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Ethics in science 

•  Why believe in science? 
•  Science is a reason-based decision tool for guiding resource 

investment 

•  But: science ≠ truth 

•  Science is based on human perception: we’re not insect or monkey 
scientists! 

•  The most basic principle of science is verifiability 
•  If others cannot repeat and confirm your observations, you’re in 

trouble 

•  This may preclude falsification or fabrication of data but not theft of 
ideas or deliberate misinterpretations 

•  Science is not a purpose but a means! 

•  You sign responsible for your actions! 



Ethics in science 

•  Communicate your science! 
•  Science is a social activity, not a solitary pleasure 
•  Five obligations: 

1.  Publish methods and results clearly enough for others to 
reproduce or build upon your work 

2.  Give a REAL summary (abstract) of your work 
3.  Build a coherent (science) and beautiful (poetry, art) 

story with your work 
4.  Communicate your findings with the general public 
5.  Teach your science to the next generation 



Ethics in science 

•  General ethical responsibilities 
•  Identify and proclaim the benefits of your science 
•  Warn of the risks (e.g., dual use) 
•  Truthfully discuss the trade-offs between benefits and risks 



Ethics in science 

•  Be honest with yourself and other scientists! 
•  Others must rely on your integrity 
•  Don’t steal from others 
•  Don’t pretend to have done science when in fact you have not 



Ethics in science 

•  Maintain your intellectual freedom! 
•  Don’t accept any dogmas in your ideas 
•  Be critical against others’ ideas and, even more so, against 

your own 



Psychological aspects 



Psychological aspects 

•  I believe what I see. I see what I believe. What do I 
see? 



Psychological aspects 

•  Confirmation bias 
•  Tendency to try to confirm one’s theory or not seek 

disconfirming evidence 
à Easier to think of confirming than disconfirming evidence 
à Research showing no relationship may be perceived as 

failure 



Psychological aspects 

•  Theory tenacity  
•  Persistent belief in an idea (theory) in spite of contrary 

evidence 
à Emotional investment and personal involvement 

•  Strong phenomenon in ‘field leaders’ and well-established 
scientists 

•  But, positive force in theory maturation 
à Keeps new ideas alive in face of negative evidence 
à Allows theory to survive criticism and to be refined 

•  Especially strong if only one theory exists 
à Bad theory better than none?! 



Avoiding oneself… 

•  Step back from your ideas and consider them common grounds 
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Avoiding oneself… 

•  Step back from your ideas and consider them common grounds 

•  Challenge yourself and your ideas 

•  Do NOT develop theories based on explanatory data analysis 

•  Instead: 
•  Define one or (better) several a priori theories (hypotheses, models) 

•  Design and carry out experiment with different outcomes or collect different lines 
of observations that allow eliminating theories 

•  Recycle procedure and refine hypotheses on the results obtained 

•  Validate theory (-ies) by confronting their predictions with real-world data 



Avoiding oneself… 

•  Step back from your ideas and consider them 
common grounds 

•  Challenge yourself and your ideas 

•  Do NOT develop hypotheses/theories based on 
explanatory data analysis 

•  Define hypotheses a priori 

•  Design and carry out different lines of evidence to allow eliminating 
theories 

•  Recycle procedure and refine hypotheses on the results obtained 

•  Validate theories by confronting predictions with real-world data 

•  Publish disconfirming evidence or lack of effects 
•  Scientific progress means refining but also REJECTING ideas 



Avoiding oneself… 

•  Questions 
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Citation and plagiarism 



 Citation and plagiarism 

•  Sources not cited 
−  Ghost Writer 

−  submitting another's work, word-for-word 

−  Potluck Paper 
−  copying several sources, tweaking sentences and fitting them 

together 

−  Self-Stealer 
−  borrowing generously from own previous work violating originality 

•  Sources cited 
−  Too-Perfect Paraphrase 

−  word-for-word citations not in quotation marks 

−  Resourceful Citer 
−  everything properly cited and paraphrased but no original work 

−  Perfect Crime 
−  paraphrased sources to analyze and discuss cited material 

Source: http://www.plagiarism.org/plagiarism-101/types-of-plagiarism 
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How to cite other sources 

•  Direct word-for-word citation 
•  Cited text in quotation marks followed by the source and page number 

•  Indirect citation 
•  Paraphrased ideas from source followed by source 

•  Other contributions 
•  Acknowledgements section 



Questions regarding plagiarism 
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 What exactly is a scientific paper? 

•  A scientific paper must be read by others so don’t make it a 
hassle for them 

•  It should be a NICE STORY that inspires people to carry on 
reading 

•  It should be understandable to more than the other 8 
experts in your domain 



 What exactly is a scientific paper? 

