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Some important challenges in ecology 
(1) At broad scales -- Response of biota & ecosystem services 

to global change 
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Some important challenges in ecology 
(2) At multiple scales: Apply knowledge from one scale, site or 

time period to another 



Some important challenges in ecology 
(3) At more local scales – The role of ecological processes at 

interface of disciplines: Socio-ecol. systems; FEW-Nexus 



Addressing these challenges will require research that is: 

1. Conducted in teams of individuals with different expertise 
and sometimes disciplines 
 

2. Data-intensive to help to address MANY of the challenges  
 

3. Based on sharing of data, models, and code 



BUT, the past norms and practices of ecology include… 

1. The dominance of single-investigator science 
 

2. Research efforts that are mostly data-limited (i.e., good 
data, but not enough of it!) 
 

3. Data that are, for the most part, not shared outside of 
research teams 



OVERVIEW: The new norms are… 

1. Science is increasingly conducted by teams 
 

2. Data-intensive research is on the rise 
 

3. Data sharing is needed for emerging research areas 
 
For each, lets consider the: 
• Context 
• Resistance to adopting new practices related to the norms 
• Recommendations for moving forward 
 



OVERVIEW: The new norms are… 

1. Science is increasingly conducted by teams 
 

2. Data-intensive research is on the rise 
 

3. Data sharing is needed for emerging research areas 
 



Science is predominantly conducted by teams 
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Cheruvelil et al. 2014. Frontiers in Ecology and the Environment 
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What makes an effective & productive team? 



What makes an effective & productive team? 

What is related to group ‘collective intelligence’? 

“Collective intelligence” of groups is NOT strongly 
correlated with the average or maximum individual 
intelligence of members. 
 
It is correlated with the average ‘social sensitivity’ of 
group members – i.e., equality in distribution of 
speaking turn-taking  

Woolley et al. 2010. Science 

* AND, it works for face-to-face AND virtual teams! 



What makes an effective & productive team? 

Diversity* Interpersonal 
skills* 

Interactions and 
functions within the 

team* 

Research outcomes 

Characteristics of team-members 

* Each item supported by research on teams 

Redrawn from Cheruvelil et al. 2014 
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What makes an effective & productive team? 



What makes an effective & productive team? 

https://rework.withgoogle.com/blog/new-guide-and-tools-
understand-team-effectiveness/ 



Redrawn from Cheruvelil et al. 2014 

What makes an effective & productive team? 

• Social sensitivity 
• Emotional engagement 
• Trust 



How can you make and keep great teams? 



How can you make and keep great teams? 

Exercises and discussions to: 
• Appreciate & understand team heterogeneity 
• Build social sensitivity 
• Work on team functioning 
• Develop written team policies 

Cheruvelil et al. 2014  



Why aren’t we doing science? 

Students are very comfortable 
talking to me; they can knock 

on my door any time. 

I don’t do touchy-feely stuff like that. 

Better science outcomes 



“These days, scientists spend much of their time taking 
‘professional selfies’—effectively spending more time announcing 
ideas than formulating them.”                 August 2016 

Donald Geman, and Stuart Geman PNAS 2016;113:9384-9387 

James Manning 
Professor of 
Applied Math, 
Brown Univ. 

Professor of 
Applied Math, 
Johns Hopkins 
Univ. 

Science in the age of selfies 



Donald 
Geman, and 
Stuart 
Geman PNAS 
2016 

In fact, maybe it has become too easy to collaborate.  
 
Great ideas rarely come from teams.  
 
There is, of course, a role for “big science” (the Apollo program, 
the Human Genome Project, CERN’s Large Hadron Collider), but 
teamwork cannot supplant individual ideas. 
 
Science of the past 50 years seems to be more defined by big 
projects than by big ideas. 
 
In a 2014 letter to The Guardian newspaper, 30 scientists, 
concerned about today’s scientific culture, noted that it was the 
work of mavericks like Feynman that defined 20th century 
science.  
 
