Part IV

Concluding matter

161

Chapter 10

Conclusions

“You take your life in your own hands, and what happens? A terrible thing: no one to blame.” (Erica Jong)

10.1 About subjective probability and Bayesian inference

I hope to have been able to show that it is possible to build a powerful theory of measurement uncertainty starting from subjective probability and the rules of logics, from which the Bayes’ theorem follows. Subjective probability is based on the natural concept of probability, as degree of belief, related to a status of uncertainty, whilst Bayes’ theorem is the logical tool to update the probability in the light of new pieces of information.

The main advantages the Bayesian approach has over the others are (in addition to the non-negligible fact that it is able to treat problems on which the others fail):

• the recovery of the intuitive idea of probability as a valid concept for treating scientific problems;

• the simplicity and naturalness of the basic tool;

• the capability of combining prior knowledge and experimental information;

• the automatic updating property as soon as new information is available;

• the transparency of the method which allows the different assumptions on which the inference may depend to be checked and changed;

• the high degree of awareness that it gives to its user.

When employed on the problem of measurement errors, as a special application of conditional probabilities, it allows all possible sources of uncertainties to be treated in the most general way.

When the problems get complicated and the general method becomes too heavy to handle, it is often possible to use approximate methods based on the linearization to evaluate average and

Conclusions

standard deviation of the distribution, while the central limit theorem makes the final distributions approximately Gaussian. Nevertheless, there are some cases in which the linearization may cause severe problems, as shown in Section 6.1. In such cases one needs to go back to the general method or to apply other kinds of approximations which are not just blind use of the covariance matrix.

Many conventional (frequentistic) methods can be easily recovered, like maximum likelihood or χ^2 fitting procedures, as approximation of Bayesian methods, when the (implicit) assumptions on which they are based are reasonable.

10.2 Conservative or realistic uncertainty evaluation?

Finally, I would like to conclude with some remarks about safe (or conservative) evaluation of the uncertainty. The normative rule of coherence requires that all probabilistic statements should be consistent with the beliefs. Therefore, if the uncertainty on a physical quantity is modeled with a Gaussian distribution, and one publishes a result as, for example, α_s = 0.119 ± 0.03, one should be no more nor less sure than 68 % that α_s is in that interval (and one should be 95% sure that the value is within ±0.06, and so on). If one feels more sure than 68 % this should be explicitly stated, because the normal practice of HEP is to publish standard uncertainty in a normal probability model, as also recommended by the ISO Guide[3]. In this respect, the ISO recommendation can be summarized with the following quotation:

“This Guide presents a widely applicable method for evaluating and expressing uncertainty in measurement. It provides a realistic rather than a ‘safe’ value of uncertainty based on the concept that there is no inherent difference between an uncertainty component arising from a random effect and one arising from a correction for a systematic effect. The method stands, therefore, in contrast to certain older methods that have the following two ideas in common:

• The first idea is that the uncertainty reported should be ‘safe’ or ‘conservative’ (. . . ) In fact, because the evaluation of the uncertainty of a measurement result is problematic, it was often made deliberately large.

• The second idea is that the influences that give rise to uncertainty were always recognizable as either ‘random’ or ‘systematic’ with the two being of different nature; ( . . . ) In fact, the method of combining uncertainty was often designed to satisfy the safety requirement.”

. . . When the value of a measurand is reported, the best estimate of its value and the best estimate of the uncertainty of that estimate must be given, for if the uncertainty is to err, it is not normally possible to decide in which direction it should err safe. An understatement of uncertainties might cause too much trust to be placed in the values reported, with sometimes embarrassing and even disastrous consequences. A deliberate overstatement of uncertainty could also have undesirable repercussions.”

