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William Irish



What is Statistics?

Statistics is the science of learning from data, and of measuring, 
controlling, and communicating uncertainty; and it thereby 
provides the navigation essential for controlling the course of 
scientific and societal advances (Davidian, M. and Louis, T. A., 
10.1126/science.1218685).

William Irish

"The best thing about being a statistician is that you get to play in 
everyone else's backyard." (John Tukey, Bell Labs, Princeton University)



Role of Statistics in Research

William Irish

• Validity
• Will this study help answer the research question?
• Is the study design adequate?

• Efficiency
• Is the study the correct size, making best use of resources?

• Analysis and Reporting
• What analysis and how should this be interpreted and 

reported?
• Are the results meaningful?



Inappropriate Use of Statistical 
Analysis

William Irish

• Incorrect conclusions
• Artificial research results
• Waste of valuable resources

Altman DG. Statist. Med. 1998; 17: 2661‐2674



Stages of the Scientific Research 
Process

William Irish

Study Design

Methods

Data 
AnalysisPresentation

Interpretation

Strasak et al. Swiss Med Wkly 2007; 137: 44‐49



Common Mistakes in Study Design 

William Irish

• Study aims and primary outcome measures not clearly 
stated

• No a priori sample size calculation/effect size estimation 
(power calculation)

• No clear a priori description of the null hypothesis under 
investigation

• Failure to use and report randomization
• Method of randomization not clearly stated

• Failure to use or report blinding if possible
• Use of an inappropriate control group
• Inappropriate testing for equality of baseline characteristics



Common Mistakes in Documentation 
of Methods 

William Irish

• Failure to specify/define all tests used clearly and correctly
• Failure to state if test was paired or unpaired

• Wrong name for statistical tests
• Referring to unusual or obscure methods without explanation 

or reference
• Failure to specify which test was applied on a given set of 

data if more than one test was done
• “Where appropriate” statement



Common Mistakes in Data Analysis 

William Irish

• Use of wrong statistical tests
• E.g., use of an inappropriate test for the hypothesis 

under investigation
• Inflation of Type I error

• Failure to include a multiple-comparison correction
• Inappropriate post-hoc subgroup analysis

• Failure to use multivariable techniques to adjust for 
confounding factors



Common Mistakes in Presentation 

William Irish

• Inadequate graphical or numerical description of basic data
• E.g., mean but no indication of variability of the data or 

giving SE instead of SD to describe data
• Inappropriate and poor reporting of results

• Results given only as p-values, no confidence intervals 
given

• “p=NS”, “p<0.05” or arbitrary thresholds instead of 
reporting exact p-values

• Numerical information given to an unrealistic level of 
precision

• Inappropriate use or misleading statistics
• Measures of strength of association
• Correlation and not causation



Example Misleading Statistics
Correlation versus Causation

William Irish

The invalid assumption that correlation implies cause is probably among the two or three most serious and 
common errors of human reasoning.

Stephen Jay Gould, American evolutionary biologist and author, 1981

Scientific Correspondence

Nature 399, 113‐114 (13 May 1999) | doi:10.1038/20094

Myopia and ambient lighting at night

Graham E. Quinn1,2, Chai H. Shin1, Maureen G. Maguire2 & Richard A. Stone2

Myopia, or short‐sightedness, occurs when the image of distant objects, focused by the cornea and lens, 
falls in front of the retina. It commonly arises from excessive postnatal eye growth, particularly in the 
vitreous cavity. Its prevalence is increasing and now reaches 70‐90% in some Asian populations1,2. As well 
as requiring optical correction, myopia is a leading risk factor for acquired blindness in adults because it 
predisposes individuals to retinal detachment, retinal degeneration and glaucoma. It typically develops in 
the early school years but can manifest into early adulthood2. Its aetiology is poorly understood but may 
involve genetic and environmental factors1,2, such as viewing close objects, although how this stimulates 
eye growth is not known3. We have looked at the effects of light exposure on vision, and find a strong 
association between myopia and night‐time ambient light exposure during sleep in children before they 
reach two years of age.