* MAVERICK = An unorthodox or independent-minded person. 

Arguments AGAINST new science norms 



Donald 
Geman, and 
Stuart 
Geman PNAS 
2016 

SOLUTION: 
 
Spend more time on each project, be less inclined to 
join large teams in small roles, and spend less time 
taking professional selfies. Perhaps we can then 
return to a culture of great ideas and great 
discoveries. 
 
 

Arguments AGAINST new science norms 



But, what do the numbers say??? 

Tested the ‘lone genius (maverick??)’ hypothesis 
Wuchty et al. 2007. Science 

- 19 million articles, 2 million patents, 50 yrs 

Years 

% of papers written by teams is increasing 



But, what do the numbers say??? 

Tested the ‘lone genius (maverick??)’ hypothesis 
Wuchty et al. 2007. Science 

Team papers are/have been cited at a 
higher rate compared to single-author 
papers  

- Also happens in 
math, economics, 
sociology Years 

Science & Engin. 



Recommendations: Team Science 
• Training in collaboration 

• Practices for true inclusion  
• Constructive & effective conflict resolution 
• Communication skills 
• Practices for maximizing creativity 
 

• Develop best-practices for your teams 
• Copy what works, and share 

 

http://www.scienceofteamscience.org/ 



The new norms are… 

1. Science is increasingly conducted by teams 
 

2. Data-intensive research is on the rise 
 

3. Data sharing is needed for emerging research areas 



Data-intensive science - Defined 

Research in which the capture, curation, and analysis of 
large volumes of data are central to the scientific 
question. 
 
OR…research that uses datasets so large or complex 
they are hard to analyze using traditional methods 



Professor of Computer 
Science, NYU 

Professor of 
Psychology, NYU 



Data-intensive science - PROBLEMS 

• Atheoretical, only data-driven 
• Biased 
• Multiple comparisons problem 
• Expertise missing 
• Issues with using other people’s data 



Historical perspective – Debate over hypo-driven rsch 

1600’s 

Robert Boyle & Robert Hooke Francis Bacon & Isaac Newton 

Hypotheses Inductive reasoning 

“Investigators could be easily led astray if they proposed 
bold conjectures rather than working inductively from the 

available evidence.” 
- Newton 



Conceptions of good science in our data-rich world 

Kevin 
Elliott, 

Philosopher 

Georgina 
Montgomery, 

Historian 

Patricia 
Soranno, 
Ecologist 

Kendra 
Cheruvelil, 
Ecologist 

Elliott et al. in press. BioScience 



1600 1700 1800 1900 2000 

Bacon and 
Newton 
advocate for 
‘inductive’ 
approaches Other 

approaches: 

Hypothesis-
driven 

approaches: 

Rise of 
natural 
history 

Dominance of 
hypothesis-driven 
approach  
(e.g., Popper) 

John Stuart 
Mill 
advocates 
for inductive 
approaches 

Criticisms of 
descriptive 
science 

Historical context of hypothesis-driven science  

Elliott et al. in press. BioScience 

Boyle and 
Hooke advocate 
for hypothesis-
driven 
approaches  



Iterative Research 
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falsify hypothesis 
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Test Predictions 

Hypothesis-driven Research 

Knowledge  
Novel ideas, theories, concepts, process, entities, tools, or technology 

Motivation 
Knowledge gap or science challenge  

Knowledge  
Novel ideas, theories, concepts, process, entities, tools, or technology 

Approaches 

Experiments Models 

Novel tools, 
technology, 

methods 
Exploratory 

inquiries 

Observations 

Hypotheses 
Predictions 

Questions 
Expectations 

Goals 
Objectives 

Research framing 



EXAMPLE: The study of evolution by natural selection 

Approaches 

Experiments 

Questions 
Expectations 

Research framing 

Hypotheses 
Predictions 

Exploratory 
inquiries 

 

Observations 

 
The theory of evolution by natural selection explains the 

unity and diversity of life.  

