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Reproducibility versus Replicability

“Reproducibility requires changes; replicability avoids them. A critical point of reproducing an experimental result is
that irrelevant things are intentionally not replicated. One might say, one should replicate the result not the
experiment.”

Proc. of the Evaluation Methods for Machine Learning 
Workshop at the 26 th ICML, Montreal, Canada, 2009.

A highly standardized experiment supplies direct information only in respect of the narrow range of conditions 

achieved by standardization. Standardization, therefore, weakens rather than strengthens our ground for 

inferring a result, when, as is the case in practice, these conditions are somewhat varied. 
Ronald A. Fisher 1935 

Kenett, R.S. and Shmueli, G. (2015) Clarifying the terminology that describes scientific reproducibility, Nature
Methods, Vol. 12(8), p 699.



Reproducibility in Animal Behavior

• Standardization is the attempt to increase reproducibility at the expense 

of external validity

• Standardization reduces external validity and thus also reproducibility 

• Heterogenization increases external validity and thus also 

reproducibility
Würbel et al. 2000 Nature Genetics

Richter et al. 2010 Nature Methods

Richter et al. 2011 PLoS ONE 
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Conservation of Mass
Conservation of Energy
Conservation of Momentum
Newton Laws
Principle of least action
Laws of thermodynamics
Maxwell's equations
….. 
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“What he emphasized above all was the act 
of human understanding. His preferred 
means of attaining the understanding of a 
problem was to find the right generalization
of its core concepts, often in the form of an 
analogy.”

Princeton University Press, 2012

J. Gray, preface to Henri 
Poincare, a scientific biography



“A concept is an abstraction or generalization from experience 
or the result of a transformation of existing concepts.”

Wikipedia

A concept can be represented in alternative forms

Tree
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Y = X2

Q2

Alternative representations 
with Meaning Equivalence



15

Q3

Alternative representations 
with Surface Similarity
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Research findings Generalize with 
Alternative Representations

Shafrir, U. and Kenett, R.S. (2015), Concept Science Evidence-Based MERLO Learning Analytics, in Handbook 
of Applied Learning Theory and Design in Modern Education, IGI Global18
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Statistical Errors
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A Type I error consists of rejecting the “null hypothesis” (roughly 
speaking, the assumption of no effect, the hypothesis you typically 
set out to disprove) in favour of the “alternative hypothesis” when 
in fact the null hypothesis is true. 

A Type II error consists of accepting the null hypothesis (technically, 
failing to reject the null hypothesis) when in fact the null hypothesis 
is false.

Type S errors (sign errors, concluding : θ1 > θ2 when θ1 < θ2 ).

Type  M errors (magnitude errors, concluding that an effect is 
larger than it truly is).

Type S error: I state that increasing X, 
increases Y and I am wrong

Gelman A. and Carlin, J. (2014), Beyond power calculations: Assessing Type S (sign) and Type 

M (magnitude) errors, Perspectives on Psychological Science, Vol. 9(6), pp. 641–651.
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Type S error: θ1 > θ2, but I claim that θ1 < θ2 (or vice versa)

Study Design

This is 
essentially 
a Bayesian 
argument



Type S (sign) errors
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For studies with high power, the Type S error rate is low. 

When power goes below 0.1, the Type S error rate becomes 

high so that statistically significant estimates are likely to be 

the wrong sign.

Probability (an error in scientific 
generalization)
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An example of finding 
generalization



The medical problem

Colorectal cancer (CRC):

- The 3rd most common cancer diagnosed in USA.

- The 2nd leading cause of cancer-related death.

CRC treatment: 

- Surgery 

- Chemo/radio adjuvant therapy – depending on the CRC stage

Rex, D.K., et al. Gastroenterology, 112: 24, 1997.

Levin, B., et al. Gastroenterology, 134: 1570, 2008.

Mayer R.J. et al. N. Engl. J Med, 352: 476, 2005.

Vogelstein B. et al. N. Engl. J Med, 319: 525, 1998.

Edwards BK. et al. Cancer, 116: 544, 2010. 

• Overall incidence of CRC decline due to an advance in:

- early diagnosis

- improved medical treatments.

• This decline could even accelerate if efficient screening system is available.
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The suggested concept

IV administration

Luminal
inspection

Insonation

1

2

3

Hypotheses:

1. Targetability of Flu-CPAA towards dysplastic colon tissues is improved by adding  a recognition 

peptide (Flu-CPAA-Pep).

2. Microbubbles protect Flu-CPAA and Flu-CPAA-Pep from premature affinity in the blood stream.

26
CPAA=cationic poly acrylamide
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Power of the in vitro studies

Power of the in vivo studies



Main Findings

1. Increasing the charge density of Flu- CPAA-Pep leads to cross-reaction with the recognition 

peptide, VRPMPLQ .

2. Apart of Flu- CPAA-100, incorporation of the polymers into MBs did not significantly affect the 

MBs echogenic properties. 

3. Flu-CPAA-Pep binds to dysplasia regions, after both IV and rectal administrations in the rat 

model. 

4. Fragmenting MBs into SPF does not interfere with the affinity of Flu-CPAA and Flu-CPAA-Pep to 

malignant colon tissues after IV or rectal administrations in the rat.

5. SPF protected their  Flu-CPAA-Pep cargo from non-specific interaction with serum proteins. 

28 Bloch M., et al., Pol. Adv. Tech. , 26: 898, 2015
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A vehicle affinity to its 
target can be increased 

by the addition of a 
recognition moiety. 

Specific binding of a 
vehicle may be affected 

by the relative 
specificity of its 

recognition components

The affinity of a multi-
modal polymer to its 

biological target 
depends on the internal 
entanglements between 
the recognition moities

Fragmentation of a 
protective vehicle 

increases the 
recognition capabilities 

of entrapped 
recognizing polymer

Increasing the charge density leads to cross-reaction 
with the recognition peptide 
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