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Computing is fundamental to 
contemporary statistical 
practice and scientific inquiry 
and should be explicitly taught
(ASA, 2017; Horton, 2015; NASEM, 2018; Nolan & Temple Lang, 2010)



Cognitive Load: Impediment to Learning
There is a finite amount of information that 
can be processed or stored in working 
memory at a time (cognitive load). 

Different types of cognitive load (Hermans, 2021):

● Intrinsic: characteristics of the 
information being learned. 

● Extraneous: the way information is 
presented. 



Statistical Computing and Cognitive Load
● Statistical computing adds cognitive load to the learning process in statistics (e.g., 

Woodard & Lee, 2021)
■ Computational considerations

■ Syntax
■ Syntactical structure 
■ Debugging
■ Computational thinking

■ Coding seems to be difficult for many students 

● We can work to manage and lessen cognitive load by thoughtfully considering the 
specific coding content we teach and how we teach it.



Cognitive Un-loading: Make Purposeful Pedagogical Decisions
Pedagogical decisions need to be made about 
coding content.

● What logistical considerations do you 
need to account for?

● What will be taught (scope)?
● How will it be sequenced?



Example Pedagogical Decisions
● How will students compute in the course?

○ Desktop / Cloud / Both

● Where and when do students need practice with code?
○ In-class / out-of-class
○ Individual / group
○ Templates / Blank documents (RMD, R script)

● How will coding be introduced in class?
○ Live coding/ Worked examples / Group activities

● What code content do you start the course with?
○ Data structures (e.g., vectors, data frames) / “Cake” (data visualization, EDA)



Cognitive Un-loading: Use Consistent Syntactic Structure
Using code with the same syntactic structure 
(common grammar) lessens cognitive load

● Can focus on learning new functions  
(verbs) and their purpose

Some syntactic structures can emphasize the 
relationship between syntax and concepts 

● E.g., Roles of variables



Example Pedagogical Decision

● What syntax or packages will be used? In R:
○ base
○ formula (mosaic, ggformula, lattice)
○ tidyverse (ggplot2, dplyr)

Make a histogram of the bill_length_mm variable from the penguins dataset:

ggplot(penguins) + geom_histogram(aes(x = bill_length_mm))
histogram( ~ bill_length_mm, data = penguins)
gf_histogram( ~ bill_length_mm, data = penguins)
hist(penguins$bill_length_mm)

https://www.rstudio.com/resources/cheatsheets/


library(psych)

library(BHH2)

nhanes2017= read.csv("nhanes2017.csv", as.is = F)

table(nhanes2017$exerciseGT60)

par(mfrow = c(1, 2))

hist(nhanes2017$pulse[nhanes2017$exerciseGT60 == "YES"], xlim = c(min(nhanes2017$pulse), max(nhanes2017$pulse)))

hist(nhanes2017$pulse[nhanes2017$exerciseGT60 == "NO"], xlim = c(min(nhanes2017$pulse), max(nhanes2017$pulse)))

par(mfrow = c(1, 1))

tapply(nhanes2017$pulse, nhanes2017$exerciseGT60, summary)

tapply(nhanes2017$pulse, nhanes2017$exerciseGT60, describe)

t.test(pulse ~ exerciseGT60, data = nhanes2017)

Authentic example: Analyze the difference in pulse by exerciseGT60 from NHANES



# Load libraries
library(psych)

# Import data
nhanes2017= read.csv("nhanes2017.csv")

# Get levels and sample sizes
table(nhanes2017$exerciseGT60)

# Plot histograms
par(mfrow = c(1, 2))
hist(nhanes2017$pulse[nhanes2017$exerciseGT60 == "YES"], xlim = c(min(nhanes2017$pulse), max(nhanes2017$pulse)))
hist(nhanes2017$pulse[nhanes2017$exerciseGT60 == "NO"], xlim = c(min(nhanes2017$pulse), max(nhanes2017$pulse)))
par(mfrow = c(1, 1))