The Problem of Interpretation

William Irish

• Wrong interpretation of results
• “non significant” interpreted as “no effect”, or “no 

difference”
• Drawing conclusions not supported by the study data
• Significance claimed without data analysis or statistical 

test mentioned
• Poor interpretation of results

• Disregard for Type II error when reporting non-
significant results

• Failure to discuss sources of potential bias and 
confounding factors

BI2
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BI2 Bill Irish, 05/11/2015



Improving the Quality of Statistics in  
Journals 

William Irish

• The CONSORT Statement
http://www.consort-statement.org/

• The STROBE Statement
http://www.strobe-statement.org/

• The PRISMA Statement
http://www.prisma-statement.org/

• The STARD Statement
http://www.equator-network.org/reporting-guidelines/stard/

• The ARRIVE Guidelines
http://www.nc3rs.org.uk/arrive-guidelines/



Conclusions

William Irish

The careful and accurate use, and reporting of statistics in 
research is of major importance 

“The use of statistics in medical diagnoses and biomedical research 
may affect whether individuals live or die, whether their health is 
protected or jeopardized, and whether medical science advances or 
gets sidetracked. […] Because society depends on sound statistical 
practice, all practitioners of statistics, whatever their training and 
occupation, have social obligations to perform their work in a 
professional, competent, and ethical manner.”

Ethical Guidelines for Statistical Practice, American Statistical 
Association, 1999



Best Practices for 
Reporting Methods and Statistics 
& Ways to Avoid Common Pitfalls

Dana Turner
Design and Methods Advisor 

Headache: The Journal of Head and Face Pain
danapturner@gmail.com



Good Methodological & Statistical 
Reporting 

• Always adhere to journal-specific author guidelines

• Standardized Reporting Checklists (health research)

• EQUATOR Network www.equator-network.org

• CONSORT, STROBE, etc.

Dana Turner 



EQUATOR Network

Dana Turner 



Commonly Seen Reporting Problems

Dana Turner

• Missing Basic Study Design/Participant Selection Details

• Aims that Cannot be Achieved with the Study Design

• Undeclared Duplicate/Secondary Publications

• Missing Statistical Methods

• Under-Reported Statistical Findings

• Vague Abstracts



Missing Basic Study 
Design/Participant Selection Details

Dana Turner

• Sample size determination

• Context of data collection

• Inclusion/exclusion criteria

• Informed consent and ethics board approval

• Randomization procedures

• Detail of statistical analysis methods



Participation Selection Example

Dana Turner 

• Original: 
“Participants were selected from patients at a university-based 
neurology clinic.”

• Revision: 
“After ethics board approval was obtained, consecutive patients 
presenting for specialty evaluation at a university-based neurology 
clinic in the northeastern US between September 2012 and March 
2014 were invited to participate in the study.  Out of these 218 
available patients, 185 provided consent to participate and were 
enrolled in the study.”



Randomization Example

Dana Turner 

• Original: 
“Patients were randomly assigned to one of two groups based on 
a computer program.”

• Revision: 
“Patients were randomly assigned in a 1:1 ratio using  permuted 
blocks of size four to one of two conditions.  The randomization 
was conducted by a statistician using proc plan (SAS 9.3).  The 
randomization sequence was concealed in sealed envelopes and 
administered by a study nurse.



Aims that Cannot be Achieved with 
the Study Design

Dana Turner

• Know what the study design is capable of demonstrating

• The stated aims/hypotheses of the study must be in line with the 
design

• The conclusions and discussion section should not overstate the 
findings

• Example: Causal statements made from an observational study



Undeclared Duplicate/Secondary 
Publications

Dana Turner

• Manuscript that purports to be a primary report of an original study

• Self-plagiarism occurs when there is substantial overlap between 
papers by the same author

• Some repetition is acceptable (e.g., methods)

• Reporting same findings in results section or re-using a table or 
figure without proper citation is problematic



Undeclared Duplicate/Secondary 
Publication Example

Dana Turner

• Original: 
“A portion of this data has been analyzed in our previous 
publication (Researchers, 2009).”

• Revision: 
“Data from the first 50 participants (i.e., those enrolled between 
February 2007 and May 2008) were analyzed in our previous 
publication (Researchers, 2009).  This manuscript includes those 
participants plus data from an additional 150 participants collected 
between June 2008 and January 2009.”



