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Abstract. The article focuses on the quantitative interpretation of trials, including its
communicative inputs. Outlines some of the shortcomings of the process of identifying guilt
and verdict. In the analysis of the legal solutions introduced subjective probabilities and
some of the information and communication components. While the Bayesian inferenceis a
common method for revision of beliefs, it requires precise prior probabilities and likelihoods,
usually assessed in the form of intervals. Therefore this work comments upon procedures to
introduce interval probabilities to statistical reasoning that support the analysis of evidence
in court trials.

This work highlights the problems of judgment in legal trials and some of the communicative
elements that are present here. It emphasizes the possibilities to improve the decision
analysis process in trials by adopting subjective probability as a measure of uncertainty about
the level of guilt of a defendant judged upon testimonies. Bayesian and other approaches
can then serve to adapt beliefs. The key element of the discussion here is the introduction
of interval probability estimates and the benefits they bring to legal decision making.
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Introduction

From a quantitative point of view, criminal court proceedings are a two-level
classification system - the court should first decide whether a subject is “guilty” or
“not guilty”, and then decide upon the penalty in accordance with active legislation.
The second is usually unambiguous and does not provoke any theoretical or practical
difficulties. However, the first step usually causes a lot more controversies and attracts
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public debate (especially in countries with flawed and inefficient court system). Court
proceedings are often quite expensive, inefficient, creating the sense of injustice
mostly because of the number of people accused and released on minor or no penalty
after having violated the law. The latter is typical for democratic countries in transition.
Totalitarian countries experience the opposite process — almost all defendants are
found guilty regardless of evidence in favor of their innocence.

I-Court trials from theoretical and practical viewpoint

A court trial has two possible types of errors: 1) the first-type error, which assumes
to convict a defendant that is innocent; 2) the second-type error, which is to set free
a defendant that is guilty. The presence of such errors stems from the very nature of
information used in court trials. The information is often incomplete, contradictory,
manipulative and always subjective in its interpretation. In addition, the communicative
process itself makes some distortions. In the same time the legislator in the face of the
parliament postulates a requirement that there should be no first-type error since no
innocent man should be given averdict. That is the basis of a contemporary court ‘rule’:
“It’s better to have a hundred guilty defendants free than one non-guilty defendant
convicted”. That decision making concept has been applied long time ago in ancient
Roman civil law, according to which “Everyone charged with a criminal offense shall
have the right to be presumed innocent until proven guilty according to the law”. Such
a presumption implies that any doubt is in favor of the defendant.

Those types of formulations follow the principles of humanism and democracy,
but from a mathematical point of view they are absurd as they assume null first-type
error. If atwo-state classification systemis adopted, then each decision rule or politics
balances the first-type error on the account of the increase of the second-type error.
The legislator’s desire to have no innocent defendants convicted is only possible if all
guilty defendants are liberated (i.e. maximize the type-two error). Conclusions of that
sort diminish the purpose of a court since each trial should end up with an acquittal.

The other extreme is present in the court systems of totalitarian countries, where
there are no defendants liberated. In those cases, null second-type error is present
and all innocent defendants are convicted. Here the court system once again turns
outto be useless and is replaced by the will of the subject of totalitarianism. Obviously,
the requirement for lack of errors of any kind is absurd.

The operation of court systems in democratic societies is justified if most guilty
defendants are convicted and most innocent defendants are liberated. In order to
achieve such quality of performance, judges and the jury must break the law and allow
conviction of a small fraction of innocent defendants, since in each courttrial thereis a
slight chance of the defendant being innocent. There is no such evidence, which can
rule out all doubts. Judges and the jury face public and political pressure to convict
criminals. The court system and its proper operation are crucial for the society, but
for this reason judges must break the law. Thus, a judge is a figure that must break the
law according to his conscience and in the same time must find the balance between
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the law, his conscience, the interests of the society, etc. All this prevents judges from
executing the law, and gives rise to making comments or changes according to his
opinion. The necessity to violate the law imputes judges’ immunity (since itis impossible
for a person to be responsible before the law if he is obliged to break it in order to
execute his official duties). That in turn leads to lack of control over judges. There is a
great number of real-life cases in favor of how harmful from a social-communicative
and economic point of view can a uncontrollable judge be.

