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Presenter
Presentation Notes
I consult with graduate students and faculty in natural resources and biology, and Ecology Center associates, on the design, analysis, interpretation, and presentation of their research. I have a background in biology and ecology, and a masters degree in applied statistics.



Take-away point #1

 
 
 
 
 
 

     PLAN AHEA   D 

Presenter
Presentation Notes
Everyone’s first tip: Plan aheadIn my 10 minutes, I will focus on the overall process of designing and implementing a research study, with emphasis on statistical analysis. Out of necessity, this will be vague, but I hope you’ll see that statistical concepts run through the whole process, not just analysis.Dr Cutler will horrify you with some cautionary tales and encourage you with advice. Dr Bolton will address pre-registration, and Dr Rosenberg will talk about reproducibility. Both of these topics are valuable, even necessary, tools in your toolkit.



Take-away point #2
Do not underestimate the knowledge, time and 
diligence required in data analysis

• Educate yourself
• formal classes, workshops, seminars
• focused self-study: online tutorials, literature, blogs

• Add the necessary methodology to your toolkit early
• Coding in a scripting language 
• Data manipulation
• Data visualization
• Data analyses

Presenter
Presentation Notes
True at all steps, but in particular it is tempting to rush the data screening and exploration step, and to underestimate the statistical analysis effort.Most of the burden will fall to you, so embrace the challenge and devote the time. A statistical consultant advises—she cannot be your personal data analyst.If you have planned ahead, you will have acquired the tools you will need and implemented them at least once with simulated data.You will have reduced (although not necessarily eliminated, unfortunately) the possibility of unpleasant surprises (like, no replication).



Take-away point #3
Draw upon the expertise of others

• Your advisor, committee, and faculty in your field
• Statisticians and quantitative colleagues
• Merrill-Cazier Library Research Data Management 
• Writing Center

Presenter
Presentation Notes
Do not go this alone. The level of sophistication in statistical methods is increasing dramatically. Develop collaborations with statisticians and colleagues with quantitative skills in your field. And do so early, early in the process—Step 0Odds are, you will be underprepared to produce results from sophisticated statistical methods—provided you even know they exist. You want to be effective, but not dangerous. Understand what purposes a method is meant to address, how it works, and its assumptions and limitations. Statistics is a science, not a recipe.Statistical errors can lead to embarrassment, incorrect conclusions, poor policy recommendations, just bad science



“You can’t fix by analysis what you bungled by design.” 
–Light, Singer, and Willett (1990)

Presenter
Presentation Notes
General framework, note where comments by Richard and I might fall, where Rosenberg (reproducibility) and Bolton (pre-registration?) might fallHere is one vision of a flowchart for a scientific study which we will quickly step through. Entire books are written on this process!In an ideal world, you would start at the beginning, but sometimes you are dumped into the middle.Throughout this process, you should see where points 2 (Prepare!) and 3 (Get help!) fit in.



Presenter
Presentation Notes
Seek input from many sources. In particular, collaborate with a statistician (if available).



Presenter
Presentation Notes
What metrics will address the question, and how will you obtain them? At this step you specify your data collection protocol, and your sampling or experimental design, in detail.



Presenter
Presentation Notes
At this step, you identify the analysis methods that likely will be needed, considering the study design and the data characteristics. Clearly, the methods should enable the data to address the question.This step and the previous step are components of pre-registration and reproducibility.



“No one should ever do an experiment without analyzing it first.” 
-- Ronald Crosier

Presenter
Presentation Notes
Many years ago on an old statistics newsgroup, Ronald Crosier wrote“No one should ever do an experiment without analyzing it first”.At this step you simulate data that you expect to obtain. You analyze these data, and see whether the pattern that you expected is evident in the results. Three of many advantages: you must think in depth about what data you expect to see; you identify (and learn) the data manipulation, exploration, visualization, and analysis tools that you will need to your toolkit, well in advance; you assess the power of your studyIf it doesn’t all hang together, then you revisit the first steps of your process. If it looks good, then you proceed to collect actual data.