Poor Statistical Reporting

Dana Turner

• Solitary p-values

• Lack of effect size

• Interpreting p-values as effect sizes (e.g., trend toward significance, 
highly significant)

• Ambiguous or poorly reported sample size

• Missing data 



Abstracts

Dana Turner

• The abstract is the only part of the document that is publicly 
available.

• These are widely read and crucially important.

• It has even been rumored that people may cite abstracts without 
reading the entire paper.  We should give those hypothetical people 
something to cite (e.g., empirical findings).



Abstract Example

Dana Turner

• Original: 
Methods: “Participants completed a series of questionnaires 
during one sitting.”  

• Revision: 
Methods: “210 migraine sufferers recruited from three university-
based headache clinics completed newly designed questionnaires 
to assess potential migraine triggers and perceived association 
with migraine attacks.”



Abstract Example

Dana Turner

• Original: 
Results: “Individuals with . . . had a lower headache frequency 
than individuals with . . .  (p = 0.031).”

• Revision: 
Results: “Individuals with . . . exhibited a mean headache 
frequency of 4.2 (2.1) days while individuals with . . . exhibited a 
mean headache frequency of 6.1 (3.0), mean difference: 1.9 (95% 
CI: 0.9 to 2.9), p = 0.031.”



Reproducible Research
A Review and Recommendations

Benjamin Hofner
RR Editor, Biometrical Journal 

benjamin.hofner@fau.de

Department of Medical Informatics, Biometry and Epidemiology
Friedrich-Alexander-Universität Erlangen-Nürnberg



Reproducible Research Initiative

Biometrical Journal started Reproducible Research (RR) initiative 
in 2009:

• Authors are (strongly) encouraged to make their results 
reproducible

• After acceptance of the article code and data are sent to the RR 
Editor

• Code and data are only published when results can be reproduced

T. Hothorn, L. Held, and T. Friede (2009). Biometrical journal and reproducible research. 
Biometrical Journal, 51(4):553-555.

Benjamin Hofner



Impact of RR Initiative

Vol. 50, 20081 Roughly 10% of the articles might be reproducible

Vol. 56, 20142 Roughly 50% of the articles are reproducible

► Increase by factor 5!

1 T. Hothorn, L. Held, and T. Friede (2009). Biometrical journal and reproducible research. 
Biometrical Journal, 51(4):553-555.
2 B. Hofner, M. Schmid and L. Edler (2015). Reproducible research in statistics: A review and 
guidelines for the Biometrical Journal. Submitted to Biometrical Journal.

Benjamin Hofner



Review of Code Assessments
in the Biometrical Journal

The remainder of this talk is based on
B. Hofner, M. Schmid and L. Edler (2015). Reproducible research in statistics: 
A review and guidelines for the Biometrical Journal. Submitted to Biometrical Journal.

Benjamin Hofner

• We checked 56 papers for reproducibility from 03/2014 to 03/2015



Common issues and problems

Benjamin Hofner

Reproducibility issues
Missing data or code 25 (44.6%)

Code produced errors 21 (37.5%)

Code ran but…

…did not reproduce results 9 (16.1%)

…did not reproduce all tables/figures 29 (51.8%)

No seed used for RNG 14 (25.0%)

Code and paper were difficult to match 23 (41.1%)

Documentation issues
Missing README 45 (80.4%)

Bad documentation of code and functions 23 (41.1%)

Unnecessary comments and code 17 (30.4%)

Code supplied as PDF/Word/… 8 (14.3%)

Programming style issues
Usage of absolute paths 10 (17.9%)

Bad coding style 12 (21.4%)

Too many code files/difficult file names 6 (10.4%)

(RNG = Random number generation)

67.9%

91.1%

92.9%

37.5%



► Development and Establishment 
of Guidance for Code Submission

B. Hofner (2015). Specific Guidance on Reproducible Research: Guideline for Code Submissions
URL http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1521-4036/homepage/RR_Guideline.pdf

Benjamin Hofner



General Advice

• Code submission should contain all data and code which is 
needed to reproduce all results, images and tables.

• Otherwise, state the lack to reproduce certain results in a 
README.

