
ERROR AND INFERENCE

Although both philosophers and scientists are interested in ways to obtain reli-
able knowledge in the face of error, a gap between their perspectives has been
an obstacle to progress. Through a series of exchanges between the editors and
leaders in philosophy of science, statistics, and economics, this volume offers
a cumulative introduction that connects problems of traditional philosophy of
science to problems of inference in statistical and empirical modeling practice.
Philosophers of science and scientific practitioners are challenged to reevalu-
ate the assumptions of their own theories – philosophical or methodological.
Practitioners may better appreciate the foundational issues around which their
questions revolve, thereby becoming better “applied philosophers.” Conversely,
new avenues emerge for finally solving recalcitrant philosophical problems of
induction, explanation, and theory testing.
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and simulation techniques, and modeling speculative prices.

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-18025-2 - Error and Inference: Recent Exchanges on Experimental Reasoning,
Reliability, and the Objectivity and Rationality of Science
Edited by Deborah G. Mayo and Aris Spanos
Frontmatter
More information

http://www.cambridge.org/9780521180252
http://www.cambridge.org
http://www.cambridge.org


www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-18025-2 - Error and Inference: Recent Exchanges on Experimental Reasoning,
Reliability, and the Objectivity and Rationality of Science
Edited by Deborah G. Mayo and Aris Spanos
Frontmatter
More information

http://www.cambridge.org/9780521180252
http://www.cambridge.org
http://www.cambridge.org


Error and Inference

Recent Exchanges on Experimental Reasoning, Reliability,
and the Objectivity and Rationality of Science

Edited by

DEBORAH G. MAYO

Virginia Tech

ARIS SPANOS

Virginia Tech

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-18025-2 - Error and Inference: Recent Exchanges on Experimental Reasoning,
Reliability, and the Objectivity and Rationality of Science
Edited by Deborah G. Mayo and Aris Spanos
Frontmatter
More information

http://www.cambridge.org/9780521180252
http://www.cambridge.org
http://www.cambridge.org


cambridge university press
Cambridge, New York, Melbourne, Madrid, Cape Town, Singapore,

São Paulo, Delhi, Dubai, Tokyo, Meixco City

Cambridge University Press
32 Avenue of the Americas, New York, NY 10013-2473, USA

www.cambridge.org
Information on this title: www.cambridge.org/9780521180252

© Cambridge University Press 2010 

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without the written

permission of Cambridge University Press.

First published 2010
First paperback edition 2011

A catalog record for this publication is available from the British Library.

Library of Congress Cataloging in Publication Data 

Error and inference : recent exchanges on experimental reasoning,
reliability, and the objectivity and rationality of science / edited by

Deborah G. Mayo, Aris Spanos.
p.  cm.

Includes bibliographical references and index.
ISBN 978-0-521-88008-4 (hardback)

1. Inference. 2. Science – Philosophy. 3. Science – Methodology.
I. Mayo, Deborah G. II. Spanos, Aris, 1952– III. Title.

Q175.32.I54E77         2009
501–dc22            2009012825

ISBN 978-0-521-88008-4 Hardback 
ISBN 978-0-521-18025-2 Paperback

Cambridge University Press has no responsibility for the persistence or accuracy of Urls for 
external or third-party Internet Web sites referred to in this publication and does not guarantee 

that any content on such Web sites is, or will remain, accurate or appropriate.

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-18025-2 - Error and Inference: Recent Exchanges on Experimental Reasoning,
Reliability, and the Objectivity and Rationality of Science
Edited by Deborah G. Mayo and Aris Spanos
Frontmatter
More information

http://www.cambridge.org/9780521180252
http://www.cambridge.org
http://www.cambridge.org


To George W. Chatfield

For his magnificent support of reseacrch on E.R.R.O.R. in science

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-18025-2 - Error and Inference: Recent Exchanges on Experimental Reasoning,
Reliability, and the Objectivity and Rationality of Science
Edited by Deborah G. Mayo and Aris Spanos
Frontmatter
More information

http://www.cambridge.org/9780521180252
http://www.cambridge.org
http://www.cambridge.org


www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-18025-2 - Error and Inference: Recent Exchanges on Experimental Reasoning,
Reliability, and the Objectivity and Rationality of Science
Edited by Deborah G. Mayo and Aris Spanos
Frontmatter
More information

http://www.cambridge.org/9780521180252
http://www.cambridge.org
http://www.cambridge.org