•  Title (-page) 
•  Title, running head, authors, affiliations, contact information 

•  Abstract  
•  ~ 200 – 300 words 

•  Keywords 
•  3 – 10 words, different to those used in title 

•  Introduction 
•  2 – 3 pages, stating the hypotheses 

•  Materials and methods 
•  Everything needed to repeat the study 

•  Results 
•  Only those results consistent with your story 



 What exactly is a scientific paper? 

•  Discussion (and conclusion) 
•  FOCUSSED discussion of results related to hypotheses (as in intro) 

•  References 
•  All references cited in text, ensure correct formatting 

•  Tables 
•  Large amounts of numerical results 

•  Easier to retrieve than numbers in text 

•  Figure captions (& table headings) 
•  Self-explanatory (with all abbreviations and legend symbols) 

•  Figures 
•  Figures are ARTWORK and as such should not only be informative but also 

PRETTY 



 How to write a scientific paper 



 How to write a scientific paper 

•  Strategic advice 
•  A NICE STORY inspiring readers (and editors!!) to read on 
•  Stimulate interest already in title, abstract and introduction 

•  Adapt to journal’s aims and scope (
http://onlinelibrary.wiley.com/ journal/10.1111/(ISSN)1365-2486/
homepage/ProductInformation.html) 

•  Title 
•  Straightforward, intriguing and explicit 

•  Keywords other researchers can recognize 



 How to write a scientific paper 

No good: 
Effects of above and below ground partial harvest disturbance on 
residual sugar maple growth and water stress 
 

Good: 
Negative or positive effects of plantation and intensive forestry 
on biodiversity: a matter of scale 
 

Better: 
Thirst beats hunger – declining hydration during drought 
prevents carbon starvation in Norway spruce saplings 
 

 



 How to write a scientific paper 



 How to write a scientific paper 

•  Abstract 
•  Concise 
•  Purpose, methods used, data obtained and major findings 
 

•  Introduction 
•  Focused 
•  Line of thought can be picked up by non experts 

•  Stimulate interest 



 How to write a scientific paper 

•  Introduction (cont’d) 
•  Why did you perform the study?  
•  What do we already know about the subject? 

-  Historical development of the idea, confirming and disconfirming 
evidence, knowledge gaps 

•  What is the specific purpose of the study?  

-  Objectives and hypotheses 

•  Materials and methods 
•  Where and when was the study done? 

•  What materials were used? 

•  Sampling, sample preparation 
•  Statistical analysis 



 How to write a scientific paper 

•  Results 
•  Summarize data in tables, figures, graphs 
•  No duplicate reporting 

•  No discussion 

•  Discussion 
•  What do your results imply? 
•  How do they relate to other researchers’ work? 

•  What has not been answered? Needs for further research? 

•  Relation to existing theory and knowledge 

•  Also speculative advances 

•  Suggestions for improvements in techniques or for further research 



 How to write a scientific paper 

•  Acknowledgements 
•  Who else, other than co-authors, contributed to the study 
•  Financial contributions (funding sources) 

•  Reviewers 

•  References 
•  All citations in the text must be listed here 

•  Style depends on journal 



 Figures, figures, figures… 

•  Figures can be most revealing…   



 Figures, figures, figures… 

•  Figures can be most revealing… or most concealing  
•  Figures must be easily readable 
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•  Avoid showing inconsistent relationships 
•  A figure is not proof but only representation 



 Figures, figures, figures… 

•  Avoid showing inconsistent relationships 
•  A figure is not proof but only representation 



 Figures, figures, figures… 

•  Avoid showing inconsistent relationships 
•  A figure is not proof but only representation 



 Authorship issues 

•  Author 
•  Authority and Originator 
•  But often research is a team effort, hence there are several authorities 

and originators  

 



 Authorship issues 

•  Difficulties in allocation of credit 
•  Honorary authorship à head of department, supervisors not directly 

involved 

•  Mutual support à 2 authors placing each other’s names on papers 
without having contributed 

•  Gift authorship à paying respect to a influential colleague or trying to 
increase authority of the paper (big names) 

•  Ghostwriter à legitimate author refuses to be acknowledged, hired 
writer, or employee (e.g., speech writer) 

•  Duplicate production authorship à same study published in more than 
one publication without acknowledging the dual publication 

 



 Authorship issues 

•  Assignment and ordering of authorship 
•  Who should be assigned authorship and in which order? 