# Compute summary statistics
tapply(nhanes2017$pulse, nhanes2017$exerciseGT60, FUN = describe)

# Carry out two-sample t-test
t.test(pulse ~ exerciseGT60, data = nhanes2017)

In RStudio turn on rainbow 

parentheses

Options >
 Code > D

isplay 

Use commentsin your syntax 



# Load libraries
library(mosaic)

# Import data
nhanes2017 = read_csv("nhanes2017.csv")

# Get levels and sample sizes
tally(~ exerciseGT60, data = nhanes2017)

# Plot histograms
gf_histogram(~ pulse | exerciseGT60, data = nhanes2017)

# Compute summary statistics
favstats(~ pulse | exerciseGT60, data = nhanes2017)

# Carry out two-sample t-test
t_test(~ pulse | exerciseGT60, data = nhanes2017)

Mosaic Packagehttp://www.mosaic-web.org/mosaic/

http://www.mosaic-web.org/mosaic/articles/web-only/LessVolume-MoreCreativity.html
http://www.mosaic-web.org/mosaic/


Cognitive Un-loading: An Example with Histograms in R
What you teach: 

● ggplot(penguins) + geom_histogram(aes(x = bill_length_mm))
● histogram( ~ bill_length_mm, data = penguins)
● gf_histogram( ~ bill_length_mm, data = penguins)
● hist(penguins$bill_length_mm)

The order you teach it in: 
● Variables -> Histograms -> R intro -> syntax
● R intro -> Variables -> Histograms -> syntax

How it’s introduced: 
● RMarkdown file with a worked example
● Live coding session
● Combination-- RMarkdown with some worked, some blanks



Cognitive Un-loading: Model Computational Thinking Norms
Modeling computational thinking and norms

○ Debugging (e.g., McCauley et al., 2008)

○ Normalizing emotional reactions to coding 
(e.g., Not panicking (e.g., DiNapoli, 2018))

https://d1wqtxts1xzle7.cloudfront.net/39984431/Debugging_a_review_of_the_literature_fro20151113-5936-170zvit.pdf?1447458467=&response-content-disposition=inline%3B+filename%3DDebugging_a_review_of_the_literature_fro.pdf&Expires=1618931074&Signature=OYDRg77kO96MAiDb4PpqiRyhaaVTjkTnn4D8AjX9v0BP9EzMbP7g~xK~FMnjWlWZeQ4HQI91pxURTLEEU-bHoSNNovStlu6-zIUzxKO0iZC0kB3DeGWJkZQm1iDewkjypntVt7ybn6vMWsB9pVCg7eok5TMfcTa1GItCrhWgMyyLiT8dCtHUR1KgdCdN0I29bKFeqmbeJGuZH-7BSxWkaH3UQKHJo9WQZRZjTwQ~YCo38RCSF-TEKrs0IpeLogomO3OnO1CNmStl7ubrS3gThs2eiMKWmtheJn4OCqksKBTsTIKDLH4Zp7TRFLMDSgbwxAqVPNZfWUdN~SSBc6fs2w__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://files.eric.ed.gov/fulltext/ED606580.pdf


Questions to help you revise how you teach coding:
● What syntactic structure makes the most sense for my students/course/goals?
● Is the code being presented to students consistent in its structure?
● How does new code connect with previous content?
● Will students see/use this code more than once?

○  “Stitch in time saves 9” 
● How will students encounter code? 

○ Live coding, scaffolded documents, cheatsheet?



Resources and Places to Start 

● Introductory statistics labs in R, Amelia McNamara (formula or tidyverse)
● Speaking R, Amelia McNamara (guidance for live coding and reading code)
● Statistical Modeling and Computation for Educational Scientists, Andrew Zieffler 

(tidyverse)
● Simulation Based Inference, Randy Pruim (formula)
● Data Science in a Box, Mine Çetinkaya-Rundel (tidyverse)

https://www.amelia.mn/STAT220labs
https://www.youtube.com/watch?v=ckW9sSdIVAc&t=676s
https://zief0002.github.io/modeling/
https://www.causeweb.org/sbi/?p=894
https://datasciencebox.org/
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