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Abstract
Many text documents in the legal domain are created in order to express
the reasoning steps a decision maker followed in reaching conclusions.
For example, refugee law determinations are documents that express the
reasoning steps a member of the Refugee Review Tribunal in Australia
followed in order to infer conclusions regarding the status of an applicant.
Although, it is reasonable to expect that a mapping between the reasoning
steps used by a decision maker and the structure of the document
produced would clearly be apparent, a number of authors have discovered
that such a mapping is by no means obvious. In order to develop legal
knowledge based systems that generate documents from their own
reasoning steps, discourse analysis is invoked to bridge the gap and
perform the mapping. In this paper, we articulate a heuristic that we use
to generate a plausible document structure without the use of discourse
analysis. Without discourse analysis, the heuristic cannot contribute to
our understanding of the process employed by decision makers to convert
reasoning to text. Nevertheless, the heuristic can mimic the process. The
heuristic has been trialed with a small sample of refugee law
determinations by extracting the reasoning steps from each determination
and applying the heuristic to reproduce each document’s structure.
1

Introduction

In many applications of human reasoning, conclusions ultimately
reached and the reasoning steps employed to reach conclusions are
expressed in written natural language. For example, the inferences that
members of the Refugee Review Tribunal (RRT) make in assessing claims
for asylum seekers to remain in Australia as refugees are natural
language documents called determinations that vary from 6 pages to
many tens of pages in length and only loosely conform to a pre-defined
structure. However, although determinations reflect reasoning, each one
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is written in a style that is not obviously consistent with a representation of
refugee reasoning that we have developed over the last two years in close
collaboration with RRT members.
The disparity between a natural language document and a representation
of reasoning that a document expresses has been noticed by a number of
authors using different knowledge representation schemes so is likely to
be an artefact of communication styles rather than a peculiarity of any one
knowledge representation scheme. Dick (1991), in translating legal
decisions that spanned hundreds of years into conceptual graph frames
initially attempted to do so by creating graphs directly from text
components. This proved to be too difficult because of the disparity between
the document text and a conceptual graph representation of the reasoning
that the document expressed. She proceeded by reading each judgement in
its entirety, then formulated a set of conceptual graphs from her
understanding and not from the text.
More recently, Branting et al (1999) reiterate the absence of
isomorphism between an inference tree that represents domain reasoning
and a rhetorical tree that represents the organisation of text in a
document and go further, first, by clearly articulating the benefits of a
mapping and then by utilizing discourse knowledge to bridge the gap.
According to those authors, the discourse structure is particularly clear
in documents such as contracts or wills and therefore well suited to
natural language generation techniques aimed at planning and realising
multi-sentential text generation.
Multi-sentential text generation has application in tasks such as contracts or wills because these tasks re-use similar documents in a manner
that becomes difficult for a human to perform quickly and in large
numbers. For these applications an automated system that generates as
much of the finished document, as quickly as possible, is preferred.
However, automated document generation systems can be useful to
support decision makers in those tasks that involve less re-use of similar
documents and more individual crafting of text to suit the case at hand.
The drafting of a refugee determination is unlikely to ever be automated
like a wills generator can be, because the life and death nature of a
determination necessitates, for political if not for moral reasons, the full
involvement of human decision makers. Nevertheless, a document
drafting system can support, without crossing the imaginary line towards
replacing, the decision maker by generating a document structure and
leaving the creation of sentences to the author.
We agree with Branting et al (1999) that the discovery of a mapping between reasoning steps and document structure based on discourse knowledge leads to improved document generation. Indeed, it seems unlikely
that a complete mapping between reasoning steps and document
structure can ignore discourse analysis. However, a rigorous mapping is
not necessarily required if the sole objective is to convert a series of
reasoning steps into a plausible document structure. In this study we
propose a relatively simple heuristic for the traversal of an inference tree
that realises a structure that is similar to that created by authors. The
heuristic cannot explain why a particular document structure derives
from an inference tree. Some invocation of discourse analysis would be
required for that level of description. Nevertheless, in the restricted
domain of refugee law determinations, the heuristic can be applied to
generate a document structure that is similar to one that a human author

100

Mapping Inference Trees to Document Struc

would plausibly arrive at. The heuristic can therefore be used as the basis
of an automated document generation system that is much simpler than
one based on discourse knowledge.
In this paper, we initially outline the knowledge representation schema
we use in order to illustrate that it is relatively complex and therefore can
capture intricate associations. Following that, we discuss our experience
in extracting reasoning steps from a determination. Our objective is to
demonstrate the effectiveness of the heuristic by reproducing the structure
of the determinations in our sample. Results indicate that a relatively
simple heuristic can mimic the structure of determinations and therefore
be used as the basis of a system that supports the decision maker by
generating a document outline that displays a plausible structure.
2