•  No clear criteria, specific rules or guidelines 

 
•  Order of authorship 

•  Joint decision of coauthors 
•  Should reflect the degree of intellectual contribution 

 



 Authorship - recommendations 

•  Authorship qualifications – some suggestions 
•  Significant (?) contributions to results and/or interpretation 
•  Responsibilities taken in study 

•  Intellectual contributions 
•  Assuming public responsibility for the work 

•  Substantial contributions to: 

1.  Conception and design of study 
2.  Acquisition, analysis or interpretation of data 

3.  Drafting or critically revising manuscript 

4.  Final approval of version to be published 

•  Acquisition of funding, collection of data or general supervision DO 
NOT justify authorship 

•  All authors should accept final draft of manuscript (and therefore 
must know it) 

 



 Authorship - recommendations 

•  Secondary and redundant publications 
•  Acceptable if 

•  Abstract (e.g., conference) or short communication 

•  Media reports giving short overview 

•  Mandatory organizational publications 

•  Revealing potential conflicts of interest 
•  If presence of financial, political, commercial, academic, employer or 

personal interests 

•  Availability of materials 
•  Unique materials unavailable elsewhere (e.g., cell lines) should be 

provided for potential future research 



 The review process 

http://onlinelibrary.wiley.com/ 
book/10.1002/9780470750803 



 The review process 

•  Qualification of referees 
•  Not always guaranteed 

•  Review cannot prevent fraud or validate ultimate 
truthfulness of the work 

•  But it makes authors try to improve their paper before submission 

•  Review can substantially improve the quality of a paper 



 The review process 

•  Authors do not know the identity of referees (but 
vice-versa) 

•  Supposed to maintain referees’ objectivity (how would you review a 
Nobel prize winner?) 

•  Double-blinding may not be effective because line of evidence in the 
paper 

•  Biased referees 
•  This is and will remain a problem but editor’s should weigh the 

possibility of bias 

•  Conflict of interest 
•  Should be revealed, sometimes prevents consideration of manuscripts 



 Reviewing manuscripts 

•  What does it take? 
•  Motivation  à Responsibility, curiosity, exemplariness 
•  Scientific expertise  à Literature, methods 

•  Helpful attitude  à Improvement, not mere criticism 

•  Time   à Several hours, up to 1 or 2 full days 

•  Acceptance 
•  Do I have the expertise and the time? 



 Reviewing manuscripts 

•  First reading 
•  Understanding the whole 
•  Highlight flaws and errors in science, ethics, presentation and 

language 

•  Make list of problems, flaws and errors and notations in text 

•  Second reading 
•  Take a day or so of retreat 
•  Now judge the paper not only by the flaws and errors but also by its 

originality, novelty and integrity of science 

•  Pay attention to flow of ideas, logical reasoning etc. 



 Reviewing manuscripts 

•  Comments to editor 
•  Short and concise statement  
•  Main criticism  à Major strengths or weaknesses, central questions 

•  Recommendations  à Summary judgment and suggestion for acceptance 

•  Comments to authors 
•  Summary   à How I understand the paper 

•  Constraints  à Could I evaluate everything? 
•  General comments  à Detailed version of main criticism sent to editor 

•  Specific comments  à Notes on linguistics, equations etc. 

•  Figures & tables  à Comments on clarity and quality of artwork 

•  Do NOT mention suggestion for acceptance 



Evaluation 

Homework essay 



The Wakefield story 

•  MMR (measles, mumps, rubella) vaccine suspected to be linked to 
autism à Wakefield et al. 1998 (
http://briandeer.com/mmr/lancet-summary.htm) 

 
•  The non-critical conclusion that “Further investigations are needed 

to examine this syndrome [autisms] and its possible relation to 
this vaccine [MMR]” went along and caused a major health crisis 
in the UK and abroad 

•  Essay: 
•  Give a short description of the MMR scandal and where you see 

indications of scientific misconduct (what went wrong?) 

•  Based on the selection of literature provided (and/or further literature) 

1.  develop a critical evaluation of the situation (why things went 
wrong?), and… 

2.  … and give advice on how this situation could have been avoided 



Your essay 

•  The document 
•  Manuscript-style (see author instructions of Patato research) 

•  Approx. 5 pages (max. 10 pages) of core text plus title page, abstract 
and reference section 

•  1.5 line spacing, Arial font, font size 11, 2.5 cm margin 
•  3 parts:  

1.  What are the shortcomings in the article by Wakefield et al. 
(1998) 

2.  Scientific misconducts and their sources in the chain of events 

3.  Suggestions how these misconducts could have been avoided 

•  Deadline 
•  Apr 3rd, 17h00 

•  Evaluation 
•  Criteria: see webpage 

•  Marks: 60% benchmark, performance-based accreditation (0.8 – 1 
credit) 



•  Questions? Contact me at: hhart@bgc-jena.mpg.de 

 



Data – truth or deceit 



Data – truth or deceit 

•  Data – an erroneous selection of reality 
•  Identifying the process of interest 

•  What to measure/observe? 

•  How to measure?  

•  Sampling error and measurement error 
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Data – truth or deceit 

•  Data – an erroneous selection of reality 
•  Identifying the process of interest 

•  What to measure/observe? 

•  How to measure?  

