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Did He Jump or Was He Pushed?
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Abstract In this paper we present a particular role for abductiveaeig in law by ap-
plying it in the context of an argumentation scheme for pcattreasoning. We present a
particular scheme, based on an established scheme foicataetisoning, that can be used
to reason abductively about how an agent might have actegbthra particular scenario,
and the motivations for doing so. Plausibility here depemtsa satisfactory explanation of
why this particular agent followed these motivations in praticular situation. The scheme
is given a formal grounding in terms of Action-based Altaing Transition Systems and
we illustrate the approach with a running legal example.
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1 Introduction

It is by now well-accepted that stories, or sequences oftsy@may an important part in
theories of how people reason with the evidence in crimiaakes. In legal psychology,
authors such as Pennington and Hastie [13] and Wagesiaar [16] argue that judges,
jurors and police investigators construct and compargest@bout ‘what happened’ in a
case using the available evidence. This approach has begteddby researchers in Al
(& Law), who model stories as causal networks that explaeehidence; Thagard [15]
has applied his connectionist model of inference to the é&gstanation to legal cases and
Bex et al. [7] propose an approach that combines classical abductfeeeince to the best
explanation with defeasible argumentation.

A good story of a criminal case should not only be sufficiestipported by evidential
data (e.g. testimonies, forensic data) but it should iged#io be plausible, that is, the story
should conform to our beliefs about how things generallypeepin the world around us.
This plausibility of a story partly depends on the plaugipiof the causal links between
the events in the story, which give a story its coherence.ekample, a story where one
person died because he was shot by another person is coheoantse we believe that, in
general, shooting someone can cause that person to die. $fanigs about crimes involve
rational agents. When rational agents are concerned wetoseg events not simply as the




result of the operation of physical causal laws — what De{8]daerms the physical stance
— but also as the result of choices made by the agents — whateDealls the intentional
stance. For the intentional stance, plausibility comemfour view of how likely it is that
the agent would have made the required choice in the sityatitd this in turn depends on
the motivational preferences we believe the agent to haweeXample, an agent may act in
a certain way only if he prefers fame to fortune. If we wishag e is motivated by fame,
we need to explain why we believe this particular agent hiasptteferenck

The formal framework proposed by Bexal. allows for a careful analysis and critique
of the causal links between the events. The validity of thesabrules can be argued about
and exceptions to these rules can be given. However, thelrnbdgent decision making
as regarded from the intentional stance remains sometHiagldack box’. In [7] most
causal links denote a physical causal relation and whileoth 7] and [15] explanations
for actions can, in a sense, be given in terms of psycholbsfiates, the agents’ motivations
and the question of whether and how the agents act on theseatiaits remains implicit.
For example, Thagard explains ‘Claus injected Sunny wislulin’ with ‘Claus wanted to
end his marriage to Sunny’ ([15], pp. 238). Here Claus’ reasp remains implicit and
therefore somewhat unbelievable, as one can argue thatahetess drastic ways of ending
a marriage. For real plausibility we need a more elaboraptaeation of why the choice
was made by Claus at the particular time.

In this paper we will attempt to allow this elaborated coriwapof the intentional stance
by giving agents’ motivations, and the priorities amondg& agents’ motivations, a clear
place in evidential reasoning about actions. We do this laygusn argumentation scheme
for abductive practical reasoning, based on the normal-@imtuctivé) practical reasoning
scheme as proposed by Atkinsenal.[3]. The combination of abduction and a scheme for
practical reasoning has also been used by Walton and Scéhdie3]. Although they make
appeal to ideas derived from computational agents buitheBelief-Desire-Intention (BDI)
paradigm, they do not provide any formal framework. In casitr our abductive scheme is
formally grounded in terms of an Action-based Alternatingisition System, or AATS
[21], and it allows us to explain a particular situation innts of the choices made by the
agents involved and their motivations. The resulting exatns, modelled as arguments
in a Value-based Argumentation Framework [4], can then laduaeted by considering the
agents’ motivational priorities, or used to infer the agémntotivational priorities.

We recognise that there are legal issues relating to themafi motive, discussed in
work such as [18] and [10]. In this paper we will use “motieati rather than “motive”, and
present an account which is intended to relate to the evgmdaons that might be used
by a juror or a detective, and leave exploration of speclfidalgal notions of motive to
more legally qualified people. In particular we shall notredd at all problems concerning
the legal admissibility of motive evidence, the centralagmnm of [10]. Never the less, we
believe that the account we give here is of relevance to tied leotions, and could form a
valuable basis for such exploration.

The rest of this paper is organised as follows. In section 2willedescribe the argu-
mentation scheme for abductive practical reasoning arabsgsciated critical questions. In
section 3 we give the definitions of an AATS that we use to gdoilne approach, then we
show how the argument scheme and critical questions canflreedén terms of an AATS.
In section 4 we will apply our model to an extended exampleviig how explanations and

1 When speaking of persons we might call such a preference ‘cfearand may attempt to explain what
kind of character the person has, cf. Walton [17].

2 We use ‘non-abductive’ instead of ‘deductive’ because dtidiimplies that normal practical reasoning
is not presumptive/defeasible, which, of course, it is.



objections can be constructed and how conflicts betweeraeapbns may be resolved. In
section 5 we discuss related work, in particular [18], andfimish by making some con-
cluding remarks and identifying areas for future work ints®t6.

2 An Argumentation Scheme for Abductive Reasoning

In this section we will define an argumentation scheme fouatide practical reasoning.
This scheme is based on a well-known argumentation schenydotical reasoning de-
fined by Atkinsonet al. [3]. The original scheme and its critical questions enahigsnts
to propose, attack and defend justifications for actioressymptive oprima faciejustifica-
tions of actions can be presented as instantiations of ther@nt scheme, and then critical
questions characteristic of the scheme used can be poséditenge these justifications.
The original scheme is stated as follows:

In the current circumstances R,

we should perform action A,

which will result in new circumstances S,
which will realise goal G,

which will promote some value V.