Contents

List of Contributors page xi

Preface xiii

Introduction and Background 1
Deborah G. Mayo and Aris Spanos

i Central Goals, Themes, and Questions 1

ii The Error-Statistical Philosophy 15

1 Learning from Error, Severe Testing, and the Growth
of Theoretical Knowledge 28
Deborah G. Mayo

2 The Life of Theory in the New Experimentalism 58

Can Scientific Theories Be Warranted? 58
Alan Chalmers

Can Scientific Theories Be Warranted with Severity?
Exchanges with Alan Chalmers 73
Deborah G. Mayo

3 Revisiting Critical Rationalism 88

Critical Rationalism, Explanation, and Severe Tests 88
Alan Musgrave

Toward Progressive Critical Rationalism
Exchanges with Alan Musgrave 113
Deborah G. Mayo

vii

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-18025-2 - Error and Inference: Recent Exchanges on Experimental Reasoning,
Reliability, and the Objectivity and Rationality of Science
Edited by Deborah G. Mayo and Aris Spanos
Frontmatter
More information

http://www.cambridge.org/9780521180252
http://www.cambridge.org
http://www.cambridge.org


viii Contents

4 Theory Confirmation and Novel Evidence 125

Error, Tests, and Theory Confirmation 125
John Worrall

An Ad Hoc Save of a Theory of Adhocness?
Exchanges with John Worrall 155
Deborah G. Mayo

5 Induction and Severe Testing 170

Mill’s Sins or Mayo’s Errors? 170
Peter Achinstein

Sins of the Epistemic Probabilist
Exchanges with Peter Achinstein 189
Deborah G. Mayo

6 Theory Testing in Economics and the Error-Statistical
Perspective 202
Aris Spanos

7 New Perspectives on (Some Old) Problems
of Frequentist Statistics 247

i Frequentist Statistics as a Theory of Inductive Inference 247
Deborah G. Mayo and David Cox

ii Objectivity and Conditionality in Frequentist Inference 276
David Cox and Deborah G. Mayo

iii An Error in the Argument from Conditionality and
Sufficiency to the Likelihood Principle 305
Deborah G. Mayo

iv On a New Philosophy of Frequentist Inference
Exchanges with David Cox and Deborah G. Mayo 315
Aris Spanos

8 Causal Modeling, Explanation and Severe Testing 331

i Explanation and Truth 331
Clark Glymour

ii Explanation and Testing Exchanges with Clark Glymour 351
Deborah G. Mayo

iii Graphical Causal Modeling and Error Statistics
Exchanges with Clark Glymour 364
Aris Spanos

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-18025-2 - Error and Inference: Recent Exchanges on Experimental Reasoning,
Reliability, and the Objectivity and Rationality of Science
Edited by Deborah G. Mayo and Aris Spanos
Frontmatter
More information

http://www.cambridge.org/9780521180252
http://www.cambridge.org
http://www.cambridge.org


Contents ix

9 Error and Legal Epistemology 376

Anomaly of Affirmative Defenses 376
Larry Laudan

Error and the Law
Exchanges with Larry Laudan 397
Deborah G. Mayo

Index 411

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-18025-2 - Error and Inference: Recent Exchanges on Experimental Reasoning,
Reliability, and the Objectivity and Rationality of Science
Edited by Deborah G. Mayo and Aris Spanos
Frontmatter
More information

http://www.cambridge.org/9780521180252
http://www.cambridge.org
http://www.cambridge.org


www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-18025-2 - Error and Inference: Recent Exchanges on Experimental Reasoning,
Reliability, and the Objectivity and Rationality of Science
Edited by Deborah G. Mayo and Aris Spanos
Frontmatter
More information

http://www.cambridge.org/9780521180252
http://www.cambridge.org
http://www.cambridge.org


Contributors

Peter Achinstein (Philosophy, Yeshiva University, Johns Hopkins Univer-
sity) is the author of the books Concepts of Science (1968); Law and Explana-
tion (1983); Particles and Waves (1991), which received the Lakatos Award
in Philosophy of Science; and The Book of Evidence (2001). A collection of
his essays, Evidence, Explanation, and Realism, will be published in 2010. He
is Jay and Jeanie Schottenstein Professor of Philosophy, Yeshiva University,
and has held Guggenheim, NEH, and NSF fellowships.

Alan Chalmers (Philosophy, Flinders University of South Australia) is the
author of What Is This Thing Called Science? (first published in 1976 and now
in its third edition), Science and Its Fabrication (1990), and The Scientist’s
Atom and the Philosopher’s Stone (2009).