Presenter
Presentation Notes
Summaries, tabulations and plots!Do not skip these steps. From personal experience, I can say that you will regret it.Just this year, an early career researcher retracted 3 of her publications after serious but subtle problems became apparent in datasets obtained from a collaborator, even though she had conducted extensive screenings.



Presenter
Presentation Notes
This step includes assessments of goodness of fit and assumptions.With actual data in hand, you may find it is unrealistic to follow your initial plan.



Presenter
Presentation Notes
Communication is the goal! Translate statistical results into the context of your study. Tell an honest story, being sure to address areas of uncertainty that still remain.



David Bolton: Assistant Professor, 

Kinesiology & Health Sciences



Editorial pipeline for a 
Registered Report





Presenter
Presentation Notes
Fig. 4 e Main study predictions (Hypotheses 1 and 2). Thisdiagramshows the predicted MEP changes in FDI when thehandle was either (a) visible (blocks a step/affords a reach)or (b) covered (blocks a reach/affords a step). Hypotheses 1tested the prediction that simply viewing a handle withoutpostural threat would result in a significant increase inMEP amplitude relative to a covered handle). Hypotheses 2tested the prediction that this affordance effect (i.e., handleMEP greater than no-handle MEP) would be significantlyincreased in the context of postural threat.



Presenter
Presentation Notes
Note: The reason for imposing a leg block in this Cortex study was simply to encourage the need for the handle (i.e. to force the need for the handle). 



Transcranial Magnetic Stimulation TMS

Martin Figure 2-1 (A)



Presenter
Presentation Notes
Review order of operations here starting with visual occlusion. 



Franca et al, 2013. Corticospinal Facilitation during Observation of Graspable Objects: A Transcranial Magnetic Stimulation Study

Presenter
Presentation Notes
Concept of affordances – what is it? How has it been demonstrated in humans (handle directions on movement speed; fMRI when viewing tools; TMS viewing a cup handle image presented on a computer screen). Why do I care about this concept in the domain of balance control? Physical limitations with speed of transmission, and the need for advance priming. 





Datapalooza

Doing it right from the start

Richard Cutler
Department of Mathematics and Statistics



Datapalooza

About me …

• Member of the statistics faculty 

• Ran the Statistical Consulting Center for 3 years

 Worked on over 250 problems from every college at Utah State University

 Mainly worked with graduate students

• I work on application of statistical methods in many areas but particularly 
ecology and the environment, and in the design and analysis of experiments

• My main area of expertise is statistical learning (machine learning) methods 

 Data Science methodology



Datapalooza

A Cautionary Tale 

• 12 soil cores are taken

• Each core split into top (2—5cm), middle (7—10cm), and bottom (12—15cm)

• The 12 portions at each depth are combined and thoroughly mixed

• 36 samples from each depth are made and randomly assigned to each treatment

• At each Depth and for each treatment, for each of 6 different times 3 samples 
are randomly selected and destructively tested.



Datapalooza

A Cautionary Tale 

• This is a sophisticated experimental design

• A great deal of thought was put into designing the study

• A HUGE amount of effort went into implementing the design and collecting data

• The students advisor and committee signed off on it

• But …



Datapalooza

A Cautionary Tale 

• There is no replication at the “whole plot” level

• Traditional ANOVA techniques are not valid for some of the analyses of interest

• The analysis did not fully meet the student’s objectives

• Two years later, using some extant data we were able to improve the analysis but 
we made heroic assumptions in the process and it was still not completely 
satisfactory

• The problem with the design could have been averted by talking with a 
statistician knowledgeable in the design and analysis of experiments 



Datapalooza

Some thoughts about data analysis

• It can be really hard, much harder than you think

• It’s important to know the details, not just generalities
 Even down to the level of generating “fake” data

