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Program

Monday, September 29, 2014
Collegium Helveticum, Schmelzbergstrasse 25, 8006 Zürich

08:45–09:15 Coffee

09:15–09:30 Harald Atmanspacher, Zürich
  Introduction
 
09:30–10:45 Theodore Porter, Los Angeles
  Deconstructing Numbers: What Can We Trust?

10:45–11:00 Coffee Break

11:00–12:15  Werner Stahel, Zürich
  Basic Statistical Issues for Reproducibility: Models, Variability,   
  Correlation

12:15–13:45 Lunch Break

13:45–15:00  Michael Anderson, Lancaster
   Neural Reuse and the in-Principle Limitations on Reproducibility   
   in Cognitive Neuroscience

15:00–16:15 David Bailey, Berkeley
   Facilitating Reproducibility in Scientific Computing:  
   Principles and Practice

16:15–16:30 Coffee Break
 

16:30–17:45 Jerome Busemeyer, Bloomington
  Order Effects in Sequential Judgements and Decisions     

17:45–18:15 Concluding remarks

REPRODUCIBILITY – PRINCIPLES, 
PROBLEMS, PRACTICES

It is one of the basic methodological standards of scientific research that the pro-
cess of establishing a fact be reproducible. If the results of scientifc work cannot 
be reproduced across time and place, they do not qualify as part of established 
knowledge in the sciences. However, there have been increasing concerns about 
reproducibility in recent years, most notably in fields such as complex systems 
studies, translational research in biomedicine, context-dependence in autonomous 
systems, data mining, computational information retrieval, or big data science in 
general. Several scientific communities have launched initiatives to counter what 
they regard as dramatically undermining their scientific credibility. Whether due to 
simple error, misrepresented data, or sheer fraud: lacking reproducibility corrupts 
both intra-academic interaction based on truthfulness as well as the science-
society link based on the trustworthiness of scientific evidence.

The symposium will present insights into principles, problems, and practices of 
reproducible research from various points of view. The contributions range from 
general, transdisciplinary issues to aspects of reproducibility concerning special-
ized research areas. The following topics will be addressed:

• M. Anderson (Lancaster) on in-principle problems with neural correlates  
of cognition

• D. Bailey (Berkeley) on the methodology of scientific computation
• J. Busemeyer (Bloomington)  on order effects in sequential decision making
• T. Porter (Los Angeles) on the overarching idea of quantification in science
• W. Stahel (Zurich) on the statistics of variability and correlations

The symposium is part of the focal topic “Reproducibility, Prediction, Relevance”  
of the fellow period 2009-2014 at Collegium Helveticum. 



Speakers and Abstracts

Neural Reuse and the in-Principle Limitations  
on Reproducibility in Cognitive Neuroscience

Prof. Michael L. Anderson 
Department of Psychology at Franklin & Marshall College, Lancaster  
and Institute for Advanced Computer Studies at the University of Maryland,  
College Park 
michael.anderson@fandm.edu

For much of the past century, it was assumed that individual regions of the brain 
were selective and functionally dedicated – that they responded to a restricted 
class of inputs and supported singular well-defined cognitive processes. But over 
50 years of electrophysiology, and especially the past 20 years of neuroimaging, 
have revealed instead a brain with a far more complex and dynamic functional 
architecture. Most individual regions of the brain are multi-modal and active across 
a wide range of cognitive tasks. Moreover, two kinds of developmental plasticity 
ensure that this architecture is continually being remodeled: Hebbian learning that 
changes the strength of synaptic connections to tune local function, and a neural 
“search” process, which acts to establish the functional partnerships between 
regions that will support newly acquired abilities.

These facts call for a reconsideration of both the mathematical and conceptual 
tools we bring to bear in our understanding of the brain. This paper will discuss 
some of these tools – including functional fingerprinting, machine learning, and 
matrix decomposition – and show how they can be used to capture the brain's 
complexity. Moreover, I will offer an analysis of what kind and degree of reproduc-
ibility we should expect these tools to reveal. To what degree can we talk about 
“the” architecture of the brain? I will argue that there are both evolutionary and 
developmental reasons to expect a great deal of inter-individual functional similar-
ity; but there will of course also be differences. The tools I advocate for can be used 
to capture and quantify these individual differences.

Facilitating Reproducibility in Scientific Computing:  
Principles and Practice

Dr. David H. Bailey
Computational Research Department, Lawrence Berkeley National Laboratory
david@davidhbailey.com

The foundation of scientic research is theory and experiment, carefully documented
in open publications, so that other researchers can reproduce and validate the 
claimed findings. In most disciplines, there are well-established standards for 
performing and documenting research so as to facilitate reproducibility. But in the 
eld of scientic and mathematical computation, such standards are generally either 
missing or ignored, possibly due, in part, to the eld's rapid rise to prominence in 
the past decade or two. In published computational work, often there is no record 
of the workflow process that produced the published computational results, and in 
some cases, even the code is missing or has been changed signicantly since the 
study was completed. In other cases, the computation is subject to numerical error 
and variability that makes it dicult to reconstruct the results on a dierent platform 
or by a dierent team of researchers. 