Bulgarian law has a “decision of conscience” assumption, which suggests that the
judge is confident in his decision without any doubt. Unfortunately such a requirement
isabsurd, as strict certainty is an extreme state not present in real-life situations. Every
human actis liable to mistakes. If the judge considers the probability of the defendant
being guilty to be 99% and the probability of the defendant being innocent to be 1%,
then should the defendant be convicted? And what if the probabilities are 99,999%
to 0,001%? The decision of conscience requires that probabilities close to 100% to
be treated as if they were 100% in order to accommodate judge’s conscience, thus
the information is additionally twisted through the judge’s mind. The US legislation
imposes the “beyond reasonable doubt” concept, which determines the verdict on
the basis of the judge’s character, opinion and spirit. It is necessary then to ask, “How
reasonable is a reasonable doubt?”

A different view and its effects

It has been long proposed that the quantification of beliefs should be made interms
of subjective probabilities. They measure the degree of belief of an individual that a
random event A shall occur.

An important foundation of subjective probability is the De Finetti coherence
approach [De Finetti 1974; 1975]. It proves the necessity to represent beliefs in
terms of probabilities in order to avoid Dutch books, i.e. schemes of sure losses. The
axiomatic approach builds upon this concept and proposes a set of conditions to assure
that the beliefs of an individual are rational and consistent [Pratt et al.; Tenekedijiev,
Nikolova 2007]. They also allow constructing probability elicitation procedures based
on the preferences of the individual. In an ideal world, people elicit unique probability
measures for a given event.

Adapting and revising the beliefs of beliefs of an individual in the light of new
information is possible using the Bayesian approach. Itis based on the Bayes theorem
that allows calculating the probability of a hypothesis given a certain fact. It uses prior
knowledge about the hypotheses as well as conditional likelihoods regarding the
occurrence of the event given each hypothesis. The Bayesian approach has many
successful applications and its importance is undisputable. There are some major
publications that discuss in much detail the use of the Bayes rule in identifying facts
and evidential reasoning in trials [Goldman 1999; Goldman 2002: 237]. These works
suggest that if the Bayesian approach is applied to assess evidence, the conclusions
made shall be closer to the truth provided the prior probabilities and likelihoods are
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accurate and exact. Goldman’s statement has been investigated in much detail
by Redmayne (2003), who surveys several theories of objective probability, and
emphasized their abilities to constrain probabilities by the features of the world (which
he claims is impossible for the subjective probability), as well as the difficulties they
face in fact-finding in trials.

The main disadvantage of Goldman’s statement though is that, as proven in many
works since the 60th, subjective quantitative judgments are never precise, but in the
form of intervals, and that fact affects probabilities as much as many other measures
in decision analysis [Tenekedjiev et al. 2006; Utkin 2007]. The necessity of exact
priors and likelihoods as a disadvantage of the Bayesian approach has been outlined
in other papers too, as well as the fact that in most practical cases, information about
probabilities is never exact [Pan, Klir]. This is particularly true in criminal trials, where
the information is incomplete, ambiguous and twisted through the perception of
the witness, and communicative component does not allow to compensate for this
disadvantage, and therefore does not allow the judge to be certain of his conclusions
based on that data.