• There are usually multiple methods, perhaps multiple approaches, for analyzing 
a given dataset

• Learn as much as you can about the techniques you are going to use

• Talk to people who are experts in the areas of analysis
• Including statistical consultants whenever possible



Building reproducibility from the start

David E. Rosenberg
Datapalooza

February 25, 2020
@WaterModeler

david.rosenberg@usu.edu

Drought management 
with reconstructed 

monthly paleo flows

Water 
conservation



3. Findings 
replicable?

2. Results 
reproducible?

1. Data and 
artifacts 

available?

Reproducibility is a continuum

• Input data
• Models/Code
• Results
• Instructions
• Other digital artifacts

• Figures
• Tables
• Other results

• With new datasets
• In new locations

(Follows NSF and U.S. Dept. 
of Education definitions)

Push work up the continuum!!



How can I make my results more reproducible?

David E. Rosenberg
Yves Filion

Rebecca Teasley
Samuel Sandoval-Solis 

Jory S. Hecht
Jakobus E. van Zyl 

George F. McMahon 
Jeffrey S. Horsburgh 
Joseph R. Kasprzyk
David G. Tarboton

1. Build reproducibility into the project from start –
budget time, money, storage, IRB, and tools

2. Put all materials in a repository

3. Make all inputs to and outputs of proprietary, private, 
& computationally intensive steps available

4. Ask someone to verify your results are reproducible

5. Train students and employees in reproducible practices

+ 42 other tips



You are not alone
Low availability and reproducibility in 360 water papers in 2017

(Stagge et al, 2019 in Nature-Scientific Data)

Environmental Modeling & Software
Hydrology and Earth System Sciences

Water Resources Research
Journal of Hydrology

J. American Water Resources Association
J. Water Resources Planning & Management



We must create a culture where we …

Journals

… reproduce results

Authors Institutions Funders



What prevents me to make my results more 
reproducible?

1. More author effort
2. Must learn new skills
3. Fear being scooped
4. Can not share proprietary data
5. Nor share high performance 

computing, big data, or 
methods with long run times

6. Takes time and expertise to 
reproduce others’ results. 

7. We value journal articles
8. Unintentionally encourage 

researchers to pursue easily 
reproduced methods



Why make my results more reproducible?

1. Increase access, use, and extend work
2. Improve trust
3. Enable benchmark studies
4. Organize materials in perpetuity
5. Reduce effort to respond to email requests
6. Learn by doing
7. Narrow gap between academics and professionals
8. Funders often require you to!!

Authors, journals, funders, institutions must create a culture where we 
reproduce results



Figure 2. Make a proprietary work flow more reproducible. Example 
with General Algebraic Modeling System (GAMS) optimization model

Make file(s) 
available

Make file(s) 
available

This step not 
reproducible

Make file(s) 
available

Make file(s) 
available

Input Data GAMS Model 
(.gms)

OutputProprietary 
Solver

Post 
Process

GDX

License

How can I make proprietary data and model 
results more reproducible?



What is next?

• Go to 
https://tinyurl.com/WhatNext2Reproduce

• Pick a project. Then answer:
1. What data, models, code, and other 

electronic materials will the project 
generate?

2. Current plan to make materials available 
to others?

3. How to make materials more available 
and reproducible?

Additional Resources

• Rosenberg et al (in press). "The 
Next Frontier: Making Research 
More Reproducible." Journal of 
Water Resources Planning and 
Management.

• Stagge et al (2019). "Assessing data 
availability and research 
reproducibility in hydrology and 
water resources." Nature-Scientific 
Data, 6, 190030.

• Reproducibility survey tool (2019)

https://tinyurl.com/WhatNext2Reproduce
https://digitalcommons.usu.edu/water_pubs/156/
https://doi.org/10.1038/sdata.2019.30
https://goo.gl/LPCTEz
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