This scheme is an extension of Walton’s sufficient condiioheme for practical rea-
soning [19]. In the above scheme Walton’s notion of a goaldambiguated by separating
it into three elements: the state of affairs brought abouhleyaction; the goal (the desired
features in that state of affairs); and the value (the reagonthose features are desirable).
For example, | may diet to lose weight, with the goal of nonigedverweight, to promote
the value of health. The underlying idea in making this didibn is that the agent performs
an action to move from one state of affairs to another. The siee of affairs may have
many differences from the current state of affairs, and iy fba that only some of these
differences are desired by the agent. The significance ettt#ferences is that they make
the new state of affairs better with respect to some gooceddly the agent.

An agent who does not accept a presumptive argument basée abdve scheme may
challenge elements in the instantiation through the agtitio of critical questions and an
unfavourable answer to a critical question will identifyatgntial flaw in the argument. For
example, one of the original critical questions (CQ8) is @&3aloing the action have a side
effect which demotes the value’? Through the critical goestagents can attack the validity
of the various elements of the argument scheme and the coomebetween them, suggest
alternative possible actions, and draw attention to siféeef of the proposed action.

The argumentation scheme for practical reasoning has hpuigh same elements as
Pennington and Hastie&pisode schema basic model about intentional actions [13]. In this
scheme, somaitiating states and eventsause the agent to have a sego#ls which give
rise toactionsthat haveconsequencesn the argumentation scheme, we have the current
circumstances (the initiating states) in which the valus as a motivation for some goal,
which gives rise to some action that results in the new cistances (the consequences).
An important difference, however, between an episode anidstantiation of the practical
reasoning scheme is that in the argument based on the schemw&ue that acts as a moti-
vation is explicitly mentioned, whereas in an episode thévation for the action remains
implicit.

Now the argument scheme for abductive practical reasordnde stated as follows:

The current circumstances S,



are explained by the performance of action A,
in the previous circumstances R,
with motivation M.

By combining the normal and the abductive schemes for malateasoning this will
allow us to reason about intentional actions predictivelyvell as explanatorily. Given this
combination, two important questions need to be addre$3eslly, is the agent reasoning
about past actions or is he reasoning about possible futiiena, and secondly, is the
agent reasoning about his own actions or about the actioseroé other agent? If he is
reasoning about his own actions, then he can apply the abepctctical reasoning scheme
tojustifywith what motivations he took certain actions in the pastauly the normal (non-
abductive) practical reasoning schemegtiadehis future actions according to his values. If,
on the other hand, he is reasoning about some other agemthéhean apply the abductive
practical reasoning schemeegplainwhy and with what motivations the other agent took
certain actions in the past and apply the normal (non-abay)giractical reasoning scheme
to predict what actions this other agent will take in the future to préenlois values. The
importance of the distinction is stressed in [14]. Agents @ambine these different ways of
practical reasoning. For example, a police investigatmking a serial killer can be guided
in his actions by predicting what the killer will do next. Siarly, a judge might be guided
in his choice of action (i.e. acquit, convict) by acceptimgexplanation of what happened
and determining what could have motivated the suspect$rpiuiticular explanation.

In [2], Atkinson and Bench-Capon argued for the necessitg wfell-founded formal
model underlying the generation of arguments and criticalstjons. They provided the re-
quired grounding in terms of an Action-based Alternatingr&ition System, or AATS [21].
Essentially, an AATS consists of a set of states and tremsitbetween them, with the tran-
sitions labelled withoint actions that is, actions comprising an action of each of the agents
concerned. To represent the fact that the outcome of adsmmmetimes uncertain, in the
scenario we use in this paper we will add a third “agent” whichdetermine whether the
actions had the desired or the undesired effect. The transitvill be labelled with motiva-
tions, corresponding to the values of [4], encouraging scdliiraging movement from one
state to the next. Formal definitions of the abductive arqumeheme, and the associated
critical questions discussed below, are given in the nectia® We use a transition system
which is a simplified version of the AATS used in [2] to groue tpractical reasoning ar-
gumentation scheme, but this will still allow us to hypotilseghe reasoning concerning the
events that may have taken place.

Given an AATS and a number of arguments generated from theSAATstory (a se-
guence of events) is a path through the AATS. An argumentagiwhy that path was
followed, and so gives coherence and hence plausibilithéostory. For example, ‘John
wrote a paper, John went to Florence’ is a story, but it hasensoherence expressed as
‘John went to Florence because he had to present the papadtveritten’.

Throughout this paper, we will use a simple example to ithtst our approach. Picture
two people on a bridge. The bridge is not a safe place: the#&botis narrow, the safety
barriers are low, there is a long drop into a river, and a tigenkith frequent traffic passing
quite close to the footpath. One of the persons, call him &#inis standing still, whereas
the other, Ahab, is running. As Ahab reaches Ishmael, Ishfali into the river. Did he
jump or was he pushed? To answer this we will need a story iexpipeither why Ahab
chose to push Ishmael, or why Ishmael chose to jump to his dtfolimab is on trial, the
story we believe will be crucial: if Ahab intended Ishmael&ath it will be murder, if there
is a less damning explanation for the push it may be manstaygind if Ishmael jumped,



Ahab is completely innocent. We illustrate the critical sti@ns by reference to this example
scenario.

Providing an explanation involves formulating the probjegenerating candidate ex-
planations, and then choosing the best explanation. As]ithgte are critical questions
associated with both problem formulation and choice of axation.

We first present the critical questions relating to the aboitcexplanation for the abduc-
tive scheme. Below each critical question the answer toghastion which would attack
the original argument is given, as well as an informal exangblhow such an attack would
be phrased in the example situation.

