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From ideas to studies



New paradigm? Big Data, IA 
and Data Science

Goldstein, N. D., LeVasseur, M., & McClure, L. A. (2020). On the Convergence of Epidemiology, Biostatistics, and 
Data Science. Harvard Data Science Review, 2(2)



New reality? Data literacy

Source: Ben-Zvi and Garfield (2004), and Stacey Hancock (2018)

 Statistical literacy

 Statistical reasoning

 Statistical thinking
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Statistical literacy

 Statistical literacy includes basic and
important skills that may be used in
understanding statistical information or
research results.

Michael Jordan’s Anecdote : Mean and Median measures.
http://rpdp.net/admin/images/uploads/251H-EffectofOutliersonCenter.pdf



Statistical literacy

We are surrounded by facts and figures 
everyday:

 economic performance

 well-being of population 

 condition of our environment



Statistical reasoning

 Statistical reasoning may be defined as the
way people reason with statistical ideas and 
make sense of statistical information.



Statistical thinking
 Statistical thinking involves an understanding

of why and how statistical investigations are
conducted and the “big ideas” that underlie
statistical investigations.

Source: Data of Esteve, E, et al (SJMSS). Figure: Raincloud plot with box plots of HAGOS, Sport/Rec 
subscale scores from players reporting time-loss and no time-loss groin problems.



Statistical thinking

Weissgerber, et al. (2019). Reveal, don’t conceal: transforming data visualization to improve
transparency. Circulation, 140(18), 1506-1518.



“Statistical thinking will 
one day be as necessary 
for efficient citizenship as 
the ability to read and 
write”

H.G. Wells (1946)

…and that day has arrived!



Guidelines for Assessment and 
Instruction in Statistics 
Education (GAISE) Reports - ASA

 1. Teach statistical thinking.

 Teach statistics as an investigative process of problem-
solving and decision making.

 Give students experience with multivariable thinking.

 2. Focus on conceptual understanding.

 3. Integrate real data with a context and purpose.

 4. Foster active learning.

 5. Use technology to explore concepts and analyze data.

 6. Use assessments to improve and evaluate student 
learning.

GAISE College Report ASA Revision Committee, “Guidelines for Assessment and Instruction in
Statistics Education College Report 2016,” http://www.amstat.org/education/gaise



Ethical Issues in Statistics

 Ethics in data collection, quality and uses

 consent 

 anonymity 

 biases and drop outs

 Ethical implementation in a study

 validity

 ethics of interventions

 power analysis 

 Issues of ethics during the analysis

 p-hacking

 MNAR ignored

 Ethics of reporting results

 Uncertainty treatment

 Misleading graphics

Utts, J. (2021). Enhancing Data Science Ethics Through Statistical Education and Practice. International
Statistical Review, 89(1), 1-17.



Data Viz quotes

 The greatest value of a picture is when it forces us to notice
what we never expected to see < John W. Tukey 1997>

 Data visualization is a perfect vehicle for teaching students
the importance of context in statistics. < Boyd and Crawford
2012>

 A [data] visualization is any visual display intented to reveal
evidence, making the invisible visible. <Alberto Cairo 2015>

 Data Visualization is also regerded as a critical skill for
today’s datacentric jobs, particularly within the analytics
labor market <Lyndy Ryan 2019>

 Although the use of tables, graphs, and figures to
summarize information has long existed, the advent of the
new era and improved computing power has brought
renewed attention to the field of data visualization.
<Lynette M.Hudiburgh et al 2020>



Influencers of Data 
Graphical Design and statistics

John W  Tukey, Edward R Tufte, Florence Nightingale, Hans Rosling, .....



Sports Analytics and Data Viz

 The sports statistics community has grown 
and evolved in recent years thanks in part to 
the promotion of the section on Statistics in 
Sports of the American Statistical Association 
(ASA), which was created in 1992. 

 In sports analytics, the exploration and 
descriptive analysis of data using 
visualization techniques have increased in 
recent years to describe, for example, 
possible patterns and uncertainty in/of player 
performance. 



Sports and Data visualization

 A statistical graph can offer a compelling approach
to alternative statistical thinking to one that
focuses on procedural formulas.

Researchers in sport science should provide
objective appreciation of uncertainties and an
unbiased attempt to address these.

<Alan McCall 2021>

“By prioritizing data visualization and making
our reports look better, we increase the likelihood
that coaches and athletes linger, learn and
remember“

<Johann Windt 2022>



Sports data visualization
 Journal policies that encourage or require

authors to use more informative figures that
show data points or distributions.

 Misuse of the bar chart for displaying
continuous data has been one of the most
common display problems in some journals.

 It is important to consider study design,
sample size, and data distribution when
choosing between different types of graphs to
avoid representation problems.