Please,
• avoid user input.
• make sure that the code is executable and reproduces the results.
• make sure that the code is executable in a fresh environment.

Benjamin Hofner



README

Essential to understand code and data

Content
• Provide all information needed to run the code
• State dependencies and prerequisites as well as limitations
• Document data sets
• List configuration(s) which were used to test the code
• Provide an email address of the author for questions, comments, 

remarks and bug reports.

Benjamin Hofner



Coding Style and Documentation 

• Code should be well documented and easy to read:
• Use proper code indention
• Use a good and consistent coding style

• Make the code portable (to other computers):
• Avoid special characters
• Avoid absolute paths (e.g., C:/Users/Benjamin/My Code)

For more on relative paths see the appendix of Hofner (2015)

• If absolute paths cannot be avoided, set the path once at the 
beginning of the code.

Benjamin Hofner

B. Hofner (2015). Specific Guidance on Reproducible Research: Guideline for Code Submissions
URL http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1521-4036/homepage/RR_Guideline.pdf



Data Sets 

• Submit data as supplement
• Alternatively use special repositories

• Confidential data:
• Submit data only for internal review
• Use simulated data with similar features as original data

Benjamin Hofner



Simulations and Random Numbers

► Set a seed for the random number generator1

• This allows exact reproduction of results
• To check if the results can be generalized change or remove the 

random seed

Benjamin Hofner

1 A seed is a number used to initialize a pseudo-random number generator. Thus, we 
can generate identical sequences of random numbers if the code is executed again.



A short positive list of what to consider…
for programming, reporting and RR 

Benjamin Hofner

• Document your code properly!
The more the better.
Use literate programming paradigms where sensible and possible.

• Try to write beautiful code!
RStudio or other good editors might help you.

• Avoid absolute paths for better exchangeability!
If really necessary set your path(s) only once at the beginning of the code!

• Check your code in a clean session!
(e.g., after rm(list = ls()) in R)

• If any simulation or random number generation is used, set a seed!
(set.seed(xyz) in R)

• Avoid special characters (if possible)!
• Totally avoid user input!
• Save and share your configuration(s)!

(sessionInfo() in R)

► All this helps you to make your programs portable (to other   
computers) and reusable over time.



The Replication Policy at the
American Journal of Political Science:

Experiences During the First Seven Months

William G. Jacoby
Editor, American Journal of Political Science

Professor, Michigan State University
jacoby@msu.edu



Scientific Objectives

The American Journal of Political Science is committed to the 
general objectives of science.

• Generating and testing powerful theories of political and social 
phenomena

• Rigorous and cumulative research efforts

Science is inherently a social enterprise.

• Progress within any field can only occur when researchers have 
ready access to the procedures, tools, data, and results that were 
used to produce the existing state of knowledge within that field.

William G. Jacoby



AJPS is Taking a Leadership Role

William G. Jacoby

Establishing a research-conducive environment within the 
political science discipline

• Publishing great scientific work!
• Making sure that interested researchers have access to the “raw 

materials” that generated work published in the AJPS

Only feasible way to establish and confirm the quality of 
evidence-based claims within the social science research 
community



Public Commitment to Best Practices

William G. Jacoby

Data Access and Research Transparency (DA-RT)

• Broad statement of principles, initially issued by five journal editors 
in October 2014 and currently endorsed by 27 political science 
journals.

• DA-RT website: http://www.dartstatement.org

Transparency and Openness Promotion (TOP) Guidelines

• Template of policies that journals can adopt to encourage greater 
transparency and reproducibility of published research.

• The TOP Information Commons: http://cos.io/top
• Nosek, B. A. et al. (2015) “Promoting an Open Research Culture.” 

Science 348: 1422-1425



AJPS Replication Policy

William G. Jacoby

For many years, authors of AJPS articles have been asked to 
provide their data for replication purposes.

• Compliance with request was entirely voluntary.
• Availability and quality of replication materials varied widely.

Previous AJPS Editor, Rick Wilson, established a new policy in 
2013.

• Authors must upload replication files to the AJPS Dataverse within 
the Harvard Dataverse Network 
(https://dataverse.harvard.edu/dataverse/ajps)

• No real guidance about what information and materials should be 
provided.

• Content of replication files continued to vary across articles.



