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1 | CHOOSING SOFTWARE FOR TEACHING STATISTICS 
 
Instructors have a potentially wide range of choices of statistical software for teaching 
statistics at the tertiary level.  The growth of open source code-based options has raised 
debate about what kind of software is most suitable.  As Chance et al[1] noted: 

“Despite the endless capabilities that technology offers, instructors 
should be careful about using sophisticated software packages that may 
result in the students spending more time learning to use the software 
than applying it.” 

Technological tools have the potential to both enhance and impede student learning. 
R is a popular code-based statistical computing environment[2, 3] which 

provides access to a very wide range of statistical methods from the simplest and most 
traditional to new innovations as they emerge.  Users need to develop skills in writing 
code and develop knowledge of appropriate functions and packages to call to carry out 
data wrangling, analysis and visualisation.  Typically, users write code in a console 
window, often using RStudio[4] an integrated development environment which 
provides a structured environment for managing the workflow. 
 Many popular commercial statistical software packages are menu based.  In 
learning to use such software, students need to learn how to access appropriate menus 
for analytic work and to choose from a range of options usually offered within a menu.  
Analytic options are thereby usually more transparent when using menu-based 
software. 
 In debating the merits of two software packages, R and Minitab® Statistical 
Software[5], Gunn and Morphett[6] discussed the concept of pedagogical affordances as 
it relates to learning statistics: 

“Pedagogical affordances ... are what the technology (potentially) offers 
in terms of learning. ... affordances need to be both transparent and 
accessible to the user: a software package may afford sophisticated 
computation, but only for a user who can perceive how it may be used.” 

Pedagogical affordances, hereafter referred to as learning opportunities, are important 
to the quality of learning[7]. Gunn and Morphett argued that the code-based statistical 
software offered fewer opportunities and involved a greater cognitive load in both 
obtaining statistical results and in interpreting the output.  They echoed Chance et al’s 
point about the risks in the trade-off of computational (coding) work and statistical 
thinking. 
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In this paper, we describe a case study of teaching an introductory statistics 
subject with R after many years of teaching with a range of different menu-based 
software packages.  We discuss how we dealt with the serious concerns raised above. 
 
2 | AN INTRODUCTORY TERTIARY LEVEL STATISTICS SUBJECT 
 
Statistics for Research Workers (hereafter SRW) is an introductory statistics subject 
taken by graduate students and applied users from inside and outside the tertiary 
sector.  The content is both theoretical and applied, and ranges from descriptive 
statistics to simple linear models.  Importantly, SRW is taught intensively – a full 
semester subject, usually taught in 3 weeks or less and often in 6 to 8 full days. In 
various guises, SRW has been taught for a few decades, with appropriate developments 
and innovations, sometimes 3 times per year.  The students vary substantially in their 
mathematical and statistical background, and in their experience with statistical 
software.  A software package suitable for this subject is one which students will be able 
to use for their own applied analysis.   
 SRW has been taught using  

• Minitab 
• IBM SPSS[8] 
• R with R Commander[9] which provides a GUI 
• R with R Studio, a programming environment, and R Markdown[10] 

(which is a file format for creating dynamic documents).   
An R Markdown document provides code for specifying the type and style of document 
and includes chunks of R code to generate statistical output including graphs. 
 Our preference historically has been to use Minitab. It was developed by 
statisticians at Penn State University (USA) with statistical pedagogy in mind, and hence 
in general the menus are coherent, and the behaviour of the software is predictable.  
Over time, SRW was offered using SPSS and R due to demand; most recently demand for 
R has outstripped demand for SPSS.   
 IBM SPSS, a commercial product, and R, free software, have had widespread 
uptake in business and educational settings.  However statistical training has not taken 
centre place in their design.  As a result, there is a lack of consistency in the menus, 
coding or language used to organise and reference statistical concepts and methods.  In 
our experience, this can be an impediment to learning. 
 Our first approach with R (in 2012) used the R Commander package because it 
offered a menu, and this was potentially a way of managing “risk” in teaching statistics 
using R, particularly in an intensive subject where a lot of time can be lost if things go 
wrong.   
  Using R Commander had several drawbacks.  It was an atypical way of using R, 
although it did provide an opportunity to gently introduce coding to students.  Learning 
some coding was required, as R Commander did not include all the functionality needed, 
and the graphs did not meet the standards of good statistical practice[11].  Students 
were provided with improved script templates for graphs; in 2016 the R package 
ggplot2[12] was introduced.  For the increasing fraction of students familiar with R 
Studio, the use of R Commander felt like a step backwards.  So, in late 2019, we taught 
SRW for the first time using RStudio and R Markdown, relinquishing the use of a user-
driven menu.  
 
3 | DESIGN CONSIDERATIONS WHEN TEACHING WITH R 
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Our need to prioritise statistical learning while supporting the development of coding 
skills raised questions about how to structure student learning activities, and to 
consider features of R and RStudio that could be exploited to emphasize good analytic 
practice and statistical thinking.  We considered what might be lost without a statistical 
menu structure, and what important features were present in (well-designed) menus.  
The re-design included development of generic R scripts and the revision of how 
exercises and answers were provided to students.  
 An important feature in the design of generic R scripts was the use of structure 
and language consistent with the statistical content of the subject.  The generic scripts 
were organised in a folder structure to reflect a meaningful pedagogical structure, 
similar to a well-designed menu (Figure 1).  The R code was curated, and instructions 
and guidance were included in the scripts.  The generic code was written in a way that 
signalled the structure of variables and data (Figure 1), and the scripts provided 
modelled good analysis – for example, code for visualisations was included with 
analysis.   
 Figure 1 includes code based on the R tidyverse collection of R packages[13].  In 
providing this type of curated code, the goal was not to introduce students to the full 
functionality of the packages in tidyverse, but rather to gradually start with relevant 
aspects of the functionality.  In this case, students needed an explanation of the use of 
‘piping’ – the operator ‘%>%’ first developed in the maggritr package[14].  Our 
observations were that they coped with this well. 
 