The examples of the ‘undesirable repercussions’ given by the ISO Guide are of the metrological type. In my opinion there are other physical reasons which should be considered. Deliberately overstating uncertainty leads to a better (but artificial) agreement between results and ‘known’ values or results of other experiments. This prevents the identification of possible systematic effects which could have biased the result and which can only be identified by performing the measurement of the same physical quantity with a different instrument, method, etc. (the socalled ‘reproducibility conditions’[3]). Behind systematic effects there is always some physics, which can somehow be ‘trivial’ (noise, miscalibration, row approximations, background, etc.),

10.3 Assessment of uncertainty is not a mathematical game

but also some new phenomenology. If the results of different experiments are far beyond their uncertainty the experimenters could compare their methods, find systematic errors and, finally, the combined result will be of a higher quality. In this respect, a quotation from Feynman is in order:

“Well, QED is very nice and impressive, but when everything is so neatly wrapped up in blue bows, with all experiments in exact agreement with each other and with the theory - that is when one is learning absolutely nothing.”

“On the other hand, when experiments are in hopeless conflict - or when the observations do not make sense according to conventional ideas, or when none of the new models seems to work, in short when the situation is an unholy mess - that is when one is really making hidden progress and a breakthrough is just around the corner!”

(R. Feynman, 1973 Hawaii Summer Institute, cited by D. Perkins at the 1995 EPS Conference, Brussels).

10.3 Assessment of uncertainty is not a mathematical game

Finally, I would like to conclude with my favourite quotation concerning measurement uncertainty, taken from the ISO Guide [3]:

“Although this Guide provides a framework for assessing uncertainty, it cannot substitute for critical thinking, intellectual honesty, and professional skill. The evaluation of uncertainty is neither a routine task nor a purely mathematical one; it depends on detailed knowledge of the nature of the measurand and of the measurement. The quality and utility of the uncertainty quoted for the result of a measurement therefore ultimately depend on the understanding, critical analysis, and integrity of those who contribute to the assignment of its value.”

Conclusions

Acknowledgements

This report is based on the work of several years, during which I have had the opportunity to interact, directly or indirectly, with a large variety of persons, most of them physicists of all ages and of many nationalities, but also mathematicians, statisticians and metrologists. In particular, the interest shown by those who attended the lectures, and also the criticisms of those who had strong prejudices towards the approach I was presenting, has been highly stimulating. I take this opportunity to thank them all.

Special acknowledgements go to Romano Scozzafava of “La Sapienza” for many discussions about the fundamental aspects of probability theory. The many clarifications about DIN and ISO recommandations received by Klaus Weise of the PTB Braunschweig (Germany) have been particulary usefull. I would like to thank Fritz Fröhner, Frank Lad of Canterbury University (New Zealand), Gianni Penso of “La Sapienza”, Stefan Schlenstedt of Zeuten (Germany), Pia Astone and Mirko Raso of INFN Roma1 for critical comments on the manuscript, as well on the on the old version of the primer. Finally I would like to thank Bruno Pellizzoni of INFN Roma1 for technical support with many of the drawings.

Bibliographic note

The state of the art of Bayesian theory is summarized in Refs. [19] and [86], where many references can be found. A comprehensive and eloquent presentation of the Bayesian approach in scientific reasoning, covering philosophical, mathematical and statistical aspects is given in Ref. [87], a short account of which can be found in a “Nature” article [8]. Very interesting and insightful philosophical and historical aspects of subjective probability are provided in the introduction of Ref. [80]. To get an idea of what present philosophers think about Bayesian theory see also Refs. [88] and [89] and references therein. For a short introduction on subjective probability, as well as its importance in the physics curriculum, see Ref. [21].

As a classical book on subjective probability, de Finetti’s “Theory of probability” [11] is a must. I found Ref. [90] particularly stimulating and Ref. [32] very convincing (the latter represents, in my opinion, the only real introductory, calculus-based, textbook on subjective probability and Bayesian statistics available so far, with many examples and exercises). Unfortunately these two books are only available in Italian at the moment. For Italian readers, I also recommend Refs. [91] and [92].