Critical questions for choice of explanation:

CQL1 Are there alternative ways of explaining the currerdwinstances S?
a) Could the preceding state R have been different?
answer: action A was done in a different preceding state R
‘You say that Ahab did not have a clear path in the previougestaut actually Ahab
already had clear progress’
b) Could the action A have been different?
answer: a different action /Avas done in preceding state R
‘You say that Ahab pushed Ishmael, but actually Ishmael @athp

CQ2 Assuming the explanation, is there something whichstakeay the motivation?
answer: doing action A in R to reach S demotivates M
‘Ahab pushing Ishmael to the ground would not provide a cfegth so cannot be moti-
vated by Ahab wanting clear progress’

CQ3 Assuming the explanation, is there another motivatibitlvis a deterrent for doing
the action?
answer: some other motivation/Meters from doing action A in R to reach S
‘Ahab is deterred from pushing Ishmael off the bridge to gegpess because he does
not want to bring Ishmael into danger’

CQ4 Can the current explanation be induced by some othevatiot?
answer: there is another motivation/Mhich motivated doing A in R to reach S
‘Ahab pushing Ishmael of the bridge is not motivated by Ahabtimg clear progress,
but by Ahab wanting to revenge himself on Ishmael’

CQ5 Assuming the previous circumstances R, was one of thieipants in the joint action
trying to reach a different state?
answer: in R, even though one agent performed his part of A mittivation M, the
joint action was actually Awhich led to § where A# Aand $3# S
‘Ahab wanted to push Ishmael out of the way of the tram to gatdit of danger, but
nature did not cooperate (and Ishmael fell off the bridge)’

In the above critical questions, ‘explanation’ stands the‘performance of joint action
A in previous circumstances R’. With this kind of explanatiwe mearphysicalexplana-
tion, how performing an action in R caused the new state afraffs, as opposed taaental
explanation, what motivated an agent to do a particulaoacso answering CQ1 by giving
an alternative cause of the current circumstances doesquire committing to a particular
motivation for that alternative cause. Note that it is pblesio ask for an alternative mental
explanation by posing CQ4. CQ2 and CQ3 ask if there are argsonsafor not doing the
particular action.

CQ5 is actually a critical question that does not apply toahductive reasoning step
from the current state S to the previous state R, but ratheotimal, non-abductive reason-
ing performed in R. Itasks if it is at all possible that in threydous state R, the agent wanted



to perform a different joint action but was somehow hinddygénother agent (‘nature’ in
the example) not cooperating. Typically, this will suggiett he was acting with a differ-
ent, perhaps less culpable, motivation. This reasoniniy thi¢ abductive scheme and CQ5
actually combines multiple reasoning steps into one. Ringt previous circumstances are
abduced using the abductive scheme. Then, assuming thegseys circumstances were
the case, we try to justify the action by applying the norneilesne and finally we answer
critical question 17 from the original practical reasonsaheme ([2], pp. 859), ‘are the
other agents guaranteed to execute their part of the dégsirgdction?’, unfavourably. For
reasons of space, we have incorporated these reasonisgratepne new critical question.

We now turn to the critical questions relating to problenmiatation.

Critical questions for problem formulation:

CQ6 Are the current circumstances true?
answer: the current state is not S
‘Ishmael is not dead’
CQ7 Could the action have had the stated preconditions?
answer: A cannot be performed in R
‘Ahab is not strong enough to push Ishmael off the bridge’
CQ8 Were the previous circumstances the same as the cuin@mhstances?
answer: for all propositions in S and R:
if a proposition p is true in S then,pvas already true R
if a proposition p is false in S then,pvas already false R
‘Ishmael was already in the water when Ahab appeared’
CQ9 Could the explanation for the current state provide tbévation?
answer: doing action A cannot be motivated by M
‘Killing Ishmael would not give Ahab revenge’
CQ10 Assuming the previous circumstances, would the abtwa the stated consequences?
answer: doing action A in in R does not bring about S
‘Ishmael could not fall from the bridge (the safety barriare too high)’
CQ11 Assuming the previous circumstances, would the ab@we any consequences?
answer: doing action A in R does not get you to a new state
‘Pushing Ishmael would have no effect’
CQ12 Are the current circumstances S possible?
answer: there is no state S (S is impossible)
‘Suppose it was being claimed that Ishmael had flown to theninoo
CQ13 Is the joint action possible?
answer: A is not a joint action
‘Ahab pushed Ishmael and Ishmael jumped’
CQ14 Are the previous circumstances R possible?
answer: there is no state R (R is impossible)
‘There is no bridge’
CQ15 Is the motivation indeed a legitimate motivation?
answer: M is not a motivation
‘No civilised person acts out of revenge’



3 Formal Definitions

In this section we re-capitulate the definitions of an AATSasout in [2]. We then go on
to show how the argument scheme and critical questions fducilve practical reasoning
can be defined in terms of an AATS.

3.1 AATS Definitions

In order to be able to reason rigorously about actions anid #ffects, we need a well-
defined structure in which we can represent how the actioas @igent will lead to transi-
tions from one state to another. In particular we need to betalzontextualise these tran-
sitions so that the effects of actions can be made dependethiecaction of other agents,
and other events in the environment. One such structureisded by Alternating Transi-
tion Systems (ATS), originally developed to underpin théeAlating-time Temporal Logic
of [1]. These structures have also been used by van der eloak[21] to explore the so-
cial laws paradigm for describing coordination in multieag systems introduced largely
through the work of Shoham, Tennenholtz and Moses (e.g).[L&e [21] we give the no-
tions of actions and their pre-conditions a central roleywsoadopt their version of ATS
in which actions and pre-conditions are first class entifiéss version is called aAction
Based Alternating Transition Syste(#eATS) in [21], and it has been used in [2] to provide
formal definitions for an argument scheme and critical daestfor practical reasoning. In
this report we also use this structure to represent our aggtistheme and critical questions
for abductive practical reasoning. We first provide the didim of an AATS, as given in
[21].

Assume first that the systems we wish to model may be in any oita fetQ of possible
states with someqy € Q designated as thaitial state. Systems contain a s&g of agents
and each agente Agis associated with a sétc; of possible actions. It is assumed that
these sets of actions are pairwise disjoint (i.e., actioasiaique to agents).

A joint actionj for set of agent€ (termed acoalition) is a tuple(as ,.... ), where for
eacha; (wherej < K) there is somé € C such thatv; € Ac;. Moreover, there are no two
different actionsy; anda;/ in j¢ that belong to the sam#c;. The set of all joint actions for
coalitionC is denoted bylc, soJc = [[j.c Aci- Given an elemerjtof Jo and an agerite
C, i's action inj is denoted by;.

