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Objectives for this webinar:
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1. Understanding rigor and reproducibility in research
2. The importance of proper data management
3. Some best practices in data management and statistical 

summaries
4. Introduction to BERD House



• Suppose we conducted a clinical trial of a new 
treatment to reduce blood pressure.

• The goal was to show that the new treatment is more 
effective in reducing blood pressure compared to 
standard medication

• We observe a statistically significant difference in systolic 
blood pressure reduction at 12 months (6 mm Hg in the 
treatment arm vs -1 mm Hg in the standard arm)

We publish the findings…but do we trust the results?

Example
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“The bottom line…..is that when science is done well, 
it produces believable, replicable, and generalizable 
findings”  

-Jon Krosnick, the Frederic O. Glover Professor of Humanities and Social   
Sciences in the Stanford School of Humanities and Sciences

Scientific Advancement
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https://profiles.stanford.edu/jon-krosnick?releaseVersion=10.5.2


Scientific rigor is the strict application of the scientific 
method to ensure unbiased and well-controlled 
experimental design, methodology, analysis, 
interpretation and reporting of results

Scientific Rigor = science done well
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Some ways to ensure scientific rigor:

• Randomization and blinding

• Adequate power/sample size – under reasonable assumptions, 
allowing us to be confident that if the treatment reduces BP by a certain 
amount, we will likely be able to detect it

• Carefully defined outcome measures - exactly how the outcome will 
be measured, under what conditions, procedures to minimize bias and 
handle potential data issues like missing data

• Proper statistical analysis – giving us the best tools to measure and 
test for an effect

Scientific Rigor
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• If data are collected not according to protocol (ex: no rest 
period before measuring BP).  

• Lax data entry can result in inconsistencies and errors.  Data 
are entered incorrectly, in the wrong units

What if data collection or entry is different between 
treatment arms?

How does poor data collection impact scientific 
rigor?
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patient Systolic BP 
at baseline

Diastolic BP 
at baseline

Weight (lbs)

1 121 72 134
2 140 90 152
3 105 120 133
3 105 120 133
4 108 84 104

Data entry
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Errors can be systematic (occurring mostly in one group) or random and cause lower 
power/precision, over/underestimated treatment effects, or incorrect interpretations

Mistakes can cause a treatment effect to appear or disappear 

wrong units: 104kg = 229lbs
duplicates
mix-up



• Scientific (computational) reproducibility is the ability of independent 
researchers to obtain identical results when using the same 
computational steps, methods, code, and raw data. 

• Replicability is consistency with the original results if we follow the 
same experimental design and methods, obtain new data, and analyze

Note:  Often these two terms are used interchangeably 

• Generalizability is when the results are consistent across different 
populations (ex: younger patients, rural populations, different countries) 
and time

Scientific Reproducibility
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When study results cannot be reproduced or replicated, it is not always 
obvious what is different between the studies and whether it is a 
consequence of:

▻ biological variability

▻ insufficient sample size 

▻ poor generalization to different populations

▻ experimental and data errors

▻ failure to implement the same protocol

▻ incorrect statistical analysis

▻ p-value hacking

▻ fraud

Rigor and Reproducibility
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As a biostatistician, many times I have received code and data from other 
biostatisticians or institutions and not been able to reproduce tables 
and figures.

….And to be honest, there have been situations where I have worked on an analysis and then a year later been unable to 
reproduce my original results easily and spent days tracking down the differences to resolve it.  

Scientific Reproducibility
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Reproducibility crisis in 
medical research?
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• In 2016, the journal Nature surveyed 1576 
researchers on reproducibility 

• 52 percent reported that replicating results is a 
“significant” problem and another 38 percent believe 
a “slight crisis” exists. 

• More than 70 percent of researchers have tried and 
failed to reproduce another scientist’s experiments.

• More than half of the respondents reported that 
they failed to reproduce their own experiments.

Baker, M. 1,500 scientists lift the lid on reproducibility. Nature 533, 452–454 (2016).