I have consulted Refs. [30] and [31], which also contain many references. References [29], [93], [94], [95], [96] [97], [98], [99], [42] and [100] are well-known books among Bayesian. Some literature on Bayesian Networks can be found in Ref. [69], which also contains interesting URLs. Reference [101] is a recent Bayesian book close to the physicist’s point of view. For developments on Bayesian theory and practical applications I recommend consulting the proceedings of “Valencia Meetings” [102] and “Maxent Workshops” [103]. An overview of maximum-entropy methods can also be found in Ref. [59]. This last reference and Ref. [36] show some applications of Bayesian reasoning in statistical mechanics. Other information on Bayesian literature methods can be found on web sites. As a starting point I would recommend Ref. [104], as well as other sites dedicated to Bayesian networks and artificial intelligence [69]. When integrals become complicated, the Markov Chain Monte Carlo (MCMC) technique becomes crucial: introductions and applications can be found, for example, in Refs. [95] and [105].

The applied part of these notes, as well as the critical part, is mostly original. References are given at the appropriate place in the text — only those actually used have been indicated. Reference [106] contains applications of some of the methods described here in analyses of HEP

10.3 Assessment of uncertainty is not a mathematical game

data. A concise critical overview of Bayesian reasoning versus frequentistic methods in HEP can be found in Ref. [107], whilst Ref. [22] is recommended to those who are still anxious about priors.

As far as measurement uncertainty is concerned, consultation of the ISO Guide [3] is advised. At present the BIPM recommendations are also followed by the American National Institute of Standards and Technology (NIST), whose guidelines [5] are also on the web.

Conclusions

Bibliography

[1] DIN Deutsches Institut für Normung, “Grunbegriffe der Messtechnick - Behandlung von Unsicherheiten bei der Auswertung von Messungen” (DIN 1319 Teile 1–4), Beuth Verlag GmbH, Berlin, Germany, 1985. Only parts 1–3 are published in English. An English translation of part 4 can be requested from the authors of Ref. [23]. Part 3 is going to be rewritten in order to be made in agreement with Ref. [3] (private communication from K. Weise).

[2] R. Kaarls, BIPM proc.-Verb. Com. Int. Poids et Mesures 49 (1981), A1-A2 (in French);

P. Giacomo, Metrologia 17 (1981) 73 (draft of English version; for the official BIPM translation see Refs. [3] or [5]).

[3] International Organization for Standardization (ISO), “Guide to the expression of uncertainty in measurement”, Geneva, Switzerland, 1993.

[4] International Organization for Standardization (ISO), “International vocabulary of basic and general terms in metrology”, Geneva, Switzerland, 1993.

[5] B.N. Taylor and C.E. Kuyatt, “Guidelines for evaluating and expressing uncertainty of NIST measurement results”, NIST Technical Note 1297, September 1994; (www: http://physics.nist.gov/Pubs/guidelines/outline.html).

[6] H. Poincaré, “Science and Hypothesys”, 1905 (Dover Publications, 1952).

[7] H. Poincaré, “Calcul des probabilités”, University of Paris, 1893–94.

[8] C. Howson and P. Urbach, “Bayesian reasoning in science”, Nature, Vol. 350, 4 April 1991, p. 371.

[9] M.J. Schervish, “P values: what they are and what they are not”, Am. Stat. 50 (1996) 203.

[10] J.O. Berger and D.A. Berry, “Statistical analysis and the illusion of objectivity”, American Scientist 76 (1988) 159.

[11] B. de Finetti, “Theory of probability”, J. Wiley & Sons, 1974.

[12] Baklawsky, Cerasoli and Rota, “Introduzione alla Probabilità”, Unione Matematica Italiana, 1984.

[13] http://www.desy.de/pr-info/desy-recent-hera-results-feb97 e.html (“DESY Science Information on Recent HERA Results”, Feb. 19, 1997).

[14] DESY ’98 - Highlights from the DESY Research Center, “Throwing ‘heads’ seven times in a row - what if it was just a statistical fluctuation?”.

[15] ZEUS Collaboration, J. Breitweg et al., “Comparison of ZEUS data with Standard Model predictions for e^+p → e + X scattering at high x and Q^2”, Z. Phys. C74 (1997) 207; H1 Collaboration, C. Adloff et al., “Observation of events at very high Q^2 in ep collisions at HERA”, Z. Phys. C74 (1997) 191.

[16] I. Kant, “Prolegomena to any future metaphysics”, 1783.

[17] A. Einstein, “Autobiographisches”, in “Albert Einstein: Philosopher-Scientist”, P.A.

