 constructs median

Attitude (pre) 3.00
) . Attitude (post) 328
Dﬁgﬂhmﬂﬁ";iiﬁgg 7j Subjective norm expectations (pre) 2.75
Subjective norm expectations (post) 3.00
) ) Self-efficacy expectations (pre) .14
Sielodt il medlis 2] 10 Self-efficacy expectations (post) 2.57

supportive of learning

Estimate to what extent
digital media can suppot ——«—— @ 10
or hinder leaming

...skills to create, select, and
design learning material.
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211 0.035 0.48
267 0.008 0.61

244 0.015 0.56

aSigni.ﬁcance level of 0.05 and confidence interval of 95%. “Calculated

as indicated by Rosenthal.®

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

Langner et al. 2022
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An eye-gaze-augmented retrospective

in Organic Chemistry
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eye-gaze-augmented retrospective
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Retrospective based on ALACT-model of Korthagen 1985
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Task Own response
Eye-gaze replay
Retrospective think aloud

Retrospective based on ALACT-model of Korthagen 1985 45



STUDY DESIGN

©

Task

® ©)

1 12
ﬁ &;);3’

Own response Own response
Eye-gaze replay Eye-gaze replay
Retrospective think aloud Reflection prompts
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Own response Own response Own response
Eye-gaze replay Eye-gaze replay Eye-gaze replay
Retrospective think aloud Reflection prompts Reflection prompts

Task solution
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Task Own response Own response Own response Task
Eye-gaze replay Eye-gaze replay Eye-gaze replay
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Task solution
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Task

®

R/S configuration of
asymmetric carbon atoms

Own response
Eye-gaze replay

Retrospective think aloud

Brensted acid-base
concept

(2)
2)

1
¥ 3

*

Own response

Eye-gaze replay
Reflection prompts

©

Electrophilicity and
nucleophilicity

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

T
0 N/

0
\J\:NH X

W

/

Identify the four positions where the molecule is
most likely to be deprotonated by a strong base.

-
-

\

/

A5

Identify electrophilic centres. These are
those that can be attacked by a nucleophile.

Retrospective based on ALACT-model of Korthagen 1985

Own response
Eye-gaze replay
Reflection prompts
Task solution
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SCIENTIFIC EXPERTISE DEVELOPMENT
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Own response
Eye-gaze replay
Retrospective think aloud

Own response
Eye-gaze replay
Reflection prompts

Identify the four positions where the molecule is
nmost likely to be deprotonated by a strong base.

Nitrogen of the ©
carboxamide 3

Anna: "So, | started with the amine because it has
protons. It was all about protons. But | discarded
that idea. [...] Because ammonia itself is a base.
Therefore, it's less likely to be deprotonated. That's
why | discarded it." [...]

Anna: "As | don't have any new information or know
if 1 am right or wrong, for now, | wouldn't change my
strategy.” [...]

Anna: "Oh, it's an amide, not an amine! I'm such a
fool. So, | had previously discarded it because an
amine is a base. And bases don't give up their
protons.” [...]

Anna: "I should have looked more closely.”

Anna: "But | think that even with an amide, | might
not have considered it being deprotonated.” [...]

Anna: "But thinking about it now, if | have an amide,
so there's a carboxyl group. And if | deprotonate
that, then | have a free pair of electrons. It can flip
from nitrogen to carbon and then from carbon to
oxygen. And negative charges are always well
placed on oxygen. Then it's clear that it gets
deprotonated. Unlike an amine, which wouldn't
really want to do that, as it lacks stabilisation.”

Anna: "At the beginning, | quickly scanned the
molecule. It was like a filter step, where | really only
looked at places with protons."

Anna: "So, | saw it [carboxamide] like an amine.”
(8]

Anna: "As of now, | would move from the proton and
take a closer look at the neighbouring bond.” )

Langner & Graulich 2024

Own response
Eye-gaze replay
Reflection prompts
Task solution
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Own response
Eye-gaze replay
Retrospective think aloud

o
2)

33

Own response
Eye-gaze replay
Reflection prompts

Elaborated reflection L] ]

7
e Identify the four positions where the molecule is
nmost likely to be deprotonated by a strong base.