An Action-based Alternating Transition Syst¢AATS) is an f + 7)-tupleS= (Q, o,
Ag, Acy, ... ,ACp, p, T, P, ), Where:

— Qis afinite, non-empty set aftates

— (o € Qis theinitial state

— Ag={1,...,n}is a finite, non-empty set cdigents

— Ac; is a finite, non-empty set of actions, for each AgwhereAc; N Ac; = () for all i #

j € Ag;

- piAcy — 2Q is anaction pre-condition functiorwhich for each actiorr € Acy,
defines the set of stateéa) from whicha may be executed,;

- 7:Q x Jsgy — Qs a partialsystem transition functigrwhich defines the state(q,
j) that would result by the performance jofrom stateq - note that, as this function
is partial, not all joint actions are possible in all statek the pre-condition function
above);

— ¢ is afinite, non-empty set @tomic propositionsand



— 7 :Q — 2% is an interpretation function, which gives the set of prineitpropositions
satisfied in each state: |if € 7(q), then this means that the propositional varigble
satisfied (equivalently, true) in stage

In addition to the elements of an AATS given in [21], we needriavide an extension to
enable the representation of motivations from the undeglgrgument scheme for abductive
practical reasoning. Firstly, we have a #eh of motivations for each agent (which are a
subset of a sél of motivations). Every transition between two states fromgeQ is either
promoted, demoted, or is neutral, with respect to each midn. Note that motivations
are not unique to agents: individual agents may or may no¢ hastivations in common.
Whether a motivations is promoted or demoted by a given matitl be determined by
comparing the state reached with the state left. More fodeéhitions of these elements
are given below:

— Am; is a finite, non-empty set of motivatiodsn; C M, for eachi € Ag.

- 6:Qx Qx Avyy — {+,—, =}is avaluation functiorwhich defines the status (promoted
(+), demoted (=) or neutral (=)) of a motivatiom, € Am,, ascribed by the agent to the
transition between two stateXn., q,, m.) labels the transition betweep andg, with
one of {+, —, =} with respect to the motivatiam,, € Amy,,.

We can now extend the original specification of an AATS to amemdate the notion of
motivations and re-define an AATS as a(®8) tupleS= (Q, qo, Ag, Acy, ... ,AC,, Am,
vy AMy, o, 7, D, 7, 6)

3.2 Formal Definitions for the Argument Scheme and CQs foruaitile Practical
Reasoning

We now present the formal definitions of the argument scherdeatical questions in terms
of an AATS. The critical questions can be grouped into twegaties: those concerned with
choice of explanation, and those concerned with problemditation. We present the formal
definitions of the critical questions as grouped into thedegories. We begin by presenting
the formal version of the argument scheme:

ABS1: The current circumstances =
are explained by agenparticipating in joint actiorj, wherej,.* = o,
in the previous circumstances, wherer(qg, j») iS gy
and3p, € ¢
such that eithep, € 7(qy,) andps ¢ (dz), Or pa ¢ 7(Qy) andp, € 7(0z)
such that for somen, € M, 6(0z, gy, My) is +.

We now present the formal version of the critical questitras tan be used to challenge
instantiations of the above argument scheme.

3.2.1Critical Questionsfor Choice of Explanation
CQla: The previous circumstances wereapotnd were actually. € Q, in which agent
€ Agcould have participated in joint actign € J 4,4, such thatr(dz, j») is dy.

CQ1b: In the previous circumstancgs € Q, agenti € Ag could have participated in joint
actionj., € Jag, wherejp, # jm, such thatr(dz, jm) is gy.



CQ2: There is g, wherep, # p,, such that eithep, € n(qy) andp, ¢ 7(0z), or p, ¢
m(qy) and p € 7(q.), such that(qz, gy, My) is —.

CQ3: There is g, Wherep, # p,, such that eithep, € =(qy) andp, ¢ 7(0:), or p, ¢
m(qy) and p, € 7(q), such that(gz, gy, My) is —, wherem,, # my,.

CQ4: There is gy, Wherep, # p,, such that eithep, € =(qy) andp, ¢ =(0z), or p, ¢
m(dy) and p, € 7(qg), such thab(qz, qy, My) is +, wherem, # my,.

CQ5jn' =jm®, jn # jm and7(Qs, jn) # 7(de, jm)-

3.2.2Critical Questionsfor Problem Formulation

CQ6:0p # 0y
CQ7:0x ¢ plav).
CQ8:V p; € 2, p; € m(ay) andp; € 7(dz), orp; ¢ m(qy) andp; ¢ m(Ge).-
CQ9:4(dz, gy, My) is not +.
CQ10:7(gz, jn) is NOt g,.
CQ11:7(Ge, jn) IS G-
CQ12:qy ¢ Q.
CQ13:jn ¢ Jag.
CQ1l4:q, ¢ Q.
CQ15:m, ¢ Am;.
The above formalism can be used by agents in scenarios we@serring takes place
to generate arguments to explain how an agent may have acfiedl titself in a particular

situation and its motivations for doing so. A worked exang#enonstrating such a scenario
is presented in the next section.

4 Representation of the Example

The first stage of our approach is to produce a transitiorrdimgepresenting the scenario.
The objective is to include all that is relevant, but only wigrelevant, so as to avoid
complicating the problem beyond what is necessary. Rduatithe footpath is narrow, and
that Ahab is running. He may be assumed to desire a cleararadtso our first proposition
is “Ahab’s path is clear” (C). Recall also that the bridge idamgerous place: a person on
the bridge may be in danger by falling into the river (R), ord®ing hit by a tram (T). We
also introduce a proposition “Ishmael’s life is in dangdd)(which is true whenever either
R or T is true, since this will be useful when we construct aguanents. In our example we
consider only the states which are of interest to us, andifigplgcity’s sake omit the other
possible states from the diagram. For example, the statéichviboth T and C are true is of
no interest to us, since no one claims that it was the cas¢habanyone tried to reach it.

gl: CRTD = 0000 — Ahab’s path is not clear and Ishmael is notainger from either the
river or the tram. This is the presumed situation before niceglent.
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g2: CRTD =1101 — Ahab’s path is clear and Ishmael is in dangen the river. This is the
situation immediately after the incident, which we wish xplain.

g3: CRTD = 1000 — Ahab’s path is clear and Ishmael is not in dafrgm either the river
or the tram.

g4: CRTD = 0011 — Ahab’s path is not clear and Ishmael is in dafigm the tram. This
situation would hold if Ishmael was too close to the tramkmel a tram was approaching.