Schilpp ed., Library of Living Philosophers, Tudor, Evanston, Ill., 1949, pp. 2–95.

[18] A. Einstein, “Über die spezielle und die allgemeine Relativitätstheorie (gemeinverständlich)”, Vieweg, Braunschweig, 1917. Translation: The special and the general Theory. A popular exposition, London Methuen 1946.

[19] J.M. Bernardo, A.F.M. Smith, “Bayesian theory”, John Wiley & Sons Ltd, 1994.

[20] D. Hume, “Enquiry concerning human understanding” (1748), see, e.g.,

http://www.utm.edu/research/hume/wri/1enq/1enq-6.htm,.

[21] G. D’Agostini, “Teaching statistics in the physics curriculum: unifying and clarifying role of subjective probability”, contribution in the theme issue of the American Journal of Physics on statistical physics, 1999.

[22] G. D’Agostini, “Overcoming priors anxiety”, to be published in the monoghaphic issue of the Revista de la Real Academia de Ciencias on Bayesian Methods in the Sciences, J.M. Bernardo editor, physics/9906048.

[23] K. Weise, W. Wöger, “A Bayesian theory of measurement uncertainty”, Meas. Sci. Technol., 4 (1993) 1.

[24] H. O. Lancaster, “The Chi-squared Distribution”, John Wiley & Sons Ltd, 1969.

[25] P. Astone and G. D’Agostini, “Inferring the intensity of Poisson processes at the limit of the detector sensitivity (with a case study on gravitational wave burst search)”, paper in preparation.

[26] G. D’Agostini and G. Degrassi, “Constraints on the Higgs boson mass from direct searches and precision measurements”, DFPD-99/TH/02 (Univ. of Padua), hep-ph/9902226.

[27] G. D’Agostini, “Probability and measurement uncertainty in Physics - a Bayesian primer”, Internal Report N. 1070 of the Dept. of Physics of the Rome University “La Sapienza”, and DESY-95-242, December 1995. hep-ph/9512295.

[28] B. de Finetti, “Probabilità”, entry for Enciclopedia Einaudi, 1980.

[29] H. Jeffreys, “Theory of probability”, Oxford University Press, 1961.

[30] R. L. Winkler, “An introduction to Bayesian inference and decision”, Holt, Rinehart and Winston, Inc., 1972.

[31] S. J. Press, “Bayesian statistics: principles, models, and applications”, John Wiley & Sons Ltd, 1989.

[32] R. Scozzafava, “La probabilità soggettiva e le sue applicazioni”, Masson, Editoriale Veschi, Roma, 1993.

[33] Particle Data Group, C. Caso et al., “Review of particle properties”, Phys. Rev. D50 (1994) 1173.

[34] New Scientist, April 28 1995, pag. 18 (“Gravitational constant is up in the air”). The data of Table 3.3.4 are from H. Meyer’s DESY seminar, June 28 1995.

[35] P. Watzlawick, J.H. Weakland and R. Fisch, “Change: principles of problem formation and problem resolution”, W.W. Norton, New York, 1974.

[36] D.C. Knill and W. Richards (eds.), “Perception as Bayesian Inference”, Cambridge University Press, 1996.

[37] P.L. Galison, “How experiments end”, The University of Chicago Press, 1987.

[38] G. D’Agostini, “Limits on electron compositeness from the Bhabha scattering at PEP and PETRA”, Proceedings of the XXVth Rencontre de Moriond on “Z^∘ Physics”, Les Arcs (France), March 4-11, 1990, p. 229 (also DESY-90-093).

[39] A.K. Wróblewski, “Arbitrariness in the development of physics”, after-dinner talk at the International Workshop on Deep Inelastic Scattering and Related Subjects, Eilat, Israel, 6–11 February 1994, Ed. A. Levy (World Scientific, 1994), p. 478.

[40] C.E. Shannon, “A mathematical theory of communication”, Bell System Tech. J 27 (1948) 379, 623. Reprinted in the Mathematical Theory of Communication (C.E. Shannon and W. Weaver), Univ. Illinois Press, 1949.