The difficulty of inexact prior and likelihood has led to the development of new
concepts, some of them much more complicated than the Bayesian approach.
Walley (1991) proposed a complex mathematical approach, called coherent theory
of imprecise probabilities, with which he approached the application of imprecise
probabilities to statistical inference. Statistical decision analysis based on imprecise
and interval probabilities has also been discussed in [Coolen]. Fuzzy rational decision
analysis, stemming from interval estimates and bounded rationality of individuals has
been discussed in [Tenekedjiev, Nikolova 2007]. The works [White; Snow] discussed
methods to describe posterior probabilities when likelihoods and priors are imprecise.
Animportant contribution in that respectis the work of Pan and Klir (1997). The authors
derived formulae for exact calculation of interval-values posterior probabilities for given
interval-valued priors and precise or interval likelihoods. To summarize, the notion
of imprecise probabilities is a new paradigm in statistical analysis, which formalizes
human judgment and yet accommodates the cases when individuals are uncertain
about their beliefs. All these features make it very appropriate and applicable to the
case of judgment and reasoning in trials.

Using adequate methods for revision of belief the court will be in position to work as
anormal classification system and judge upon the level of guilt of a defendantin terms
of probabilities based on the presented evidence. The legislator must define the prior
probabilities and the limits of recognizing guilt for different kinds of offences. In this way,
instead of stating that “a defendant that is found guilty of manslaughter is sentenced
to imprisonment for 15 to 20 years”, the court could rule out that “if the defendant
is found guilty of manslaughter up to at least 99% is sentenced to imprisonment for
15 to 20 years”. It is true that in this way part of the innocent defendants will also be
imprisoned, but probably about 1 in every 200 cases. Such definition of the verdict
will assure stochastic character of the law.

The following effects can be achieved:
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— The use of interval and imprecise probabilities allows to take into consideration
the imprecision of human judgment built upon evidence information in a natural way;

— Court cases will become adequate to life, because “the truth” will be evaluated
quantitatively;

— Judges will not face the necessity to violate the law when they execute their
official duties. Otherwise the control upon the judges isimpossible and this is a serious
potential for the development of corruption motives;

— Court decisions will become liable to parliament’s management, and the actions
of the parliament will aim at balancing the interests of the society. A similar structure for
legal decision making will put legislation in the hands of legislators and they will carry the
responsibility, and in the same time the court will be set free of its present political influence;

— The juridical court proceedings will become more rapid and effective.

Tillthe end of the 18" century ajuridical practice in some countries has been applied,
according to which the significance of the statements depended on the social status of
the witness. As aresult, the testimony of a gentleman was considered twice asimportant
as that of a servant. Such a method, though based on reasonable preconditions, has
been totally rejected. It was based on the desire to make objective statements that are
intrinsically subjective, and has proven to be inadequate.

There are some obstacles before the implementation of the proposed ideas:

— The idea will face significant resistance from many public, political, juridical and
economic groups;

— The essence of law is rather humanitarianly oriented and therefore specialists in
that field are not (or are not willing to be) familiar with mathematics;

— Court trials will need decision analysts to assist the probability assessment
process;

— The successful implementation of this idea requires that the society itself has
matured enough to embrace this concept;

—The parliamentis yet not prepared or not willing to take responsibility of decisions
that refer to the fairness and rationality of national legislation;

— There is a conflict of interests, since one of the most powerful lobbies in a
parliament is that of juridical bodies.

Conclusion

It would have been best if revealing the objective truth were possible in court. In the
course of the trial only the perception of the objective truth can be quantified and not
the objective truthitself. This comes to prove that the verdict is strictly subjective, while
revealing the objective truth is a false pretension. The dilemma of justice dispense is
also observed in medical practice. The Hippocratic oath statement “Do not harm” is well
known. Each medicine is in position to harm the patients, but despite of that physicians
do not stop prescribing it. This is also a potential violation of the fore-mentioned oath.

The principles that court trials obey are in most countries out-of-date. They
only serve the personnel involved in this system: judges, prosecutors, lawyers, and
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investigators. It causes more harm to the society thanitis reasonable to accept. But all
other fields of human life would have performed exactly the same way, had they have
neglected the progress of science and knowledge. The improvement and adequacy of
the juridical system is to be achieved with mathematical certainty. However, changes
should be promoted by the respective public bodies taking the responsibility to prove
their significance on a theoretical and practical basis.