Now consider the actions. Ishmael can jump or do nothingbAtaa push Ishmael or do
nothing. Pushing and jumping are not simultaneously ptesssince, however, the effect of
a push is uncertain, we add a notional third agent (“natuetietermine whether the push
sends Ishmael into the river, or simply out of Ahab’s way. Matis irrelevant here when
Ishmael jumps.

There are thus three joint actions which can be performethtesql and g4 (see Figure
1):

j1: Ishmael jumps and Ahab does nothing.

j2: Ishmael does nothing, Ahab pushes Ishmael and Ishmbglof& the bridge into the
river.

j3: Ishmael does nothing, Ahab pushed Ishmael and Ishmaeitisf Ahab’s way but still
on the bridge.

We must next label the transitions with motivations. Movirgm g1 to both g2 and g3
is motivated by Ahab’s progress: in g1 the path was not cladria g2 and g3 it is clear.
Equally the transitions from g1 to g2 demote Ishmael’s gafatgl he is in no danger and
in g2 he is. But suppose also Ahab has a reason to seek revetsiienael: this will apply
only if g2 is reached from g1 by Ahab pushing Ishmael. Finallppose Ishmael wishes to
kill himself, then, for him, oblivion will motivate movingrdm g1 to g2. Turning to the tran-
sitions from g4, we can see that moving from g4 to g3 promotels Bhab’s progress and
Ishmael’s safety. Moving from g4 by j1, where Ishmael jum®motes Ahab’s progress,
but does not affect Ishmael’s safety or his chance of oblivence he dies in either case.
Finally the transition from g4 to g2 by j2 can be motivatedheitby Ahab’s progress or by
Ahab’s revenge, since it is important to satisfy this mdiathat Ishmael is killed by Ahab
rather than by the tram.

Ouir final transition diagram is shown in Figure 1. Of courker¢ are further transitions
such as those between gl and g4, and those where both dogjattiich leave the state
unchanged, but those play no role in our considerationssarae omitted.

This model could be challenged using the critical questrefeting to problem formu-
lation given in the previous section. For example, someoightelaim that any push would
send Ishmael into the river, so denying that j3 is possiblackvwould remove the transi-
tions into g3. For reasons of space, however, let us takeooonuiation as accepted, and not
consider these questions further here.
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a4 i3 g3
J
Pa i3
2 Pa+
Pa+
Ra+
2
0000 Pa+ Si- Rat Oit+ i 1101
al Pa+ Si- Oi+ q2

Figure 1. State transition diagram for the scenario

We now turn to the arguments that can be produced on the Hdsigure 1. Recall that
we are trying to explain how we reached g2 and say that firstasarae that the previous
state is ql. There are two transitions from gl to g2, one ptimgahree values and one
promoting two. We therefore have five possible instantietiof our abductive argument
scheme.

Al: g2 is explained by Ahab pushing Ishmael in q1 to reach gfvaited by progress.

A2: g2 is explained by Ahab pushing Ishmael in q1 to reach gvaied by revenge.

A3: g2 is explained by Ahab pushing Ishmael in q1 to reach g@vaied by oblivion.

A4: g2 is explained by Ishmael jumping in g1 to reach g2 magisldby progress.

Ab5: g2 is explained by Ishmael jumping in gl to reach g2 madiday oblivion.

These arguments can be now be the subject of critical quéstioCQ1 applies, attacking
all five of the above arguments. Answering CQla, we can sayitthe possible that the
preceding state was g4 rather than q1. Thus we have:

Objla: The preceding state was g4, not q1.
This objection can be met with the following rebuttal:
Reb1: The preceding state was indeed q1l.

Notice that here, we label the answer to the critical quast®an objection. It is also pos-
sible to answer critical questions that ask for anotheramaion (CQs 1, 4 and 5) by pro-
viding an instantiation of the argument scheme, an altermatplanation. If we take, for
example, Al as the current explanation, A4 and A5 are ansee€Q1b and if we take A4
as our explanation, A1 — A3 are answers to CQ1b. So in virt@@iIb we can see that Al
— A3 attack A4 — A5 and vice versa.

CQ2 does not apply because none of the transitions has aatiotiwhich both encourages
and discourages it at the same time.

CQ3 is important: the threat to Ishmael's safety could bédigeant to deter Ahab from
pushing and Ishmael from jumping. Thus we have Obj3a attgckil — A3 and Obj3b
attacking A4 and A5.

Obj3a: In g1 Ahab should not push Ishmael to reach g2 sincenitades Ishmael’s safety.
Obj3b: In g1 Ishmael should not jump to reach g2 since it desitghmael’s safety.
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CQ4 applies in that if we take, for example, Al as the curreptamation, A2 and A3 are
answers to CQ4. So in virtue of CQ4 we can see that A1 — A3 altkibne another and A4
and A5 mutually attack.

CQS5 also can be posed. If, for example, the critical questidargeted at Al, the answer
to this question could be an argument that Ahab did indeeti jjglsmael motivated by
progress, but hoped he would not fall off the bridge.

Obj5a: Ahab pushed Ishmael in g1 to reach g3 motivated byrpssg but nature did not
cooperate.

Obj5a attacks (and is attacked by) A1 — A5 because, even thibdges not directly explain
g2, it does provide us with a reason for believing things vefférently than is postulated
in A1 — A5.