Nitrogen of the ©
carboxamide 5

Anna: "So, | started with the amine because it has
protons. It was all about protons. But | discarded

E--mal idea. [...] Because ammonia itself is a base.
Therefore, it's less likely to be deprotonated. That's
why [ discarded it." [..]

Anna: "As | don't have any new information or know
E-- if 1 am right or wrong, for now, | wouldn't change my
strategy.” [...]

Anna: "Oh, it's an amide, not an amine! I'm such a

fool. So, | had previously discarded it because an

““amine is a base. And bases don't give up their
s [...]

[&} - Anna: st ave looked more closely~

.. Anna: "But | think that even with an amide, | might
not have considered it being deprotonated.” [...]

@

Anna: "At the beginning, | quickly scanned the
E‘»--molecule. It was like a filter step, where | really only
looked at places with protons.”

m__Anna: "So, | saw it [carboxamide] like an amine."
[]

.__Anna:

Langner & Graulich 2024

Own response
Eye-gaze replay
Reflection prompts
Task solution

Describing the

experience
E Identifying an
H issue
H Evaluating an
: ' approach
; i Drawinga
: ‘ : consequence

IE' |I| H . Elaborated reflection

E III . Consequence-centred reflection

[=] [=]

[=] [¥]

Non-elaborated reflection

! Descriptive reflection
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Elaborated reflection @
Consequence-centred reflection @
Approach-centred reflection @

Non-elaborated reflection @
Descriptive reflection @
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Own response Own response Own response
Eye-gaze replay Eye-gaze replay Eye-gaze replay
Retrospective think aloud Reflection prompts Reflection prompts

Task solution

Reflections on accurately
determined structural sites (46%)

® ®

ke 14% [

Langner & Graulich 2024
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Elaborated reflection @
Consequence-centred reflection @
Approach-centred reflection O

Non-elaborated reflection @
Descriptive reflection @
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Own response
Eye-gaze replay
Retrospective think aloud

Own response
Eye-gaze replay
Reflection prompts

Own response
Eye-gaze replay
Reflection prompts

Task solution

Reflections on accurately
determined structural sites (46%)

Reflections on inaccurately
determined structural sites (54%)
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The eye-gaze-augmented retrospective...

Change in students' success

n.s.

. - ...did not influence

| ; . students’ success.

control group intervention group
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The eye-gaze-augmented retrospective...

Change in students' success

1 o® <
. -l - ...did not influence
& " a
a0 T TR e students’ success.
=
control group intervention group

Change in students' eye movement

1.00

' ' ...stimulated

0.00

control group intervention group

more consistent

: ‘ eye-movements.
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CONCLUSION

A 0 |84 = :

., ==y @ o (A L]

= Y- T -1
Eye-tracking isn't just a
diagnostic tool; it can also
serve as a feedback tool. ® o ® 0, ®

i i 3 ” §
% % % o is
Task Own response Own response Own response Task
Eye-gaze replay Eye-gaze replay Eye-gaze replay
Retrospective think aloud Reflection prompts Reflection prompts
Task solution
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Do you have questions?

What are your thoughts?

What should (chemistry education)
eye-tracking research focus on?
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ACS SYMPOSIUM SERIES 1292

Eye Tracking for the
Chemistry Education Researcher

Andrew T. Duchowski

Eye Tracking
Methodology

Theory and Practice

Third Edition

Jessica R. VandenPlas, Sarah J. R. Hansen,
and Steven Cullipher

@ Springer

Eye-Tracking for Chemistry
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Relevant information in Immediacy Eye-mind Covert & overt attention
gaze center assumption assumption directed to the same stimulus

Just & Carpenter 1980, Land & Tatler 2009, Duchowski 2017 62
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Instruction-based clinical eye-tracking study on the visual interpretation of divergence:
How do students look at vector field plots?