Sir David Cox (Statistics, Nuffield, Oxford). His books include Planning
of Experiments (1958); Statistical Analysis of Series of Events, with P. A. W.
Lewis (1966); Theoretical Statistics, with D. V. Hinkley (1974); Applied Statis-
tics, with E. J. Snell (1981); Inference and Asymptotics, with O. E. Barndorff-
Nielsen (1994); Theory of the Design of Experiments, with N. Reid (2000);
and Principles of Statistical Inference (2006). He was editor of the journal
Biometrika from 1966 to 1991.

Clark Glymour (Philosophy, Carnegie Mellon University). His books in-
clude Theory and Evidence (1980); Foundations of Space-Time Theories,
with J. Earman (1986); Discovering Causal Structure, with R. Scheines,
P. Spirtes, and K. Kelly (1987); Causation, Prediction, and Search, with
P. Spirtes and R. Scheines (1993, 2001); and Bayes Nets and Graphical Causal
Models in Psychology (2001).

Larry Laudan (Philosophy, National Autonomous University of Mexico;
Law and Philosophy, University of Texas). His books include Progress and Its

xi

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-18025-2 - Error and Inference: Recent Exchanges on Experimental Reasoning,
Reliability, and the Objectivity and Rationality of Science
Edited by Deborah G. Mayo and Aris Spanos
Frontmatter
More information

http://www.cambridge.org/9780521180252
http://www.cambridge.org
http://www.cambridge.org


xii Contributors

Problems (1977), Science and Hypothesis (1981), Science and Values (1984),
Science and Relativism (1991), Beyond Positivism and Relativism (1996), and
Truth, Error and Criminal Law (2006).

Deborah G. Mayo (Philosophy, Virginia Tech) is the author of Error and
the Growth of Experimental Knowledge, which received the 1998 Lakatos
Prize award. She coedited, with R. Hollander, the book Acceptable Evidence:
Science and Values in Risk Management (1991). Mayo is currently involved
in supporting and organizing work on E.R.R.O.R. in Science, Statistics, and
Modeling.

Alan Musgrave (Philosophy, University of Otago) coedited, with Imre
Lakatos, the celebrated collection Criticism and the Growth of Knowledge
(1970) and authored the books Common Sense, Science, and Scepticism
(1993) and Essays on Realism and Rationalism (1999).

Aris Spanos (Economics, Virginia Tech) is the author of Statistical Founda-
tions of Econometric Modelling (1986) and Probability Theory and Statistical
Inference: Econometric Modeling with Observational Data (1999).

John Worrall (Philosophy, Logic and Scientific Method, London School of
Economics) served as editor of the British Journal for Philosophy of Science
from 1974 to 1983. He is author of numerous articles and of the forthcoming
Reason in “Revolution”: A Study of Theory Change in Science.

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-18025-2 - Error and Inference: Recent Exchanges on Experimental Reasoning,
Reliability, and the Objectivity and Rationality of Science
Edited by Deborah G. Mayo and Aris Spanos
Frontmatter
More information

http://www.cambridge.org/9780521180252
http://www.cambridge.org
http://www.cambridge.org


Preface

A central question of interest to both scientists and philosophers of science
is, How can we obtain reliable knowledge about the world in the face of error,
uncertainty, and limited data? The philosopher tackling this question con-
siders a host of general problems: What makes an inquiry scientific? When
are we warranted in generalizing from data? Are there uniform patterns of rea-
soning for inductive inference or explanation? What is the role of probability
in uncertain inference? Scientific practitioners, by and large, just get on with
the job, with a handful of favored methods and well-honed rules of pro-
ceeding. They may seek general principles, but largely they take for granted
that their methods “work” and have little patience for unresolved questions
of “whether the sun will rise tomorrow” or “whether the possibility of an
evil demon giving us sensations of the real world should make skeptics of
us all.” Still, in their own problems of method, and clearly in the cluster
of courses under various headings related to “scientific research methods,”
practitioners are confronted with basic questions of scientific inquiry that
are analogous to those of the philosopher.

Nevertheless, there are several reasons for a gap between work in phi-
losophy of science and foundational problems in methodological practice.
First, philosophers of science tend to look retrospectively at full-blown the-
ories from the historical record, whereas work on research methods asks
how to set sail on inquiries and pose local questions. Philosophers might
ask questions such as “What made it rational to replace the Newtonian
theory of gravity with Einstein’s General Theory of Relativity (and when)?”
But the practitioner asks more localized questions: “Is HIV dormant or
active during initial infection? Is the mechanism of Mad Cow Disease and
CJD similar to other neurological conditions such as Alzheimer’s disease?”
Second, philosophers focus on characterizing abstract conceptions of

xiii
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xiv Preface

“H is confirmed by evidence e” for a given statement of evidence e but rarely
engage methods actually used to obtain evidence e in the first place. Where
philosophers tend to draw skeptical lessons from the fact that error is always
possible, practitioners focus on specific threats that can sully the validity
of their evidence and inferences. Third, philosophers of science themselves
(at least in the past decade or so) often confess that they have given up
on solving traditional philosophical riddles of induction and evidence. But
unsolvable riddles, however interesting in their own right, scarcely seem
relevant to the practical task of improving method.