We have one final objection to consider, which can be made &eeept Objla, rather
than taking it to be refuted by Rebl. Suppose that Ahab sawithation as g4 rather than
gl, perhaps because he thought a tram was about to hit IshHeéherefore might have
pushed Ishmael out of the way, hoping to reach g3, but uniataly Ishmael went off the
bridge. Now Ahab’s claim would be:

Obj5b: Ahab pushed Ishmael in g4 to reach q3 motivated byysdifet nature did not coop-
erate.

This objection is a combination of CQ1 and CQ5, where first @GQdnswered positively
and then CQ5 is also answered positively. Similar to Obj3g5D attacks A1 — A5, and
also attacks Obj5a.

We have identified a set of arguments and attacks between thigémeach argument
associated with a motivating value. We now need to evallegestatus of the arguments.
To do this we form the arguments into a Value-based Arguntient&ramework (VAF),
introduced in [4]. A VAF is an extension of the argumentatimmeworks (AFs) of Dung
[9]. In an AF an argument is admissible with respect to a setrgtiments S if all of its
attackers are attacked by some argument in S, and no argim8rdttacks an argument
in S. In a VAF an argument succeeds in defeating an argumaiiiaitks only if its value
is ranked as high as, or higher than, the value of the arguatatked. In VAFsaudiences
are characterised by their ordering of the values. Argumina VAF are admissible with
respect to an audience A and a set of arguments S if they arisgitila with respect to S
in the AF which results from removing all the attacks whichni succeed with respect to
the ordering on values associated with audience A. A maxadalissible set of a VAF is
known as a Preferred Extension (PE). The VAF for our exangpigvien below in Figure 2.

Obj5b
Ahab:
Safety

Obj5a
Ahab:
Progress

Ishmael jumped

A1

Ishmael: Ishmael:
Progress Oblivion

‘ A4 A5

Progress

Ahab
pushed
Ismael

Obj3b
- Safety

Oblivion

Figure 2. VAF showing arguments, objections and rebuttals
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Arrows between nodes denote attack relations. To improadataility, the ‘jumping’
(A4 — A5) and ‘pushing’ (A1 — A3) explanations have been gedippgether. This is repre-
sented by a rounded box around the respective argumentrdve between, for example,
Obj5a and the box surrounding A4 — A5, means that Obj5a attacth A4 and A5 and vice
versa.

Since we have a number of different orderings on values ibkt glifferent PEs, we have
a number of competing explanations which we must choosedsiwn order to determine
which of the arguments A1 — A5 is in the preferred extensioae,mwust first provide an
ordering on the motivations of Ahab and Ishmael which wilbal one of our arguments to
resist the others. In this case, only the most preferredevialimportant. We thus have the
following possibilities:

. ahabe {R > {S, P, O}} (murder)

. ahabe {P > {S, R, O}} (manslaughter (arguably))
. ahabe {S > {P, R, O}} (he did not push)

. ahabe {O > {P, R, S}} (mercy killing)

. ishmaele {O > {S, P,}} (suicide)

. ishmaele {P > {S, O}} (sacrifice to letahabpass)
. ishmaele {S > {P, O}} (he did not jump)

~N~No ok~ wWNBE

If we commit to such an ordering of motivating values, theuangnts or objections
associated with the stronger motivation defeat the argtsreem objections that rely on one
of the other motivations. This commitment to motivationalerings is important in different
ways, depending on the phase of the case. In the investigaltiase of a case, the assumed
motivations of the actors will direct the search for evidena the decision-making phase,
the assumed motivations can influence the decision of thgejod jury. Examples of both
these ways of using motivational orderings will be giverolel

We may well think that the normal priority is 3 and 7. Normagigople would not
endanger the life of another to make progress, have no steatiggs of revenge and see
oblivion as something to be avoided rather than sought. Ifndeed assume that S is the
most important motivation for both actors, the only possiétceptable argument is Obj5b,
because Obj3a and Obj3b would defeat A1 — A3 and A4 — A5, reispéc For Obj5b to be
in the preferred extension, however, we have to supposéthareceding state was g4 and
that Objla defeats Rebl. In other words, if there is evidémaelshmael's life was indeed
threatened by a rapidly approaching tram, we might belibaé Ahab accidentally pushed
him in the river in an effort to save him. This would be a readza explanation, since it
needs no unusual preference, but it does require evidenteftram, and it is unlikely that
this would have been overlooked when the case was prepanetiaat on Obj5b is saying
that Ahab had a false belief: no tram was approaching but Alhaightthat Ishmael’s life
was threatened by a rapidly approaching tram. This reqew&kence that supplies reasons
for why Ahab had the false belief, or very convincing testitmdrom Ahab. It does not,
however, require further explanation of Ahab’s orderingalfies.

If, however, we assume the situation was indeed gl and thab Adas not justified
in believing the situation was any different from g1, we hawesay that either Ahab or
Ishmael had an abnormal ordering of motivatibrEhe question then is which of the these

3 Determining the audience given a VAF and an admissible setnigatable in polynomial time [5], so
there are no complexity issues, even in large examples.

4 The point that crimes invariably involve an abnormal or deviaotivation is made in [18], which we
will discuss further in section 5.
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abnormal orderings is the most plausible, and the role ofsthey is to explain why the
agent concerned can be thought to have this particular af@ardering.

In the example, it could have been the case that Ishmaelrpzdf® to S or P to S. The
latter is implausible in the extreme: it is difficult to thioka story which would explain why
Ishmael would risk his own life in order to expedite Ahab’sgress. But we are familiar
with the fact that, in some exceptional circumstances, lgeape suicidal and this does
indeed lead them to prefer O to S. So a possible explanatit@idshmael preferred O to
S and therefore jumped to his death (A5). While this is notaplausible explanation, we
would also want the story to be supported by evidence. So Wemwestigate further. We
might find witnesses who heard Ishmael say that life was nothiiving since his wife
left him, or we might find other circumstances, for examphatishmael was bankrupt or
terminally ill. Assuming that no such evidence can be founmiyever, this explanation must
be abandoned: we cannot accept A5 with no evidence for Idfesaicidal state. So if the
motivational orderings for Ishmael are not 5 and 6 then het imaxge the normal ordering 7.
A4 and A5, the explanations in which Ishmael jumped, are nefeated by Obj3b, which
means that Ishmael did not jump, since he valued his ownysafet

If Ishmael did not jump, one of the explanations that Ahabhedsishmael must be
true. The question is now with which motivation Ahab did pisifimael? One explanation
assumes that both Ahab and Ishmael preferred O to S; so I$kwaated to die but could
not bring himself to jump so Ahab pushed him to facilitate t&sath. The problem with
this explanation — apart from the intrinsic implausibilttyat anyone would agree to such
a scheme - is that it would need substantiation for Ishmaelfsidal state. But this has
already been looked for and not found in connection with A5.

