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Introduction

With the increasing amount of data available, better methods are required to analyse large data files. Although spreadsheets can
be used to collate and review data with up to around 100 patients. This becomes more difficult with larger data sets.

When performing the analysis, it is important to document themethods so that results can be verified. It is now common practice for
journals to request data to be uploaded as part of the publication. This allows for independent verification and scrutiny. Although
uncommon, there have been high profile retractions of published literature because results could not be verified (1–3).

Often, specialist advice is required for analysis. However, all studies should have a thorough open and transparent analysis that
is robust to scrutiny, repeatable and reproducible (4).

In this short paper, the advantages of reproducible research and how to achieve it are discussed.

Data

Smaller data sets are often created on a spreadsheet where the variables are defined. When constructing a spreadsheet, it
is important to adhere to the principles of tidy data (5) with observations in rows and variables in columns. Adhering to these
principles will avoid a lot of subsequent data wrangling. In clinical practice, observations are often patients. However, if there
are more than one observation on a patient, it is important to have an unique identifier for each observation. Frequently, a lot of
time is spent wrangling and cleaning data. Any data manipulation technique could potentially introduce error. By obtaining the
appropriate advice beforehand, it can be assured that data is recorded properly and consistently. Factorial variables frequently
have to be redefined due to inconsistent format (e.g.: “f”, “F”, “female”, “Female”).

Dates require particular mention as parsing of dates in different types of software can be troublesome. It is strongly recommended
to use the ISO standard when recording dates (6) to avoid unnecessary problems.

Variable names are often inconsistent with unnecessary information. Particularly spaces in a variable name can be troublesome
in scripts of statistical software. It is recommended to avoid spaces in variable names and use popular styles like camelCase or
snake_case. All styles are frequently used but it is important to be consistent (8).

It is recommended to collect primary data such as ‘date_of_birth’ and ‘date_operation’ and subsequently calculate the age with
software as this approach is less prone to error. However, a dataset that is to be shared publicly should not contain the date of
birth or date of procedure as this could make patients potentially identifiable. Although, these calculations can be made within a
spreadsheet, it may be preferable to use statistical software for this. In a spreadsheet, calculated fields often become NA when
the underlying data is removed.

It is important not to ‘squirrel away’ data and have multiple spread sheets nobody knows anything about. It is better to have the
data in a format that has been agreed and can be accessed by all with proper version control. Version control can be very simple
using a naming convention or software. Software such as GIT (9) needs some practice but allows easy review of changes that
have been made and is more robust. A Shared, collaborative and open approach is more likely to result in reproducible research
of high-quality worthy of publication.

Larger data sets are often downloaded from databases using queries dependent on the inclusion and exclusion criteria. Data
is subsequently filtered to produce a raw data. Particularly with larger data sets, data integrity, reliability and accuracy can be a
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problem. Data validation test should be performed before analysis. Frequently there are NA values that need review. It can be
difficult to know what to do with NA values as excluding them introduces bias. Often imputation techniques are used.

Data are nowadays more openly available and online scrutiny is increasingly vigorous. (10). Consequently, it is important to be
open about your methods. With this approach you can learn from your errors and improve.

Software

For simple analysis, spreadsheet software can be used. However, as mentioned it has its drawback particularly in relation to
dates and calculated fields. However, for more complicated analysis often specialist statistical software is required. Using a
non-standardised propriety format makes it necessary to have the software to access the data. Although some software is widely
available, other software is prohibitively expensive. It is preferable to use a common format that is accessible to everybody.

Although not a defined standard, for data sharing comma separated values (11) files are in common use and can be read by freely
available open-source software such as text editors, Python and R (12,13).

Propriety software often has a Graphical User Interface (GUI). When performing complicated analysis using a GUI, it is difficult to
document all options that were chosen in multiple different menus. Consequently, it may be difficult to reproduce the result. It is
preferable to use software that uses a script for analysis. Apart from performing the analysis, the script is also documentation of
the method that has been used. Furthermore, it is possible to use the same script on future data, allowing a comparable analysis.

Contrary to open-source software, propriety software doesn’t reveal what is going on ‘under the hood’. Furthermore, open-source
software is often freely available. This allows external scrutiny and development of better software. Software that is not up to
scrutiny simply doesn’t survive.

As there are many software packages available to perform analysis, it is important to document the packages, version numbers
and dates in the methods.

Propriety menu driven software perhaps makes it easier to ‘fish’ for significant p-values, rather than selecting robust statistical
methods. It is recommended to read the statement of the American Statistical Society regarding p-values (14). Interestingly,
some journals have now banned the use of p-values (15). Particularly when performing multiple tests, it is important to have an
assessment of the false positive rate and use the appropriate correction.

Summary

Robust data collection in a tidy format that is analysed with open-source software using scripts with full documentation of the
packages used should be reproducible. This open and transparent analysis will improve your research and make you a better
scientist.

This paper has been written with open-source software, including Zotero (16) reference manager.
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Packages Used

package version date

base 4.0.3 2020-10-11
rmarkdown 2.5 2020-10-20
knitr 1.30 2020-09-22
survival 3.2.7 2020-09-24
colorspace 2.0.0 2020-11-05
readxl 1.3.1 2019-03-13
lubridate 1.7.9.2 2020-11-11
forcats 0.5.0 2020-03-01
stringr 1.4.0 2019-02-09
dplyr 1.0.2 2020-08-12
purrr 0.3.4 2020-04-16
readr 1.4.0 2020-10-01
tidyr 1.1.2 2020-08-26
tibble 3.0.4 2020-10-11
ggplot2 3.3.2 2020-06-17
tidyverse 1.3.0 2019-11-20
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