 Excessive use and misinterpretation of radar
plots in the field of sports analytics



Sports data visualization

Boorn L. A reminder, blatantly plagiarized from @stat_sam, of why radar plots are 474 misleading. Eye focuses
on area, not length., 475 https://twitter.com/LukeBornn/status/864856335191388162 (2017).



Radar plots

 Radar plots are useful for displaying multivariate 
observations

 Typically used for showing the degree of similarity 
between different groups

 Or displaying or comparing two or more items or 
groups on various characteristics

 Particular polygonal patterns which become easily 
recognizable



Use and abuse of radar plots(I)
 The pattern, and not the plot area, should be the 

main focus. 



Use and abuse of radar plots(II)
 The scales direction of the variables



Use and abuse of radar plots(III)
 The measure represented on the axis should be 

reported, whether it is value



Use and abuse of radar plots(IV)

 The possible spurious correlation that may exist 
between the different variables should be taken into 
account before interpreting the plot

 We must keep in mind that our expertise in visual 
perception. This is complex with multivariate graphs 
such as radar plots. 

 Our visual ability to distinguish a dataset on a radar 
plot is probably easier with similar and/or extreme 
data.

 Problems of overlaping



Alternatives to radar plots

Parallel 
coordinates plot 

Stacked bar 
plot

Violin plot Box plot



Alternatives to radar plots

Swarm plot



New proposals (I): Violinboxplot

 One of the advantages of the boxplot is that we can
define atypical data in a non-parametric context.

 One drawback is that, between quartiles, there is no
information on how the data is distributed.

 We propose to use the violin plot only for non-
atypical data and to mark atypical data
independently, as is usually done in boxplots.

 This can help to better interpret the pattern of a
graph, taking into account all the data and
highlighting atypical values as well. In the case of
sports, it can help to detect possible atypical data:
superstars.



Example Data (I): Soccer
The first example data set is soccer data from all the 
matches (n=1168) of the top 13 European clubs in the 2016/17 
season:

 Premier League (Arsenal, Chelsea, Liverpool, Manchester 
United, Manchester City, Tottenham)

 La Liga (FCB, Real Madrid, Atlético Madrid)

 Ligue 1 (PSG)

 Bundesliga (Bayern, Borussia Dortmund)

 Serie A (Juventus)

The variables used are “competition” and “18-yard box shot” 
(i.e., the percentage of shots in the penalty area excluding 
those made within the well-directed goal area)



Example Data (I)

Boxplots of the “18-yard shot” vs competition



Example Data (I)

Violin plots of the “18-yard shot” variable. 

Atypical data is “dis”integrated into the graph



Example Data (I)

Violinboxplots of the “18-yard shot” variable. 

Graph adapted to the presence of atypical data



New proposals (II):Enhanced 
radar plot

 Avoid the presence of areas that often facilitate 
graph misinterpretation. 

 Based on the violinboxplot. 

 To highlight athletes who have higher values of 
performance or to report on abilities 

 To leverage the symmetry of violin plots to add 
comparisons between the two categories of a 
dichotomous variable.



Example Data (I)

Enhaced radar plot of the “18-yard shot” variable. 

Prevents the misuse of areas



Example Data (II): Basketball

 The second data set is training load and injury data
collected from the work of Caparrós et al.

 The study was conducted between October 2014 and
April 2017 for three consecutive leagues

 A total of 2613 observations and 246 matches from 33
different male professional basketball players

 The variables we have selected to exemplify in this
work are: “injury (Yes/No)”, and “external load factors”
(deceleration, distance, and minutes)

Caparrós, T., Casals, M., Solana, Á., & Peña, J. (2018). Low external workloads are related to higher injury risk in
professional male basketball games. Journal of sports science & medicine, 17(2), 289.



Example Data (II)

Enhanced radar plot of variables “acceleration”,
“deceleration”, and “minutes”



Example Data (II)

Evaluating performance of a new player with acceleration
values of 40 m/s2, deceleration of 20 m/s2, and minutes
equal to 15



Example Data (III)

Using the variable “injury (yes/no)” to see their distribution
differences and similarities



Conclusions

 The abuse of some graphs, such as the radar plot, and
their frequent misinterpretation in the world of sports
highlights the need to create more informative
visualizations.

 In this work, we propose violinboxplots and enhanced
radar plot to represent the data pattern, taking into
account the statistical summaries as well as their
distribution, without neglecting the interesting atypical
data in the form of radar plots.

 This work aims to be educational, from the perspective
of statistical thinking and it can not only be used in the
field of Sports Analytics but can also be useful in other
fields or areas



Gràcies!!!

Pepus Daunis-i-Estadella 
Martí Casals Toquero