Insufficient attention is paid to the quantitative interpretation of trials, including the
communicative aspect. Shortcomings remain in the process of finding guilt and making
a verdict. In the analysis of legal decisions subjective probabilities are introduced
poorly, as well as informative and communicative inputs.
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m = = [lepemMeHHbIe BEPOSTHOCTU B OPUANYECKON NPaKTUKE
1 HEKOTOPbIE KOMMYHUKATUBHbIE COCTaBNAIOLLNE

Hatanua Hukonosa', Jauuena Touesa?, CHexxaHa UBaHoBa®, Kupunn Te-
Hekemkues'?

1. ABCTpanuiickunii Mopckom konnemx, YHnsepcuteT Tacmanum, JToHcecToH TAS ABcTpanusi.
2. TexHnyeckmin yansepcuteT BapHbl, BapHa, Bonrapus.
3. Mopckas akagemust um. Hukonsl Banuaposa, BapHa, Bonrapus.

AHHOTaums. B ctaTtbe OKYCMPYETCH BHUMAHWE Ha KOIMYECTBEHHONW MHTEpnpeTaumm
cynebHbIX NPOLLECCOB, BKIOYas KOMMYHUKATMBHbIA acnekT. Manaraiotca HekoTopble
He4oCTaTKM MPoLecca BhISBIEHWS BUHbI U BbIHECEHUS BepAMKTa. B aHanus opuanye-
CKUX pEeLUeHnin BBOOATCA CYObEKTUBHbIE BEPOSTHOCTY 1 HEKOTOPbLIE MHDOPMALMOHHO-
KOMMYHMKALMOHHBIE COCTaBnstoLLmMe. XOTs 6aieCOBCKMIA BbIBOA, ABNSIETCS PACNPOCTPAHEH-
HbIM METOA0M NEPECMOTPA YOEXAEHNI, OH TPEOYET TOUHbIX NPeABAPUTENbHBIX BO3MOXHO-
cTel nnpaBaonoaodus, 00bIYHO OLIEeHMBAEMbIX B BUAE NPOMEXYTKOB. [103TOMY B 3TO pa-
60Te paccMaTprBAIOTCS NPOLLEYPbl BBEAEHUS MPOMEXYTOUHBIX BEPOSTHOCTEN B CTATUCTU-
4ECKYIO OLLeHKY, KOTOPbIE MOMOTratoT NPY aHann3e AoKa3aTeNbCTB Ha CyAeOHbIX NPOLLEeCCax.

PaboTa ocBelyaeT npobnemMbl cyaebHOro pasbupaTenbCTea 1 HEKOTOPbIE KOMMYHUKATUB-
Hbl€ 3/1EMEHTbI, MPUCYTCTBYIOLLME NPU 3TOM. B He noa4epKnBaOTCA BO3MOXHOCTY YiyY-
LLIEHMsI NpOLLecca aHanm3a peLleHmnii B CyaeOHbIX MpoLeccax nyTeM NPUHATUS CyObeKTUB-
HOW BEPOATHOCTW B Ka4eCTBe MepPbl HeonpeaeneHHOCTN B OTHOLLEeHUN YPOBHSA BUHbI 006-
BMHAEMOro. baliecoBckue 1 apyrue noaxombl MOryT CNyXuUTb 418 agantaumm yoexaeHui.
Knto4eBbIM 31EMEHTOM O6Cy>K,EI,eHVI$'-I 30eCb ABN4eTCsq BBeaeHne NPpoOMeXyTO4HbIX OLLeHOK
BEPOATHOCTU N NPENMYLLECTB, KOTOPbIE OHU MPUHOCAT B MPUHATUE IOPUONYECKNX peLuean7|.

KnioueBble cnoBa: iopuanyeckoe NpUHATHE PeLLeHnin, cuctema knaccudurkaumm, cyonb-
€KTUBHAs BO3MOXHOCTb, MePEMEHHbIE BO3MOXHOCTU
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