Patient data                 Data entry       Data management         Analysis/interpretation

Rigor and Reproducibility
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Many entry points for error.  You can have valid study design and properly collected data and still 
have a lack of reproducibility and rigor at the end!

Study Design and 
Research Questions



Rigor and Reproducibility can be impacted when there is:

• Inconsistent data collection: Different sites define and measure the 
outcome differently 

• Lack of standardization: for example, each site has their own unique 
EXCEL spreadsheet, resulting in inconsistent data fields and formats 
across sites.

• No validation: no validation rules or error checks in place for the data 
entry forms, allowing for out-of-range values, typographical errors, and 
other inaccuracies to go unnoticed.

• Different versions of the data set with poor tracking of edits made

Data management

Harold and Muriel Block Institute for Clinical and Translational Research at Einstein and Montefiore 14



▻ How did I get to 84 patients in my analysis set from the original 100 
patients on the study?  

▻ Which patients did I “correct” BPs on?

▻ Which file represents the final analysis data set?

▻ Why did the resident/study coordinator/PI change these values?

▻ How did I produce this table/figure/summary?

▻ I need to send the study data to a group at Northwestern.  It’s a mess!!!

Poor data management:

Harold and Muriel Block Institute for Clinical and Translational Research at Einstein and Montefiore 15



Typical scenario:  interviewing patients or extracting data from EHR or 
chart review and storing in an Excel spreadsheet 

Issues with using EXCEL to manage data:

• No explicit version control or date stamp. Once a change is made the 
previous value is gone forever unless carefully recorded and the 
previous version is saved

• Wide spreadsheets with lots of variables is difficult to navigate

• Standardization − e.g.: “Black” vs “black” vs “black/other” vs “AA”

• Inconsistent missing codes – “N/A” vs “.” vs “na” vs “missing” vs. “not 
applicable” vs. “no value” vs. “-”………….

• Dates like 01/18/2204 are seen all the time

EXCEL
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• Be consistent with EVERYTHING!  
▻ naming conventions (DBP_wk1, wk_6_DBP, DBP_1year is not 

consistent), 

▻ missing value codes

▻ formats for dates – stick to one way

• Use descriptive variable names (but not too long)

• Assume your data sheet will eventually be transported into SAS, R, 
SPSS for analysis,…highlighting and different colors should not be 
used to convey information

Working in EXCEL
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• EXCEL data sheets for data input and clinical use are not formatted in 
the same way as data sheets for analysis

▻ Example long vs wide data

Working in EXCEL
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Use data validation in EXCEL

Working in EXCEL
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• Start with a copy of the original data 
that will remain untouched 

• When data corrections are made, 

  save in a different version

• Create a READ ME file detailing all 
data corrections 

Working in EXCEL
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• An efficient electronic data capture software

• Meets HIPAA requirements for collection of 
protected health information

• Multiple users per project for administrators, 
analysts, data entry personnel

• Built-in reports and descriptive statistics

• Can also be used for longitudinal studies and 
randomized clinical trials

• Can build-in controls for allowable data values 
and logic
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• Always have a time-stamped raw, untouched data set. Never 
manipulate this version so you can always go back to it.

• Keep a careful data flow chart – when patients are removed from a 
data set of values are changed you should have a record of when and 
why

• Work with “frozen” data files by date

• Clean and analyze data in SAS/R/Stata if possible (code based)

• Create code that can be re-run easily – include lots of comments and 
all data changes coded 

Best practices in data management
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• Published guidelines for clinical trials (e.g. CONSORT, PCORI)

• Research Data Management Planning Checklists

https://researchdata.wisc.edu/resources/research-data-management-
planning-checklist/

▻ Data collection – types, formats

▻ Data storage

▻ Data security

▻ Data retention

Helpful resources
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http://www.consort-statement.org/
https://www.pcori.org/research-results/about-our-research/research-methodology/pcori-methodology-standards


BERD House
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BERD House
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• Find a statistical software/data management package that works for 
you

• Create a standard template for reporting results – what variables are 
most important to summarize?  What kinds of summaries are 
expected/appropriate?