P. Klein,"" J. Viiri,' S. Mozaffari,” A. Deagel,"" and J. Kuhn'
'Deparment of Physies, Physics Education Research Group, University of Katserstautern,
Erwin-Schrddinger Strasse 46, 67663 Kaiserslautern, Germany
*Department of Teacher Education, University of Jyvaskyla, 40014 Jyvitskyia, Finland

“Smart Datn & Knowledpe Services, German Research Censer for Ariificial Inelligence,
Trippssadter Strasse, 122, 67663 Kaisersauter, Germary

‘Computer Science Deg . University of Kaisersl £ ity
Kaiserslautern, Germany

S 46, 67663

M (Receved 13 November 2017; published 28 March 2018)

Relaung concepls o i i for studcnts. [n this paper,
we introdice two visual strtegies o qualiatively interpeet the divergence of graphical vector field
representations. One strategy & based oa the graphical incerpretation of partial derivatives, while the other
is based on the Nux concept. We test the effectiveness of both strategies in an instruction-based eye-tracking
sty with N = 41 physics magars. We found that students” performance impeoved when both strasegies were
Intrduced (74% correct) insiead of only one strategy (64% comect). and stadents perfamed best when they
were free 10 choose between the two strategies (88% comect), This finding supports the idea of introducing
multiple 9 ) conceps stdent ing. Rel ye-tracking measiuces
demanstrte that both strasegies snply dlferent visial processing of the vector fiekd plots, therefoee reflecting
conceptaal differences hetween the strategies. Advanced analysis methods further reveal significant
differences in eye movements between the best und wanst performing students. For instance, the best
students perfommed horzontal and vertical xac dacating ¢4 cli f partial
desivatives, They also focusod on smaller regions when they halunced positive and acgative flux. This mixed-

ch Bl 10 mew (i dern visual of vector field repeesentatioas. bighlights
the advantages and limstations of eye-tracking methodologies in this context, and discusses implications for
teaching and for funare rescarch. The ineroduction of saccadic direction aeslysis expands aditionul meihods,
and shows the potential to disoover new insights into siudent understanding and learning difficulies,

VISUAL BEHAVIOR... IN VECTOR FIELD PLOTS
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Interpret the divergence of this vector field.
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DATA ANALYSIS

Br

Areas of Interest (AOI)
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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

Flr weitere Informationen siehe Holmqvist et al. 2011
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Defining Areas of interest (AOIs)

Limited-radius Task 1
Voronoi tesselation

Langner et al. (2025) 65



DATA INTERPRETATION

Fixation duration: Attention (Desjarlais 2017)
Information processing (Clinton 2017)
Difficultiy (Holmaqvist 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)

Transitions:
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=

Visual attention distribution (Richter & Scheiter 2019)
Information processing (Desjarlais 2017)

Working memory capacity(Holmquist et al. 2011)
Integration process (Alemdag & Cagiltay 2018)
Chunking (Holmaquvist 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 (Holmgqvist et a/. 2011)
Importance of information (Holmqvist et /. 2011)
task complexity (Holmqvist et a/. 2011)
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Decoding Case Comparisons in Organic Chemistry: Eye-Tracking
Students’ Visual Behavior

Marc Rodemer, Julia Eckhard, Nicole Graulich,” and Sascha Bernhelt*

ﬁv’i Che This: . Chem. Edfuc. 2000, 97, 1530-353% IE I Read Online

ACCESS Ll etrice & More 1 feticie Resommendatiors © Suzporting Infarmstion

ABSTRACT: Reaction mechsnisms commenly used in organic chernistry are

a great challenge for students in term of undentanding the representation and i /* £

trdnrring the appropriste chemiml roncepts. Tn order to support the proces: of =i (N 1 . .
dsetifying and welecting Shemical - concepts, pupseschilly designad cass oy \F /
cotparisms. s widely (wad, While these taske place. goant deasnds on __/'

stadents’ problem-sohang capabllities, (t & unknown how lesrmers dstribute
thetr attention on the comples and (nformation-rich representations.
Understanding students’ visual decoding behaviar when dealing with case