[41] E.T. Jaynes, “Information theory and statistical mechanics”, Phys. Rev. 106 (1957) 620.

[42] M. Tribus, “Rational descriptions, decisions and designs”, Pergamon Press, 1969.

[43] W.H. Press, “Understanding data better with Bayesian and global statistical methods”, Conference on Some Unsolved Problems in Astrophysics, Princeton, NJ, 27–29 Apr 1995,

astro-ph/9604126.

[44] V. Dose and W. von der Linden, “Outlier tolerant parameter estimation”, Proc.

of the XVIII International Workshop on Maximum Entropy and Bayesian Methods, Garching (Germany), July 1998, V. Dose, W. von der Linden, R. Fischer, and R. Preuss, eds, Kluwer Academic Publishers, Dordrecht, 1999. (preprint in

http://www.ipp.mpg.de/OP/Datenanalyse/Publications/bib/node1.html.)

[45] G. D’Agostini, “Uncertainty due to systematics in linear and next to linear approximation”, paper in preparation.

[46] Particle Data Group, C. Caso et al., Eur. Phys. J. C3 (1998) 1 (http://pdg.lbl.gov/).

[47] G. D’Agostini, “On the use of the covariance matrix to fit correlated data”, Nucl. Instrum.

Methods. A346 (1994) 306.

[48] CELLO Collaboration, H.J. Behrend et al., “Determination of α_s and sin^2 θ_w from measurements of total hadronic cross section in e^+e^− annihilation”, Phys. Lett. 183B (1987) 400.

[49] G. D’Agostini, “Determination of α_s and sin^2 θ_W from R measurements at PEP and PE- TRA”, Proceedings of XXIIth Rencontre de Moriond on “Hadrons, Quarks and Gluons”, Les Arcs, France, March 15-25, 1987.

[50] S. Chiba and D.L. Smith, ”Impacts of data transformations on least-square solutions and their significance in data analysis and evaluation”, J. Nucl. Sc. Tech. 31 (1994) 770.

[51] M. L. Swartz, “Reevaluation of the hadronic contribution to α(M^2_Z )”, hep-ph/9509248, Phys. Rev. D53 (1996) 5268.

[52] T. Takeuchi, “The status of the determination of α(M_Z ) and α_s(M_Z )”, hep-ph/9603415, Prog. Theor. Phys. Suppl. 123 (1996) 247.

[53] G. D’Agostini, “Use and misuse of covariance matrix to fit correlated data”, seminar at University of Toronto, March 8, 1999, paper in preparation.

[54] V. Blobel, “Unfolding methods in high energy physics experiments”, Proceedings of the “1984 CERN School of Computing”, Aiguablava, Catalonia, Spain, 9–12 September 1984, Published by CERN, July 1985, pp. 88–127.

[55] G. Zech, “Comparing statistical data to Monte Carlo simulation - parameter fitting and unfolding”, DESY 95-113, June 1995.

[56] G. D’Agostini, “A multidimensional unfolding method based on Bayes’ theorem”, Nucl.

Instrum. Methods A362 (1995) 487.

[57] K. Weise, “Mathematical foundation of an analytical approach to Bayesian Monte Carlo spectrum unfolding”, Physicalish Technische Bundesanstalt, Braunschweig, BTB-N-24, July 1995.

[58] G. Cowan, “Statistical data analysis”, Clarendon Press, Oxford, 1998.

[59] B. Buck and V.A. Macauly (eds.), “Maximum Entropy in action”, Oxford University Press, 1991.

[60] G.J. Feldman and R.D. Cousins, “Unified approach to the classical statistical analysis of small signal”, Phys. Rev. D57 (1998) 3873, 1998.

[61] G. Polya, “Mathematics and plausible reasoning”, Volume II: Patterns of plausible inference, Princeton University Press, 1968.

[62] R. von Mises, “Probability, Statistics, and Truth”, Allen and Unwin, 1957.

[63] D.A. Berry, “Teaching elementary Bayesian statistics with real applications in science”, Am. Stat. 51 (1997) 241;

J. Albert, “Teaching Bayes’ rule: a data-oriented approach”, ibid., p. 247. D.S. Moore, “Bayes for beginners? Some reasons to hesitate”, ibid., p. 254. Pages 262–272 contain five discussions plus replies.