• Avoid cut and paste or manual entry of summaries 

Best Practices in summarizing data
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Important to understand the form of your data before trying to 
summarizing it

1. Continuous Data
 Examples:  Vitamin D levels, gene expression, weight,…. 

     A continuous variable can take any value within an interval

2. Categorical (discrete) data
 Examples:  gender, event occurrence (yes/no) pain score (1-5)…..

       A categorical variable can only take discrete values 

Types of Data
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• We may further break down discrete data into:
▻ Nominal data
 For example, gender

▻ Ordinal data 
For example, pain scores are between 1 (no pain) and 5 (severe pain).  

The order matters, but not the difference between values.  

Types of Data
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Describes the central position within a set of data – which value the 
data tend to cluster around

Common statistics:

• Arithmetic Mean – impacted by outliers (for example, the average net 
worth in the US is highly impacted by Bill Gates and Jeff Bezos)

• Median – the middle number in a ranked list

• Mode – the most commonly occurring number

Measures of Central Tendency
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• Range
▻ Interval between the highest and lowest values in a sample

▻ Heavily influenced by extreme values

• Percentiles
▻ Order data and divide into 100 separate cut-points (percentiles)

▻ 25th percentile is 13.2  -> that 25% of observed values are ≤  13.2

▻ IQR – 75th -25th percentiles

• Standard deviation – how much a “typical” observation varies from 
the mean.  Assumes a symmetrical distribution

Measures of Spread
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• For nominal data types (e.g.: race/ethnicity, biological sex)
▻ Counts (n) and %

• For ordinal data (e.g.: pain scale 1-5)
▻ Counts (n) and %

▻ Median to reflect the middle value

▻ Range and IQR to reflect the spread of values

▻ The “average” value makes less sense here unless we can assume 
equal distances between values

Summarizing Discrete data types
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Example:  Suppose we survey 1000 people on their yearly income to 
examine the association with health outcomes.  We code three levels of 
income:

 1 = low  $0 - $30,000/year  

    2 = moderate  $30,001-100,000/year

    3 = high  >$100,000/year

Observed incomes (n=7):  25k, 30k, 35k, 36k, 195k, 250k, 720k

Average income level: 2.14.  What does this mean?

The mean treats income levels as if they are points on a continuous scale 
with uniform spacing, which does not make sense here

Summarizing Discrete data types
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• If bell-shaped, present mean 

   and standard deviation

• If skewed, present median, IQR

Summarizing Continuous data types
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The distribution of your outcome variable completely dictates the type 
of statistical analysis or model or machine learning algorithm you will 
use:

• Continuous, normally distributed -> t-tests, regression, ANOVA

• Continuous, non-normally distributed -> Wilcoxon, Kruskal-Wallis test

• Binary  -> chi-square tests, logistic regression, decision trees, XGB

• Count -> Poisson regression, ordinal logistic regression

Statistical Analysis

Harold and Muriel Block Institute for Clinical and Translational Research at Einstein and Montefiore 34



• Data management usually takes a lot of time and is a very important 
part of the research 

• Sophisticated modeling or machine learning is meaningless if the 
experiment and data are not correct

• Remember – a logistic regression model, Random Forest, neural 
network, clustering algorithms,…. will take your variables as inputs 
whether they are right or wrong and find patterns in the data

Statistical Analysis
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Introduction to BERD House
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• Using statistical packages can increase rigor and reproducibility 

• If you are interested in obtaining a statistical software package, BERD 
House has resources listed

https://einsteinmed.edu/centers/ictr/biostatistics-epidemiology-research-
design-core/berd-house

• R is freely available for download online.  BERD House has many 
tutorials for learning R, and we now offer introductory R workshops 



Introduction to BERD House
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Introduction to BERD House
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Introduction to BERD House
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Table 1 (demographics table)
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Treatment Response



Questions?

Any topics of interest for future webinars?

Feedback?

Discussion
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