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Research question 
 

How can findings from literature and eye-
tracking inform designing embodied tasks in 

statistics education? 



Graphs inspired by Pastore et al., 2017 
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Different: shape  
Same: mean, variability à distribution 
Data: same weight data; (but different number of variables) 
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Different: data  
Different: mean, variability à distribution 
Same: ‘shape’, colour, number of bars, weight scale (kg) 
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Study design Eye-Tracking (ET) 

25 items 
6 histograms     6 case-value plots 
-  3 single (first two items)   -    3 single 
-  3 double     -    3 double 
 
Followed by: 
6 messy dotplots (single and double) 
3 histograms (single and double) 
2 stacked dotplots 
2 ‘horizontal’ histograms 
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Study design: collective case study 

Eye tracking (ET) data of 
-  50 secondary school students of one Dutch school; grade 10–12 (age: 15–18 

years; outlier:...) 
 
Set-up (50 min.): 
-  Pre-test of prior knowledge, questionnaire on possible relevant covariates 

(math grade, CITO-score; 5–10 min.) 
-  Collecting ET data on 25 items/questions (8–15 min.; outliers e.g., 26 min.) 
-  Cued retrospective interview with own ET data (25 students; selection of items) 
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Data 

Eye movement pattern 
Gaze plot – L03 – Item 4 

What is approximately the mean weight that is collected per person? 
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Name 

Weight collected garbage beach Terschelling 
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Data 

Eye movement pattern 
Gaze plot – L03 – Item 1 

What is approximately the mean weight of the packages that René delivers? 
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y Weight packages postman René 
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Data 

 
 
 
Incorrect strategy - 
Item 01 

Video of the eye 
movements of student L03 
(approx. 30 seconds) 
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Summary gazes student L03 

Histogram 

What is approximately the mean 
weight that is collected per person? 

What is approximately the mean 
weight of the packages that 
René delivers? 
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Name 

Case-value plot   

Weight (kg) 

Weight packages 
postman René 

Weight collected garbage beach Terschelling 
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?
 
 

Picture: 
http://netfusiontechnology.com/2017/08/10/data-and-
insights-benchmarking/ 

Findings from previous studies ! 
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From a case-value plot to a histogram  

a) Case-value plot with two variables: name and birth weight     Histogram 

(Birth weight data taken from Dunn, 2018). 
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b) univariate graph after removing the variable ‘name’ 
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c) all dots are slid to the left into a horizontal dotplot. Note the disappearance of the horizontal axis 

d) messy dotplot after rotating and mirroring of the vertical 
axis. Note the absence of the vertical axis 
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e) binning the dots in a bar; roughly 
positioned at each measured value 
 
Histodot 

f) grouping the dots in each bar in a 
stacked dotplot with histogram overlay 
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g) leaving out the dots, resulting in a histogram. Note the reappearance of a vertical axis in this univariate 
graph 
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Findings from review study 

X ?



Freudenthal Institute Scientific and mathematical literacy for life www.freudenthalinstituut.nl 

What is approximately the mean weight of the packages that René delivers? 
Fr

eq
ue

nc
y 

Weight packages postman René 

Findings from ET-study 

X	

Weight (kg) 

Eye movement pattern 
Gaze plot – L03 – Item 1 
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Findings from ET-study 

Attentional 
anchor 

What is approximately the mean weight of the packages that Thijs delivers? 
Fr

eq
ue

nc
y 

Weight packages postman Thijs 

Weight (kg) 

Eye movement pattern 
Gaze plot – L18 – Item 6 
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Findings from ET-study 

√	 X	
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Findings from ET-study 

?	
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Embodied tasks ! 
All already done….. 



Freudenthal Institute Scientific and mathematical literacy for life www.freudenthalinstituut.nl 

Demo: embodied tasks   TASK 1 

Demonstration of tasks by Anna Shvarts who programmed the 
tasks and who co-designed the tasks 
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Demo: embodied tasks   TASK 2 and 3 
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Demo: embodied tasks   TASK 4 
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Conclusion 
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Watch out for  
look-alike  
graphs; 

they can tell a totally 
different story 

Lonneke Boels1,2, Arthur Bakker1, Paul Drijvers1 
 1Freudenthal Institute, Utrecht University; 2Christelijk Lyceum Delft, the Netherlands 

 All graphs look equal, 
but some graphs are 

more equal than 
others. 

Free after Orwell 
(Animal Farm, 1945)  
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Discussion 

?	•  Are these tasks doing what we are aiming for? 
•  Will these tasks provide students with more 

insights in the statistical concept data? 
•  Do you have suggestions for improvement of 

the tasks? 
•  Do we need other/more tasks?  
•  Are these tasks embodied tasks? 
•  What about the idea of attentional anchors?  
•  … 
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Read more?  

https://doi.org/10.1016/j.edurev.2019.100291 
www.researchgate.net/profile/Lonneke_Boels 