Although we grant that, on the one hand, (1) current philosophy of sci-
ence does not offer solutions to the problems of evidence and inference
in scientific practice, at the same time we hold that (2) the resources of
philosophy of science offer valuable tools for understanding and advancing
solutions to the problems of evidence and inference in practice. These two
assertions, however much they may seem to be in tension, we claim, are
both true. The first, readily acknowledged in both the philosophy and the
science camps, is generally taken as a basis for skepticism about assertion
2. Nevertheless, our experiences in debates about evidence and inference,
and about method and statistics in practice, convince us of the truth of
assertion 2 – even if the solutions do not have the form originally envis-
aged. What comes up short in methodological discussions in practice is a
genuine comprehension of where the difficulties in solving the traditional
philosophical problems lie – the reasons behind assertion 1. In dismissing
traditional philosophical problems as esoteric, old-fashioned, or irrelevant,
contemporary discussants of methodology may be unable to discern how
the very same philosophical issue is, at least implicitly, raising its head in
a contemporary methodological debate they care about. Making progress
demands a meeting ground wherein the insights of the philosophical and
scientific camps can be used to shed light on each other.

To get beyond the current impasse, we proposed to take a significant
group of current representatives of philosophical schools and bring the
philosophies to life, as it were. Initial dialogues grew into the Experimental
Reasoning, Reliability, Objectivity & Rationality: Induction, Statistics, Mod-
elling [ERROR 06] conference at Virginia Tech, June 1–5, 2006. Rather than
regarding these diverse philosophies as closed “museum pieces,” we needed
to open them up to peer into them, see where they stand in 2006–2009,
and see what perspectives they bring to bear on contemporary problems of
modeling and inference.

Doing so, we recognized, required the continuation of the dialogue that
we had initiated both before and during the conference. This volume reflects
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Preface xv

the results of these exchanges. Its contributions are directed to anyone
interested in methodological issues that arise in philosophy of science,
statistical sciences, or the social and natural sciences.

Origins of the Contributions to This Volume

The contributions in this volume, in one way or another, touch on issues
of error and inference. Mayo’s (1996) Error and the Growth of Experimental
Knowledge (EGEK) provides a launching point or foil for addressing differ-
ent problems of inference and evidence in the face of uncertainty and errors.
The chapters reflect exchanges between the editors and the contributors that
began at least two years before the ERROR 06 conference and continued
almost that long afterward. Our goal is to highlight developments in the
decade following EGEK and to point to open problems for future work.
Our strategy required getting contributors, ourselves included, beyond our
usual comfort zones. Whereas the Introduction extracts from EGEK by way
of background, Mayo’s Chapter 1 represents an attempt to move beyond its
focus on local experimental tests to take up challenges regarding higher-level
theories. Chapter 1 was a fixed target that remained unchanged through-
out; however, the editors’ reflections in the exchanges shifted and grew, as
did the contributions, before arriving at their final form. The contribu-
tors were subjected, at times painfully, to our persistent attempts to elu-
cidate positions, decipher disagreements, get beyond misunderstandings,
and encourage moves, however small, from initial standpoints. Although
open problems clearly remain, we think it is time to stop and take stock of
where this dialectic has taken us, indicating where we have inched toward
progress, and how we might get around remaining obstacles.

By presenting recent and ongoing exchanges between several representa-
tives of contemporary movements in philosophy of science, statistics, and
modeling, we hope to offer the reader glimpses into

� the struggles, arguments, issues, changes, and historical developments
behind a cluster of deep and long-standing issues about scientific
knowledge and inference, and

� the directions in which future philosophy and methodology of science
might move.

Some of the untidiness that remains is instructive of where we have been
and where one might go next. The exchanges do not report each stage of
the dialogues with contributors, but rather they identify a set of general
questions and responses that emerged from the numerous back-and-forth
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xvi Preface

conversations. By highlighting the multitude of different ways these ques-
tions are answered, interpreted, and interrelated, we intend for this volume
to offer a cumulative instruction for anyone interested in the philosophical
and methodological issues of scientific inquiry.
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