That tide may be changing, though, in the wake of some recent workshops and 
papers that recognize the need for explicit and widely implemented standards, and 
also an opportunity to do computational research work more eectively. This chapter 
discusses the roots of the reproducibility problem in scientic computing and sum-
marizes some possible solutions that have been suggested in the community. In 
particular, it presents some new reporting standards and software tools that can 
enhance the reproducibility of scientic computing. 



Order Effects in Sequential Judgments and Decisions

Prof. Jerome Busemeyer
Department of Psychological and Brain Sciences, Indiana University, Bloomington 
jbusemey@indiana.edu

Question order eects are pervasive in social and behavioral sciences, and they 
generally cause problems for reproducibility if not being taken into consideration. 
Although much research has proposed various psychological ideas, such as 
anchoring and adjustment, to explain the phenomena, we still lack a formal theory 
of order eects. In this chapter, we present a model for question order eects in 
sequential judgments and decisions research in spired by basic ideas of quantum 
theory. The rationale behind this is that a fundamental feature of quantum theory is 
that the order of measurements affects the empirically observed statistics.

Our model leads to an a priori, mathematically precise, parameter free, and highly 
testable prediction, called “QQ equality”. We review a series of empirical tests of 
the model, and also compare it to a set of competing cognitive models that are 
based on classical instead of quantum rules. These empirical ndings suggest that 
the non-commutativity of measurements, initially invented for quantum physics, 
provides a simple account for measurement order eects of human decision and 
cognition. Our approach claries how such order eects can be systematically under-
stood rather than raising problems for reproducibility.

Deconstructing Numbers: What Can We Trust?

Prof. Theodore M. Porter
Department of History, University of California, Los Angeles 
tporter@history.ucla.edu

“Twice two makes four” has a secure standing among the incontestable truths of
the world, but the reproducibility of numbers, as applied to real things in the world, 
is a less certain proposition. For when two or three are gathered in the name 
of godlike mathematics, there will be an ambiguous case. The quest for ever 
greater precision inevitably pushes measurement into the domain of uncertainty, 
while counting, even when disinterested, becomes challenging at well below a 
hundred unless the things can be marshalled into an ordered array. When there 
is something at stake, as there so often is, trustworthy numbers depend on 
elaborate social arrangements, and if the numbered things are human, or under 
human control, they typically rearrange their behavior to be self-conrming or self-
negating. Increased reliance on numbers brings, almost as a corollary, an expan-
sion of “funny numbers”, and the widespread supposition that there is inherently 
something rigorous about quantied knowledge is among the greatest obstacles to 
numbers we can trust.



Basic Statistical Issues for Reproducibility:  
Models, Variability, Correlation

Prof. Werner Stahel
Seminar for Statistics, Departement of Mathematics, ETH Zürich 
stahel@stat.math.ethz.ch

Empirical science is about extracting, from a phenomenon or process, features that
are relevant for similar situations elsewhere or in the future. In general, this is done 
by describing the data obtained from an experiment or a set of observations by a 
model which corresponds to the ideas we have about the generation of the data. 
Most models consist of a structure and include quantities of interest as parameters 
on which inference is drawn from the data. The simplest instance is the model of a 
“random sample”, formalized as a number of independent, identically distrubuted 
random variables, where the distribution has an expectation or another parameter 
that is the focus of interest. 

The basic task of data analysis is then to determine the parameter(s) which make 
the model the best description of the data in some clearly dened sense. The core 
business of statistics is to supplement such an “estimate” with a measure of preci-
sion, usually in the form of an interval in which the “true value” should be contained 
with high probability. If new data becomes available by reproducing the experiment 
or observation in as similar circumstances as possible, the new results should be 
compatible with the earlier results in the light of the precision measures that go 
along with them. Clearly then, obtaining valuable measures of precision is essen-
tial for the reproducibility of any scientic results. 

The measures of precision are based on the assessment of variability in the data. 
As will be emphasized, an even more critical issue are assumptions of indepen-
dence that are often used for deriving measures of precision from measures of 
variability of the data. For example, it is well known that the variance of the mean 
of n observations is the variance of the observations' distribution, divided by n. This 
result is based on the independence of the observations, and we will show that this 
assumption quite often fails in practice. 

Venue
Collegium Helveticum, Semper-Sternwarte, Schmelzbergstr. 25, 8006 Zürich
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