Knowledge 

* Darwin was ‘forced’ to conform to the scientific norms of the 
time, with strongly inductive arguments, but he did eventually 
arrive at successively more general causal laws. 



1600 1700 1800 1900 2000 

Bacon and 
Newton 
advocate for 
‘inductive’ 
approaches Other 

approaches: 

Hypothesis-
driven 

approaches: 

Rise of 
natural 
history 

Boyle and 
Hooke advocate 
for hypothesis-
driven 
approaches  
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hypothesis-driven 
approach  
(e.g., Popper) 

 
 
 
 
 
 
 
 
 
 
 Today:  
 
A 
combination 
of approaches 
and iteration 
between 
modes 

John Stuart 
Mill 
advocates 
for inductive 
approaches 

Criticisms of 
descriptive 
science 

Historical context of hypothesis-driven science  

Elliott et al. in press. BioScience 



Other examples recognizing the rise of data-intensive 
and iterative research: 

Sagarin & Pauchard 2009 

Big science: meeting the challenges of global ecology 
Schimel and Keller 2015 Peters et al. 2014  

Knowledge Learning and Analysis system (KLAS) 

-- Focus on iteration between methods/tools, use of 
large datasets, hypotheses, theories 



RECOMMENDATIONS: Data-intensive research 

• Replace the requirement of hypothesis-testing 
(in articles & proposals) with evaluation of the 
alignment between knowledge gap and 
approach & conclusions 
 

• Publish (and value) the different components 
of the research cycle 
 

• Teach the iterative mode of scientific practice 
at all levels of schooling 



The new norms are… 

1. Science is increasingly conducted by teams 
 

2. Data-intensive research is on the rise 
 

3. Data sharing is needed for emerging research areas 



Why share research data? 

Christine Borgman 
Distinguished Professor & 

Presidential Chair in 
Information Science https://works.bepress.com/borgman/390/ 



 

“The Science family of journals is committed to the 
sharing of data relevant to public health 
emergencies, and therefore… we endorse the 
statement below”.   - McNutt 2016 

- Journal content on the topics are open-access 
- Require data sharing as rapidly and widely as possible 

Science, Editor-in-chief 

Arguments FOR data sharing: 



“Sharing data and crediting sources are 
among the most basic of scientific ethical 
principles.”     
     - Duke and Porter 2013 

Arguments FOR data sharing: 

Director of Science Programs, ESA Rsch Assoc. Prof., Univ. Virginia 



Arguments FOR data sharing: Ethical considerations 

Kevin 
Elliott, 
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Montgomery, 
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Patricia 
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Kendra 
Cheruvelil, 
Ecologist 

Soranno et al. 2015. BioScience 



Arguments FOR data sharing: Ethical considerations 

The norms about data must better align with 
sciences’ growing emphasis on inclusion 

Soranno et al. 2015. BioScience 



 Round-table model 

• Data 
• Knowledge 
• Decisions 

Deficit-linear model 

Stakeholders & 
public 

Knowledge 

Decisions 

Data 

Policymakers 

Scientists 

Data sharing is essential for ensuring successful 
efforts at the science-policy interface 

Soranno et al. 2015. BioScience 

Arguments FOR data sharing: Ethical considerations 



Arguments FOR data sharing: Ethical considerations 

The combination of public sponsorship of research, 
‘inclusive’ participation in research, and connection with 
policy creates a set of circumstances that push 
environmental scientists—and particularly those who seek to 
broaden participation in science—toward data sharing as an 
ethical obligation.  