We next consider the ordering for Ahab in which R is prefet@8, that Ahab pushed
Ishmael because he wanted revenge (A2). This explanatiootisnplausible: feelings of
revenge, although normally of little impact, have been kntwincrease sufficiently to dom-
inate a person’s thinking. The explanation will, howeveayéto be supported by evidence:
for example, witness testimonies of people who heard Ahedatbn Ishmael, or evidence
that Ahab had been ruined by Ishmael. If no such evidence edaund, we should reject
A2 and thus also reject a verdict of murder, which requireal®o have killed Ishmael with
murderous intent.

Another option is that Ahab preferred P to S: Ahab cared obtué his own progress
and so he pushed Ishmael to his death to clear his way (Al)nAbawever, we need to
justify the context. For example, assume that Ahab was irsh to get to work; his boss
told him he would be fired if he was late for work. Ishmael wasanorker of Ahab’s who
for some reason had a score to settle with Ahab. Ishmael theidet to hinder Ahab’s
progress so that Ahab would be fired and Ahab pushed Ishmaé tieath because he did
not want to lose his job. Here, Ahab’s culpability dependshanrisk he took: if, as in Al,
it was virtually certain that Ishmael would die, Ahab coutidl e prosecuted for murder,
even though he did not explicitly wish for Ishmael to die.

It is also possible, however, that Ahab was merely recklaegstlaat he pushed Ishmael
to clear his way, not realising that Ishmael would fall fradme bridge (Obj5a). While Obj3a
shouldhave been sufficient to defeat Obj5a, it is not entirely iraplale to suggest that
Ahab miscalculated the risk, and so this attack failed ircfica to influence his reasoning.
There were, after all, safety barriers, although theseqat@wo low to be effective. Ahab is
clearly at fault in that he did not take due account of the tiskshmael. It could now be
considered whether the charge should be one of manslaugttber than murder, but we
will not delve further into these legal niceties.
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5 Related Work

The most relevant related work is a paper by Walton and Sclia8. They distinguish
motive from intent on the one hand and character on the dihéargue that identification
of a motive can be important evidence of who committed a @algi crime. They give an
example, taken from [10], in which five nurses had the opputjuo steal some Dermatol,
but only one had the motive of having been addicted to the.drihg motive was important
evidence because Dermatol is not something that anyonedwmually want, and there
was no reason to think that it had been stolen for resale.

Walton and Schafer state that motives “are immediate goaibich an agent is strongly
committed”. They use a scheme for practical reasoning irclvan action is justified for an
agent if that agent has a goal and the action will realise tdz¢. g hey also give a scheme
for value based practical reasoning in which the goal isireduo be supported by the
agent’s set of values, but even there the action is perforfioretthe sake of thgoal rather
than thevalueas in our scheme. The role of values in their scheme is to geosiuipport
for the claim that the agent has the particular goal, rathan tas the mainspring of the
action as in [3] which is the scheme on which the work in thipgras based. Although
Walton and Schafer claim to follow Wigmore [20], who definednative as “a specific
emotion or passion that is likely to lead to a specific act’, votion of motivation used
above seems closer to Wigmore’s definition than their natf@m immediate goal. Wigmore
does recognise that “motive” can be ambiguous, but the amtpig between the emotion
and the event that gave rise to the emotion, not the goal mesitp satisfy the emotion. In
our example, Ahab’s motivation might be revenge or the ef@nwhich he wants revenge,
such as Ishmael’s ruining Ahab, but not Ishmael’s deathclvig the immediate goal. In
a second (hypothetical) example, also taken from [10], elecar thief murders someone
to prevent him informing the police, the motivating goalntiéed by Walton and Schafer
is to avoid punishment. Here, because the motivating gadiffirent from the event to be
explained, there is more plausibility in calling it the nwvetj but we would still prefer to
see the motivation as something likeedomwhich would be demoted by states in which
the thief was punished. Committing murder is only one wawtmdimprisonment: paying
the potential informant or fleeing the country would be al&ive actions with the same
motivation.

Walton and Schafer’s account of the reasoning in [18] is #evis. They proceed in
two steps, a forward reasoning step based on their pracgeabning argument scheme,
and then an abductive step to establish that this providekeht explanation. The first step
is based on [10], which gives the structure of the reasomirige car theft example as:

— EVIDENCE: D stole a car, V was aware of the fact, and V threatkto inform the
police.

— INFERENCE: D had a motive to prevent V from revealing the thethe police.

— CONCLUSION: D purposely killed V to prevent V from revealitige theft to the police.

Looking at our example in this structure would give:

— EVIDENCE: Ishmael’s financial dealings bankrupted Ahab
— INFERENCE: Ahab had a motive to harm Ishmael
— CONCLUSION: Ahab purposely killed Ishmael to get revenge

Here the role of the evidence is to support the claim that DWadilence as a goal.
It plays the same role as the value in Walton and Schaferisevadsed practical reasoning
scheme. The problem is, however, that the conclusion doefotow in any real sense



16

from these premises: while we can say that D had an argumekill ¥ it says nothing
about why D should have found this argument to be acceptablthis point Walton and
Schafer appeal to abductive reasoning to establish thaighindeed the best explanation.
Unfortunately their informal presentation gives littleielas to how this is done: while they
have a premise that it is the best explanation, no suppoit b@ing the best, as opposed to
one plausible, explanation is given unless there is no matiall for any of the alternatives.