 

 
Figure 1: Example of menu structure and code snippet 

 
Over the course of the subject, students were also provided with reference to the 

range of cheatsheets available for R packages.  These supplemented the generic scripts 
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and allowed students to pursue development of coding skills as time and inclination 
allowed. 

Students completed practice exercises in a computer laboratory with individual 
access to a PC with a standardised software setup. This ensured they were working with 
the same, up-to-date version of R and the required packages. 

The practice exercises in SRW are designed to develop statistical thinking about 
the analytic process in context and require both the analytic results and an applied 
interpretation. Traditionally students had developed their own practices for preserving 
the output and recording results when carrying out the practice exercises.  In re-design 
of the provision of the practice exercises we aimed to preserve the statistical pedagogic 
aims by providing a framework that encouraged integration of analytic output with 
interpretation.  In addition, we aimed to make preservation of individuals’ analytic work 
and extended responses systematic and relatively seamless, to establish practices to 
support reproducible research, and to reduce coding load where possible.   
 We provided the exercises in R Markdown files that provided code to load the 
relevant packages and data, so that to answer an exercise, students needed to add code 
for analytics within code chunks and add their own text responses.  Figure 2 provides 
an example of (part of) an exercise.  Students could step through code in a transparent 
way, see results immediately below the code, and focus on the coding needed for 
analysis. At the same time, steps for setting up the framework for analysis were 
modelled. Students would need to identify the relevant code from the generic scripts 
and edit it to suit the data context and question.  When a user runs a function to 
“knit”[15] an R Markdown file, a document is generated based on the code provided; 
html documents were generated in this case.  (Figure 3 shows the result of a “knitted” 
document.) Students could knit the exercise if they preferred to review the 
requirements as a document without code.  Students were not required to submit their 
answers to practice exercises but were encouraged to systematically preserve them as 
html documents. 
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Figure 2: Example of part of a practice exercise 
 
 

The design also included model answers in R Markdown files, which modelled 
applied context-based analysis and interpretation.  In the answers provided, the 
functionality of R Markdown was extended as students progressed.  An example of a 
“knitted” model answer to the (part) exercise in Figure 2 is shown in Figure 3; this is an 
html document. 
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Figure 3: Part of an html document generated as a model answer for the part of the 

practice exercise in Figure 2 
 
 
 
4 | FEEDBACK 
 
Given the redesign, we collected feedback from students three days (half-way in this 
case) into the subject. In particular, we sought open-ended feedback to allow us to 
respond to concerns that could be addressed immediately or in future revisions of the 
subject.  The focus was on evaluating the use and features of R with R Markdown. 

In total, 36 of the 44 participants responded.  Of these responding, 60% had no 
experience with R and all but one of the remainder had used R “a bit”.  The vast majority 
(89%) agreed that R Markdown was a useful aid to their learning.  Students also 
provided open-ended feedback on what worked well and what needed improving; most 
of the comments were very positive.  Their experience of R Markdown included the 
extra scaffolding we have described, which – we believe – may have led to more 
favourable feedback than from the use of R Markdown without it. 
 In their comments, students referred to several different learning opportunities 
they perceived in the design of the learning activities in SRW, including the use of R 
Markdown.  This included ease of use and transparency; for example; “I love it. The 
output is nicely formatted and easy to read.”  It provided structure to problem solving; 
for example: “A single flow of syntax and answers, unlike SPSS which operates in 2 
[windows].” Reproducibility was supported; for example: “Useful way of retaining 
answers and scripts”.  There were two aspects in which learning support was described: 
supporting learning coding (e.g. “You feel like you are programming), and; supporting 
statistical learning (e.g. “Helped put theory into practice”).  There were also two 
opportunities related to practical application.  These were supporting integration of 
analysis and explanation (e.g. “enjoyed how text/instructions and code were 
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integrated”), and useful in applied practice (e.g. “Likely what we would use when 
actually using R – so it feels practical”). 
 Very few comments were provided in response to the question about what 
needed improving.  Students indicated that they needed additional support material 
initially, the opportunity to develop more coding skills and to find a balance between 
the amount of direction provided as they progressed to allow development of 
independent coding skills.  Future refinements to consider are to scaffolding coding 
skills as the subject progresses and extending the functionality of R Markdown. 
 
5 | CONCLUSION 
 
The decision to teach SRW with R, without a menu to guide students’ analytic choices, 
was made with an eye to the risk of the coding load substantially detracting from the 
primary focus of learning.  There was, however, a generally positive response from 
students, and unprompted identification of a range of learning opportunities in their 
open comments.   
 A key feature of our approach was to mindfully overlay the structure and 
language of statistics in the support and teaching and learning materials that related to 
the software.  It remains a limitation of R that, at times, the output provided is sub-
optimal; for example, an independent samples t-test result and associated confidence 
interval can be obtained without an estimate of the mean difference.  Structured generic 
scripts can assist with alerting students to deficiencies in standard output and signalling 
ways to deal with them. 
 Also important to our approach was the intent to mimic genuine analytic 
practices in the use of software, while lightening the load of aspects of standard file and 
package management.  We avoided teaching all the intricacies of using R but provided 
scaffolding for students to develop their skills and understand principles with suitable 
support material and modelling in code.  We curated resources on learning R coding for 
those interested in developing their skills after SRW, and have subsequently developed 
a short course on using R and R Markdown for reproducible research. 
 In this case study, the student response is cause for optimism. If students 
themselves can readily identify how the design and use of the software supports their 
learning, the battle may be half won.     
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