B '
comparisons could provide valuable insights Into sup) students’ problem. i e [0 "
solving process. In this exploratory study, we employed eye.tracking o "
methadalogy U3 oberve beginner and advanced undecgrodisate chemlsary '\\ .

studeats when working through cise-comparisan tasks. By establishing 2 novel

eye-racking measuce, the fixation,ansition catie, distmct viewing behaviors

could be ohserved. Results indicate dgnificant differences between both s

groups. Advanced students are overall faster in their decision-making and transition mare fequently betweeen the representations,
indicating & higher selectivity for chemically relevant entities. Furtes, the results thow o significent impact of the visal complevity of
a representation an stodents” visual behavior, Implications for desdgning case comparisons and sapparting stodents” decading procoss
are discussed,

KEYWORDS: Seqrnd-Teas Unifergradate, Orgamic Chemitey, Analagies/ Trissfer, Problem Solving Decision Matking,

Meck ey, Muclenphilic Sub Chemival Education Rescanch
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Status group

Beginner students exhibit
more focused behavior.
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Atoms versus Bonds: How Students Look at Spectra
Steven Cullipher and Hannah Sevian*

Department of Chemistry, University of Massachusetts, Boston, Boston, Massachusetts 02125, United States

© Supporting Information
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ABSTRACT: Students often face difficulties when presented with chemical stractures and asked to relate them to properties of
those substances. Learning to relate structures to properties, both in predicting properties based on chemical structures and
interpreting properties to infer structure, is pivotal in students’ education in chemistry. This troublesome but critical concept is
often referred to as structure—property relationships. While there is no shortage of literature on students’ difficulties with this
concept, there is a lack of methodologies that can directly and quantitatively reveal underlying assumptions about structure—
property relationships that « in students’ thinking. This study applied a “chemical thinking” lens to elucidate assumptions
about structure—property relationships thinking, A combination of qualitative analysis using a think-aloud interview protocol was
used with quantitative analysis of eye tracking data to probe students’ reasoning when relating molecular structures of volatile
hydrochlorocarbons to infrared spectral properties. Our initial findings offer partial validation of a newly developed methodology
for analyzing eye tracking data to expose reasoning patterns that appear to correspond to identifiable underlying assumptions.
KEYWORDS: First-Year Undergraduate/General, Second-Year Undergraduate, Upper-Division Undergraduate,

Graduate Education/Research, Chemical Education Research, Spectroscopy

FEATURE: Chemical Education Research
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Pattern Description
1 Only look at molecular features

Return to the question

Look at molecular features and spectra
Look at molecule, spectrum, and axis
Look at a spectrum and an axis

Look only within spectra

Look only at spectra axes

G =1 hon B W

Patterns which indicate random searching

-

1 2 3 -

®Atoms as Components @Bonds as Components  OBonding

Underlying assumptions show different gaze patterns.

13



ETIN CER

Diagnosis & Assessment

|CALEDUCATION

YT r——

Use of Simulations and Screencasts to Increase Student
Understanding of Energy Concepts in Bonding
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| Students’ Independent Use of Screencasts and Simulations
| to Construct Understanding of Solubility Concepts
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Supporting students’ conceptual understanding of
) ) kinetics using screencasts and simulations outside
STt of the classroom

W) Qneck tor updates

Ryan D.Sweeder, U1+ Deborah G. Herrington and Jessica R VandenPtas O

Senultices have changed charmislty educaticn by dlowing Students 10 visusize S magon and

black squares

B Screencast

Simulation

Fig. 2 Box plot of students’ pretest and follow-up scores on a 4-
point scale by treatment. Note: average scores are represented by
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Evaluation of learning materials

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
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Pros: Cons:
* objective, non-invasive sensor * expensive
* real-time data * time-consuming
* rich and more detailed data * challenging

* unique (visual attention)

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
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