•  Sampling error and measurement error 

•  We have data, now what? 
•  Statistical approach depend on objectives à comparison, understanding, 

prediction 

•  Either approach should reflect research questions & hypotheses 

•  We have hypotheses, now what? 
•  Still dominant approach – traditional hypothesis testing 

•  Two contrasting hypotheses – difference vs. no difference in population parameter 

•  Tests consistency of data with distribution of null hypothesis (NHT) 



     Null hypothesis testing 

•  Issues with NHT 
•  H0: θ0 = θ1 = θ2 = … is often not realistic (e.g., Psurv[juveniles] = Psurv[adults]) 

•  Hence, H0 is trivial and its rejection does not advance science 

•  P-values are not proof for validity of HA but give probability of data (and of 
unobserved more extreme data) given H0 

•  Probability of test statistic (e.g., F, t, z) ≠ biological (or whatever) importance of 
treatment effect 

•  Decision threshold α is arbitrary and influenced by sample size 
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•  Issues with NHT 
•  H0: θ0 = θ1 = θ2 = … is often not realistic (e.g., Psurv[juveniles] = Psurv[adults]) 

•  Hence, H0 is trivial and its rejection does not advance science 

•  P-values are not proof for validity of HA but give probability of data (and of 
unobserved more extreme data) given H0 

•  Probability of test statistic (e.g., F, t, z) ≠ biological (or whatever) importance of 
treatment effect 

•  Decision threshold α is arbitrary and influenced by sample size 

•  Are there alternatives? 
•  Multiple hypothesis testing 

•  But, MHT is problematic in statistical hypothesis testing 

à  Defining H0 

à  Setting level of α when testing several hypotheses vs. loss of statistical power 

 

•  So how to do multiple hypothesis testing? 
•  Define several hypotheses as models 

•  Model averaging and multi-model inference 
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 Multi-model inference 

•  What is MMI? 
•  Inference drawn from all plausible models instead of from a single 

‘best’ model 

•  Model predictions and parameter estimates are more robust 

•  Using multiple models allows ‘testing’ multiple hypothesis 

•  How does MMI work? 
•  Define a set of scientifically sound models 

•  Fit these models to data and rank them according to an information-
theoretic criterion (e.g., AIC) 

•  Compute their likelihood and derive model weights from individual 
model likelihood/sum of likelihood of all models 

•  Average parameter estimates based on weight 

•  So what does Information theory mean? 
•  There is truth (full reality) – and there are models 

•  Models representing reality are always lossy 

•  Truth is usually unknown but the relative distance between truth 
and a model (Kullback-Leibler distance) can be estimated via AIC  



Kullback-Leibler distance 

Truth / reality 
(unknown) 

G2 
G3 

The relative difference between models is 
constant 

G1 (best model in set) 



Estimate of relative K-L distance of model gi, given the data, y: 

AICi = -2 loge (L{gi | y}) + 2K 

 where L{gi | y} = ML of gi  

 

 

 



Estimate of relative K-L distance of model gi, given the data, y: 

AICi = -2 loge (L{gi | y}) + 2K 

 where L{gi | y} = ML of gi  

 

Relative distance between model gi and best model: 

Δi = AICi - AICmin  

 where AICmin = AIC of model with the lowest AIC value 

 

 

 



Estimate of relative K-L distance of model gi, given the data, y: 

AICi = -2 loge (L{gi | y}) + 2K 

 where L{gi | y} = ML of gi  

 

Relative distance between model gi and best model: 

Δi = AICi - AICmin  

 where AICmin = AIC of model with the lowest AIC value 

 

Likelihood of model gi, given the data, y: 

L{gi| y} = exp(- 0.5 * Δi) 

 

 

 



Estimate of relative K-L distance of model gi, given the data, y: 

AICi = -2 loge (L{gi | y}) + 2K 

 where L{gi | y} = ML of gi  

 

Relative distance between model gi and best model: 

Δi = AICi - AICmin  

 where AICmin = AIC of model with the lowest AIC value 

 

Likelihood of model gi, given the data, y: 

L{gi| y} = exp(- 0.5 * Δi) 

 

Model weight wi of model gi in the set of all models, R: 
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•  Model weighing 
•  Predicting tree growth from tree size, social position, disturbance measures, and 

competition 



•  Model weighing 
•  Predicting tree growth from tree size, social position, disturbance measures, and 

competition 

•  Model averaging 
•  Parameter estimates are weighted averages of estimates from individual models 
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 Multi-model inference 

•  There are no pitfalls with MMI? 
•  Yes, for sure! 

 

•  Data dredging 
•  Defining models based on explanatory analysis 

•  All possible subsets testing 

•  How many models to use for averaging? 
•  Is there a clear superior model? 

•  Cumulative sum of weights 

•  But, most of all: 
•  What are ‘scientifically sound’ models? 

•  Good modeling requires scientific understanding 