In contrast we reason backwards from the outset to ideftéyattions which could have
given rise to the current state, and the motivations thahtrtigve led an agent to perform
them. The resulting argument is then subject to criticabtjoaing: in the car theft example,
having identified that V might have been killed by a persorhimg to avoid punishment we
would consider critical questions such as CQ10 (it appéwsaisthe police found out about
the theft anyway), and CQ3 (killing someone provides amglossibility of punishment),
and better ways of achieving the goal such as paying V to kigeqi,sor leaving the country.
We then use a VAF to determine what kind of audience would sb@xt on the original
argument. In this case D would have to be a person who couldffast to pay V, who held
life cheaply, accepted the risk of getting caught for muyrdad who preferred to kill V to
leaving the country. At this point we will look for the evidemwhich tells a story to explain
why D is that sort of person. This where character and pastrechecome relevant: we can
infer that D has the required value order either from pasbastsuggesting that he has used
these preferences before, or from a particular characteifes&in such past actions.

It is this need to explain what is particular about the pettbah made him act upon the
motive that is lacking from the account presented in [18&rethough in their motivation
the points showing the importance of this aspect are wellemgdr example in discussing
an example where a person kills his daughter for financial ga¢y write “only a very
few people kill their children, or step children, for finaakgain. Almost all of them can
sleep soundly in their beds, even if the financial burden eir ffarents is very heavy”. But
the argument thaX needed money and would inherit on his daughter's deathhabX
had a motive for his daughter’s death, so we can concludeXhdlted his daughter for her
moneyis of precisely the same form as that proposed for the carithgf0] and endorsed by
Walton and Schafer. Another interesting example in [18hkeh from the Sherlock Holmes
story, The Mystery of the Noble Bachelan which a bride disappears before her wedding
reception. There the explanation turns not on an unusuaévadering (the bride’s previous
husband, presumed dead, appears and she leaves with hivatedthy love, the desire to
avoid scandal and fear of a charge of bigamy, all of which sgeite normal). In that case,
before the discovery of thdeus ex machina the form of the long lost husband there was
simply no justification acceptable to any reasonable awdiewhich led Holmes to look
for some additional features in the situation which coulte@ reasonable explanation. We
believe that our account provides a much better way of resognthat crimes are, as stated
in [18], “by definition deviant behaviour, what people do normally do”.

Our use of the AATS also allows us to clarify the notioriiEnt Because the argument
only motivates the particular agent’'s component qgbiat action, the state reached may
not be the state that the agent wished to reach. For exampleaththief may have hit V
intending to intimidate him into silence, but through somisfortune the blow proved fatal.
Note that in Leonard’s formulation of the example followed18], the same evidence and
inference would equally license the conclusmunintentionally killed V while attempting
to intimidate V to prevent V from revealing the theft to théqeo

Finally we should note that the primary concern of [10], almached on in [18], is the
legal admissibility of motive evidence. We do not want to gtithese legal issues here:
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our aim is only to provide a mechanism for rationally expiagnactions in terms of their
motivation.

Other relevant works in Al and Law are other accounts offigstiion through a causal
story such as Begt al[6], [7] and Thagard [15]. In the next section we will discimsv we
see our account as extending and developing the work ofeBek Similar remarks could
also be made about [15].

6 Concluding Remarks

In this paper we have shown how we can use an argument schempeébical reasoning
abductively in order to generate a set of explanations fovengstate of affairs in terms
of the motivations of the agents who brought it about. Tyihycae will have competing
explanations which we can resolve by considering the pigsramongst motivations of the
agents concerned. If the normal default priorities do nplar the situation, we must find
an ordering which does, and then justify this by means of gy stdnich explains how the
agent came to have this ordering. This will in turn guide cledor further evidence to an-
chor this explanatory “back story”. Explanation in termsradtivations is important, both to
make our chosen story plausible and, in some cases, to de¢etime degree of culpability of
the agents. We have thus given motivations a clear and sedaae in evidential reasoning
about actions. This distinction has been recognised irrethek such as [11], where a for-
mal treatment is proposed. There Modgil defines a framewovihich conflicts over value
orderings are reasoned about at a separate meta-levemehiss that conflicts between ar-
guments may be resolved through reasoning about prefecededngs at a different level,
resulting in a hierarchical argumentation framework. Faula based treatment in the style
of [7], the need for meta-level reasoning will require rutésan additional kind which al-
lows us to conclude that an agent has a particular valuenerefe, such a$lshmael ruined
Ahab then Ahab prefers Revenge to Safety

Our approach is firmly grounded on a formal structure pradioean AATS. The AATS
makes the underlying model of the stories lagshocthan in previous approaches which
rely on a set of rules. In addition, when compared to [7] thebfem formulation critical
questions stated formally in section 3 give us a better dppdy to reason about the causal
model underlying the story. A disadvantage is perhaps ieedtdusal rules are not as explicit
as in [7], since the causal relations are now implicit in transition system. We believe,
however, that the possibilities for richer reasoning abativation more than compensate
for this.

For future work we intend to apply the above analysis to gte\a rule based repre-
sentation so as to facilitate computation. Taking as aistpfoint the rules found in [7],
we will need three kinds of rules: rules describing physgzlsation, such as “If g1 and
Ahab pushes Ishmael then Ishmael is in the river”; rules szdiee motivation “If g1 and
Ahab pushes Ishmael revenge is promoted”; and rules tordetervalue preferences such
as that mentioned above to explain why Ahab prefers revamgafety. The first kind can
be straightforwardly derived from the AATS: each transitrepresents one such rule. The
second kind can also be extracted from the AATS: each labaltensition represents one
such rule. The third kind of rule is not present in the AAT$icsl these rules belong to the
meta-level reasoning associated with the VAF: these rulbseguire the kind of analysis
we used in determining the appropriate audience to use fabAind Ishmael. An excellent
case to which these ideas can be applied is the Claus von Riglsevwhich is described by
Thagard in [15]. There Thagard gives a full description efthse as well as representations
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of the cases presented at both the initial trial and the dppsang this example will allow
direct comparisons with the Explanatory Coherence and 8agédNetwork approaches used
by Thagard, as well as the approach of [7].
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