Two Important Innovations

William G. Jacoby

First, a new document informs authors about exactly what 
information they are expected to provide and upload to the 
Dataverse.

“The American Journal of Political Science Guidelines for 
Preparing Replication Files”, available at http://ajps.org/

The Guidelines probably will not cover every possible situation.

• They should be sufficient for most data analyses that are reported 
in AJPS articles.

• Objective is to establish a general standard for the information that 
must be made available.



Two Important Innovations

William G. Jacoby

The Guidelines specify that the Replication Dataset for an 
AJPS article must contain:

• A README file listing and describing all replication files contained 
in the article’s Dataset.

• The analysis dataset and a codebook describing its contents.
• Detailed, clear code to reproduce all tables, figures, and exhibits in 

the AJPS article.
• Information about the source of the analysis dataset.
• Instructions for extracting the analysis dataset from the source 

data (including all recodes, transformations, details about missing 
observations, etc.)

Authors can request exemptions from the general replication 
policy for restricted source datasets.



Two Important Innovations

William G. Jacoby

Second, submitted replication materials are verified to make sure 
that they do, in fact, reproduce the analysis results.

Verification is carried out by the Archive Staff at the University of 
North Carolina’s Odum Institute for Research in Social Science.

Authors are informed that acceptance of a manuscript is 
contingent upon successful replication of the results.

Support for the verification process is provided by the Midwest 
Political Science Association.



Two Important Innovations

William G. Jacoby

Verification or replication materials is now a regular component 
of the publication workflow

• Author is instructed to upload replication files to the AJPS
Dataverse at the same time the final draft of the accepted 
manuscript is submitted.

• The Odum Institute staff verifies that the full set of replication files 
has been provided and that they can be used to reproduce all 
analytic results from the AJPS article.

• If problems occur, Odum staff inform the AJPS Editor, who then 
informs the author.

• The author resolves the issues and resubmits the replication 
materials for re-checking by Odum staff.

• The process continues until the replication is carried out 
successfully.



How is the Replication Policy 
Working? 

William G. Jacoby

The AJPS Dataverse was first announced in July 2012.

• The first Study (i.e., set of replication files for an AJPS article) 
was released for public use in September 2013.

• The AJPS Dataverse currently contains 213 Datasets (formerly 
called Studies).

The New AJPS Replication Policy was announced on 
March 26, 2015.

• As of October 15, 2015, Odum Institute staff have worked with 
replication materials for 48 accepted manuscripts.

• Of these, 37 have been released and are now available on the 
AJPS Dataverse.



How is the Replication Policy 
Working? 

William G. Jacoby

Initial replication files provided by authors usually need work.

• Most authors need to correct and resubmit their replication files 
one or more times.

• Maximum number of resubmissions is 4, and the mean number of 
resubmissions is 1.50.

• Only five cases (out of 37) in which replication files successfully 
reproduced all analyses on the first try.



How is the Replication Policy 
Working? 

William G. Jacoby

Verification process does add some time to the publication workflow.

• Number of days from arrival at the Odum Institute to release of Dataverse
Dataset ranges from 8 to 114.

• Mean length of verification process is 38.64 days.

Part of the time in the verification process is due to author responses.

• Number of days from arrival at the Odum Institute to the initial Verification 
Report ranges from 1 to 38.

• Mean time until initial Verification Report is 13.95 days.

Benefits of verification process far outweigh any costs to author, 
Editor, or publisher.



Conclusions

William G. Jacoby

The new AJPS replication policy makes an important 
contribution to the infrastructure of social science research.

Social sciences traditionally have paid lip service to the 
standards of research transparency and replicability of results.

The new policy requires us to “practice what we preach” and 
adhere to standards in a meaningful way.



Conclusions

William G. Jacoby

The new Replication Policy benefits the AJPS by providing 
additional direct evidence regarding the quality of the work that 
appears in its pages. 

Hopefully, the AJPS will serve as a “role model” in a way that 
facilitates transparency and improves the integrity of political 
science research more generally.

The new AJPS replication standards should contribute directly 
to a more rigorous, rational, theory-driven, and cumulative 
approach to understanding political and social phenomena.



Questions?



Thank you!