- Soranno et al. 2015  



Arguments FOR data (and other) sharing in ECOLOGY: 

• Parr and Cummings 2005 
 

• Zimmerman 2008 
 

• Reichman, OJ et al. 2011 
 

• Wolkovich et al. 2012 
 

• Hampton et al. 2013 
 

• Duke and Porter 2013 
 

• Hampton et al. 2015 
 

• Michener 2015 
 

• Gries et al 2016 

2005 - 2015 



Open Science 

Defined as science that has: 
1. Fully accessible publications 
2. Fully accessible data 
3. Transparent and reproducible methods 

Good blog by Michael Nielsen about open science: 
http://michaelnielsen.org/blog/the-future-of-science-2/ 



Open-science practices 

(1) Publishing: Open Access journals & publishers 



Open-science practices 

(2) Data: Data repositories  



Open-science practices 

(3) Data, continued: Journal policies requiring 
public access to data 



Open-science practices 

(4) Transparency: Data papers, methods 
papers, metadata, etc. 



Arguments AGAINST data sharing: 

Some barriers that have been highlighted (Hampton et al. 2015) 
 
- Time to adopt new practices, learn new tools 

 
- High-stake issues for scientists -- Precedence, attribution, 

investment, and payoff  
 

- Relinquishing control 
 

- Mindset of ‘data ownership’  



Arguments AGAINST data sharing: 

• Should not have a ‘blanket’ policy because 
scientists should be using ‘proprietary’ data of 
the ‘data economy’:  

 

“Requiring data to be…open access may feel 
right but could have perverse consequences for 
the future of science.” 

    - Fenichel and Skelly 2015 

F.R. Oastler Professor 
of Ecology, Yale Univ. Yale Univ.  



Arguments AGAINST data sharing: 

• A global survey of 73 researchers engaged in long-
term ecological and evolutionary studies. 

 

“Positive attitudes towards sharing data with 
agreement or involvement of the PI… only 8% were in 
favor of uncontrolled, open access to primary data. 
AND,  
 
A more balanced viewpoint is necessary to allow a 
discussion to emerge on a code of ethics and ways to 
preserve and protect the data. 
 

 - Mills et al. 2015. Trends in Ecology and Evolution 



• Scientists should not be expected to share 
because they have intimate knowledge of their 
systems, and: 

 

“There is also the emerging issue of a 
generation of what we term as ‘parasitic 
scientists’ who will never be motivated to go 
and gather data because it takes real effort 
and time and it is simply easier to use data 
gathered by others.” 

    - Lindenmayer and Likens 2013 

Arguments AGAINST data sharing: 

President of Cary Institute-Emeritus Professor, Austr. Nat’l. Univ. 



Scientists NOT involved in the study cannot 
understand/know the choices the scientists made; and: 
 

“There is concern among some front-line 
researchers that the system will be taken over by 
what some researchers have characterized as 
“research parasites”. 

    - Longo and Drazen 2016 

NEJM, Editor-in-chief NEJM & Harvard Med. School 

Arguments AGAINST data sharing: 



Twitter backlash to Longo and Drazen …. Jan 21, 2016 – Mar 29, 2016 

… and some repenting by one of the authors: 
http://www.nejm.org/doi/full/10.1056/NEJMe1601087 

#IamAResearchParasite 



DJ Patil, 
U.S. Chief Data Scientist 

Twitter backlash to Longo and Drazen        Jan 21– Mar 29, 2016 



Moving forward? The discussion is NOT over, so lets 
keep working 

From: Borgman 2011. The conundrum of 
sharing research data  

Christine Borgman 
Distinguished Professor & 

Presidential Chair in 
Information Science 



RECOMMENDATIONS: Data-sharing and open science 

 
1) Provide training and tools for ALL scientists 

 
2) Develop incentives and rewards for sharing 

 
3) Change the culture of science from closed to open 

 
4) Have more conversations about what scientists’ 

ethical obligations and roles in society really are 
 



Addressing many important challenges in ecology 

Data-
intensive 
science 

Team 
science 

Open 
science 

But to incorporate these modes, will the 
culture get in the way? 



• Are we on the cusp of making data-inspired 
discoveries to answer societally-relevant and 
scientifically-interesting questions, in an 
inclusive manner? 
 

• If so, are the efforts currently hampered by our 
the norms and culture in ecology?  

Question for you 

vs 
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