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Foreword

Beginning with the mid-1970s development of S and its reimagination into R, 
approximately 20 years later, R remains a leading language in biostatistics. By the 
mid-2000s, ease of use and functionality with the R language expanded greatly 
when the tidyverse ecosystem saw its first implementation.

Throughout its evolution to today, R has remained open-source software that is 
freely available to all. From among its many uses, R supports data acquisition from 
distant hosts using Application Programming Interface (API) clients, data manage-
ment and data organization using tidyverse ecosystem tools such as the dplyr pack-
age and the tidyr package, and superior production of graphics and maps using the 
ubiquitous tidyverse ggplot2 package and complementary packages that are ggplot2 
compliant. There is also a host of other R-based tools for statistical analyses that 
work and play well with APIs and the pervasive tidyverse ecosystem. It is argued in 
this text that R should always be among the first selections in any list of software 
that supports biostatistics.

This text was developed to assist beginning students and early stages researchers 
in their attempt to make sense of how software can be used in biostatistics, viewing 
an all-pervasive concept of biostatistics in the large and the many disciplines associ-
ated with biostatistics. To meet this challenge, R was selected as the most appropri-
ate programming language, calling on Base R (e.g., the many functions made 
available when R is first downloaded) and supporting packages (e.g., the thousands 
of auxiliary R software collections that provide functionality far beyond what is 
available in Base R, especially packages associated with the tidyverse ecosystem).

The desire to prepare an introductory text that was based on the needs of begin-
ning students and early stages researchers grew out of observations from prior 
teaching experiences in biostatistics, individually and of colleagues. It could not be 
ignored that frustrations of those who were new to biostatistics were so great that 
many who might have later taken on careers and leadership roles in biostatistics 
moved on to other fields of study, greatly impacting the immediate need for favor-
able retention rates and future concern about lost intellectual potential and leader-
ship for the profession. It is hoped that the many details and examples shown in this 
text, admittedly verbose for those with experience but needed for the target 
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audience of this text, will help those who are still new at biostatistics and in turn 
improve retention of students and career advancement of future biostatisticians.

Data scientists provide value beyond the immediate. Following along with this 
concept, value is added to this text in that most lessons are enhanced by greatly 
detailed addenda, often multiple addenda in each lesson. New ideas, exposure to 
new tidyverse ecosystem packages and functions, and needed skills are gradually 
addressed with each advancing lesson. The addenda often introduce, reinforce, and 
expand on specialized tidyverse ecosystem packages and functions that go beyond 
what was previously presented, address parametric versus nonparametric approaches 
toward data, and often include practice data sets that support incremental engage-
ment in pursuit of advanced skills.

Of equal importance to those with interest beyond any cursory introduction to 
biostatistics, many challenge activities are included throughout each lesson and the 
addenda. The challenges at first are simple and should be successfully completed by 
all. Later, as the text continues, the challenges are more detailed, calling for creative 
attempts to achieve success, with some challenge activities lacking complete guid-
ance, purposely. The later challenges are often worded so that there is no one and 
only one correct approach to resolution but instead the challenges allow for multiple 
approaches at resolution. A few of the last challenges also call for individual inquiry 
into more advanced topics and resources in the use of R with biostatistics than what 
is presented in the text. Not to be redundant, but these later challenges will indeed 
be challenging, but of course data scientists face challenges daily.

Additional value is also added in that each external dataset mentioned and used 
has been placed at the publisher’s Web site for this text. These datasets are easily 
available for download, and their inclusion makes it possible to follow along with 
the syntax presented in the text. Ideally, use the syntax and provided datasets to 
reproduce the outcomes shown in this text. Then, go beyond the original syntax and 
try different approaches to data organization, experiment with other data analysis 
approaches, and consider additional functions and function arguments to produce 
even more enhanced figures and maps, etc. Take on the role of a data scientist and 
add value beyond base requirements.

Dr. Thomas W. MacFarland
Senior Research Associate
Office of Institutional Effectiveness; and Associate Professor
College of Computing and Engineering
Nova Southeastern University
3301 College Avenue
Fort Lauderdale
Florida 33314 
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Preface

The use of R and specifically the use of APIs and R’s evolving tidyverse ecosystem 
for engagement in biostatistics is the focus of this text. By following along with a 
gradual exposure to R, APIs, and the tidyverse ecosystem, this text should help 
beginning students and early stages researchers gradually increase their skills with 
the use of R syntax for inquiries into biostatistics.

The first lesson of this text is somewhat unique in that it looks closely at the way 
data science is viewed as an emerged (not emerging) discipline in higher education. 
The United States Department of Education has a hierarchical coding system for the 
way academic majors are organized, and from this system, a large collection of 
majors that call for some degree of expertise in data science is identified. These 
majors are then put into context by the hierarchical coding system used by the 
United States Department of Labor and the eventual transition from academic prep-
aration to careers. Although higher education has experienced a noticeable decline 
in enrollment over the last few years, that is not the case for data science. There is 
clearly an increase in interest in data science, not surprisingly due to the growth of 
data science as a career opportunity. Employment in data science is projected to 
grow and salaries are projected to increase. A few basic summaries on the use of R 
and data types are also stressed in the first lesson, as either a recapitulation for those 
with prior exposure to R or as an introduction for those who are not as well versed 
in the use of R and how data are viewed.

The next two lessons look closely at data. A summary of possible data sources 
related to biostatistics is the focus of the second lesson. Although it may seem intui-
tive to those with experience, beginning students and early stages researchers need 
to know that there are many resources that either provide data that may totally meet 
needs as inquiries are attempted, or the data may serve as a useful proxy. Government 
data sources are especially valued and are stressed in this lesson. Knowing possible 
data resources, the third lesson stresses a curated ten-point process at statistical 
analyses, with an emphasis in the lesson on how these processes are used with an 
all-inclusive demonstration of statistical tests.

The process stressed in the third lesson leads to a more detailed introduction to 
the tidyverse ecosystem in the fourth lesson. Emphasis is placed on how the 
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tidyverse ecosystem is used to organize workflow, as inquiries into biostatistics are 
attempted. The fourth lesson goes into detail on core tidyverse ecosystem packages 
and auxiliary packages that complement a tidy workflow. These R packages and 
their many associated functions and arguments are then detailed throughout the 
remaining parts of this text.

The fifth lesson is focused on statistical analyses. Specific tests are demonstrated 
and there is also considerable discussion on the issue of parametric versus nonpara-
metric approaches to statistical testing.

In contrast to the use of a GUI (Graphical User Interface) and click-type selec-
tions to build and download a dataset, the sixth lesson emphasizes an API 
(Application Programming Interface) approach to data acquisition. An API consists 
of syntax within an R work session and the use of syntax is a far more efficient and 
reproducible means of obtaining data than undocumented GUI selections. Different 
resources that support R-based APIs are identified in the sixth lesson.

The concluding seventh lesson provides a detailed summary of what was covered 
throughout the text, including: how data are obtained using an API; how data are put 
into tidy format; how data are subjected to statistical tests; and how data are used to 
create a wide variety of figures, including maps. Along with use of the data, a few 
ideas on how data scientists prepare summary reports are also demonstrated. The 
ending lesson is worded to look forward to the world of data science and how R is 
used to support inquiries, with ending comments on the favorable future of data sci-
ence, along with general ideas about professionalism and soft skills in the data sci-
ence workplace as well as data science in the large. Finally, the text ends with 
information needed to contact the author and a reminder on how to obtain all datas-
ets referenced in this text.

Fort Lauderdale, FL, USA� Thomas W. MacFarland 
Fall 2023

Preface
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