[64] See e.g. Y.L. Dokshitzer, “DIS 96/97. Theory/Developments”, hep-ph/9706375, Proc.

5th International Workshop on Deep Inelastic Scattering and QCD, Chicago, April 1997; AIP Conf. Proc. 407, J. Repond and D. Krakauer eds.

[65] See e.g. G. Altarelli, “The status of the Standard Model”, talk at 18th International Symposium on Lepton–Photon Interactions, Hamburg, August 1997, CERN-TH-97-278, Oct. 1997, hep-ph/9710434.

[66] R. Feynman, “The character of the physical law”, The MIT Press, 1967 (first published in 1965 by The British Broadcasting Corporation).

[67] G. Zech, “Objections to the unified approach to the computation of classical confidence limits”, physics/9809035.

[68] R.D. Cousins, “Why isn’t every physicist a Bayesian?”, Am. J. Phys. 63 (1995) 398.

[69] See, e.g, J. Pearl, “Probabilistic reasoning in intelligent systems: networks of plausible inference”, Morgan Kaufmann Publishers, 1988.

F.V. Jensen, “An introduction to Bayesian networks”, UCL Press Ltd (and Springer Verlag), 1996.

D. Heckerman and M.P. Wellman, “Bayesian Networks”, Communications of the ACM (Association for Computing Machinery), Vol. 38, No. 3, March 1995, p. 27. L. Burnell and E. Horvitz, “Structure and chance: melding logic and probability for software debugging”, ibid., p. 31.

R. Fung and B. Del Favero, “Applying Bayesian networks to Information retrieval”, ibid., p. 42.

D. Heckerman, J.S. Breese and K. Rommelse, “Decision-theoretic troubleshooting”, ibid., p. 49.

Some interesting URLs on Bayesian networks are:

http://hugin.dk/
http://www.auai.org/
http://en.afit.af.mil/ai/
http://bayes.stat.washington.edu/almond/belief.html.

[70] See e.g. the Los Angeles Times article reported in http://hugin.dk/lat-bn.html.

[71] A. de Rujula, “Snapshots of the 1985 high energy physics panorama”, Proc. of the International Europhysics Conference on High-Energy Physics, Bari (Italy), July 1995, L. Nitti and G. Preparata eds.

[72] G. Salvini, Welcome address to the International Workshop on Deep Inelastic Scattering and related phenomena, Roma (Italy), April 1996; World Scientific, 1997, G. D’Agostini and A. Nigro eds.

[73] B. Efron, “Why isn’t everyone a Bayesian?”, Am. Stat. 40 (1986) 1 (with comments on pages 6-11).

[74] D.V. Lindley, “Comment” to Ref. [73], Am. Stat. 40 (1986) 6.

[75] A. Zellner, “Bayesian solution to a problem posed by Efron”, Am. Stat. 40 (1986) 330.

[76] B. Efron, reply to Ref. [75], Am. Stat. 40 (1986) 331.

[77] G. Gabor (gabor@is.dal.ca), private communication.

[78] J.M. Bernardo, “Non-informative priors do not exist”, J. Stat. Plan. and Inf. 65 (1997) 159, including discussions by D.R. Cox, A.P. Dawid, J.K. Ghosh and D. Lindley, pp. 177–189.

[79] E.T. Jaynes, “Probability theory: the logic of science”, book in preparation, see

http://omega.albany.edu:8008/JaynesBook.html.

[80] F. Lad, “Operational subjective statistical methods - a mathematical, philosophical, and historical introduction”, J. Wiley & Sons, 1996.

[81] P. Cook and L.D. Broemeling, “Bayesian statistics using Mathematica”, Am. Stat. 49 (1995) 70.

[82] P. Desuredt, I. Lemahieu and K. Thielemans, “A Mathematica package for symbolic Bayesian calculation”, Proc. Workshop MaxEnt 1993, Santa Barbara (USA), 1993. For code and other references, see “BayesCalc” in http://omega.albany.edu:8008/.

[83] G. D’Agostini, “Contact interaction scale from DIS events - what do the data teach us?”, ZEUS note, 98-079, November 1998.

[84] ZEUS Collaboration, “Search for eeqq contact interactions in deep inelastic e^+p → e^+X scattering at HERA”, hep-ex/9905035.

[85] ALEPH, DELPHI, L3 and OPAL Collaborations, “Lower bound for the Standard Model Higgs boson mass from combining the results of the four LEP experiments”, CERN- EP/98-046, April 1, 1998.

[86] A. O’Hagan, “Bayesian Inference”, Vol. 2B of Kendall’s advanced theory of statistics (Halsted Press, 1994).

[87] C. Howson and P. Urbach, “Scientific reasoning - the Bayesian approach”, Open Court, 1993 (second edition).

[88] J. Earman, “Bayes or bust? A critical examination of Bayesian confirmation theory”, The MIT Press, 1992.

[89] M. Kaplan, “Decision theory as philosophy”, Cambridge University Press, 1996. [90] B. de Finetti, “Filosofia della probabilità”, il Saggiatore, 1995. [91] L. Piccinato, “Metodi per le decisioni statistiche”, Springer-Italia, 1996. [92] D. Costantini e P. Monari (eds.), “Probabilità e giochi d’azzardo”, Franco Muzzio Editore, 1996.

[93] G.E.P. Box and G.C. Tiao, “Bayesian inference in statistical analysis”, John Wiley and Sons, 1973.

[94] J.O. Berger, “Statistical decision theory and Bayesian analysis”, Springer, 1985. [95] A. Gelman, J.B. Carlin, H.S. Stern and D.B. Rubin, “Bayesian data analysis”, Chapman & Hall, 1995.

[96] A. O’Hagan, “Probability: methods and measurements”, Chapman & Hall, 1988. [97] P.M. Lee, “Bayesian statistics - an introduction”, John Wiley and Sons, 1997. [98] C.P. Robert, “The Bayesian choice: a decision-theoretic motivation”, Springer, 1994. [99] L.J. Savage et al., “The foundations of statistical inference: a discussion”, Methuen, 1962.

[100] A. Zellner, “Bayesian analysis in econometrics and statistics”, Eduard Elgar, 1997. [101] D.S. Sivia, “Data analysis - a Bayesian tutorial”, Clarendon Press, Oxford University Press, 1997.

[102] J.M. Bernardo et al., Valencia Meetings on “Bayesian Statistics” 1–6, see details in

http://www.uv.es/^∼bernardo/valenciam.html.

[103] International Workshops on Maximum Entropy and Bayesian Methods (18 editions till 1998), proceedings often published by Kluwer Academic Publishers. See also:

http://omega.albany.edu:8008/maxent.html

[104] http://www.bayesian.org/

http://bayes.stat.washington.edu/bayes people.html
http://www.ar-tiste.com/blip.html
http://www.strauss.lanl.gov/Welcome.html
http://fourier.dur.ac.uk:8000/stats/bayeslin/
http://astrosun.tn.cornell.edu/staff/loredo/bayes/.

[105] W.R. Gillks, S. Richardson and D.J. Spiegelhalter “Markov Chain Monte Carlo in practice”, Chapman and Hall, 1996.

[106] M. Raso, “Measurement of F^{ep}_2 from the 1995 shifted vertex data”, ZEUS-Note 96-132 (report based on the Tesi di Laurea, University of Rome “La Sapienza”, October 1996); “An update of the F^{ep}_2 analysis using the 1995 shifted vertex data”, ZEUS-Note 98-074; “A measurement of the σ_{ep} for Q^2 < 0.3 GeV^2 as a by-product of the F_2 measurement” ZEUS-Note 98-075.

[107] G. D’Agostini, “Bayesian reasoning versus conventional statistics in high energy physics”, Proc. XVIII International Workshop on Maximum Entropy and Bayesian Methods, Garching (Germany), July 1998, V. Dose, W. von der Linden, R. Fischer, and R. Preuss, eds, Kluwer Academic Publishers, Dordrecht, 1999, physics/9811046.