Argument based knowledge representation

The knowledge representation we used is a variation from the Toulmin argument structure (TAS). Despite the immediate appeal of TAS as a convenient frame for representing knowledge, most researchers that use Toulmin
structures vary the original structure. A survey of the different variations
of the Toulmin structure can be found in Stranieri & Zeleznikow (1999).
The statement “Most Saudis are Muslim” in Toulmin’s now famous
example, may be a warrant that convinces us that the assertion “X is a
Muslim” follows from the knowledge that “X is a Saudi”. However, this
warrant communicates two distinct meanings. On the one hand the
warrant indicates a reason for the relevance of the fact “X is a Saudi”. On
the other hand the warrant can be interpreted as a rule which, when
applied to the fact that “X is a Saudi” leads us to infer that “X is a Muslim”.
These two apparent meanings are best perceived as different roles the
warrant has in the structure of an argument. Drawing the distinction
between the two roles a warrant has in an argument, leads us to explicitly
identify four features that are left implicit in the Toulmin formulation.
Figure 1 illustrates Toulmin’s Saudi argument using our representation.
The four features made explicit are:
• reasons that explain why a data item is relevant for a claim. The
warrant in the original structure is seen as a reason for the relevance
of the data item. In other examples that Toulmin uses, his warrant
statement is a rule that we equate to an inference procedure.
• an inference procedure, algorithm or method used to infer a claim
value from datum variable values. This must be made explicit if a
computational model is to be built because conceivably any computable
function can be used to infer a claim value from data item values.
• a {variable: value} formulation of each claim and data. This formulation
is convenient for the application of an inference procedure.
• reasons that explain why the inference method used is appropriate. I n
some examples the inference procedure is a neural network. Reasons
for the appropriateness of the inference procedure relate to how well the
network was trained. In many legal arguments, a statute may make
explicit an inference rule, in which case, the statute is the reason for
appropriateness of the inference procedure.
We call the argument in figure 1, a generic argument. An actual
argument is an instance of a generic argument in that that values for
variables are set. For example, an actual argument may infer X is
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certainly a Muslim from data that indicates X is certainly a Saudi. The
Reasons for relevance of a data item and reasons for the appropriateness
of a inference procedure apply to all actual arguments instantiated from a
generic one regardless of variable values. However, a component we call a
claim value reason is sometimes necessary in order to encode a reason for
why a particular claim value follows from a particular data item value.
inference
procedure: rule set

DATA

CLAIM

If X certainly is a Saudi then X certainly is a Muslim
If X probably is a Saudi then X probably is a Muslim
If X probably is not a Saudi then X probably is not a Muslim
If X certainly is not a Saudi then X certainly is not a Muslim

X [ certainly is a,
probably is a,
probably is not a,
certainly is not a ]
Saudi.

Why data
item is
relevant

Most Saudi's are
Muslim

BACKING

Saudi Census

Implements a
1:1 mapping
between Saudi
and Muslim

Why
inference
p rocedure is
appropriate

X [ certainly is a,
probably is a,
probably is not a,
certainly is not a ]
Muslim.

No value set

Claim value
reason

Figure 1 Our variation to the Toulmin Structure

We have identified over 200 generic arguments that have been used by
members of the Refugee Review Tribunal or applicants for refugee status
by perusing determinations and interviewing members. Figure 2
illustrates the generic argument that makes the claim regarding well
founded fear of persecution. No inference procedure has been specified for
this argument as research is initially in progress toward the use of the
knowledge representation to support human inferences and not to
implement machine inferences.
CLAIM

DATA
The applicant
[does, does not have]
a real chance of persecution
Relocation within the country of
origin is [unlikely to lead to
protection, not feasible, likely to
lead to protection]

Why data
item is
relevant

inference
procedure: not
yet specified

High Court of United Nations encourages
search for safe havens
Australia
within country of origin
Precedent
Chan Vs Minister Article 9 UN Convention
BACKING
Immigration

The applicant
[has, does not have]
a well founded fear of persecution.

Why
inference
No value
No value
procedure is
set
set
a ppropriate

Claim value
r eason

Figure 2 Generic Well-founded fear argument

The arguments combine to form a chain or tree of arguments because one
argument’s claim is another argument’s data item. For example, another
argument exists that has, as its claim, The applicant (does, does not have)
102
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a real chance of persecution, which is one of the data items in figure 2.
The ultimate argument asserts an applicant (is, is not) a refugee. In the
next section we shall describe the representation of a sample
determination using our schema and contrast this with the text of the
determination.
3

Juxtaposition of reasoning steps with document structure

The first sample refugee determination involves a Sri Lankan woman who
was determined to be in need of refugee status by the Refugee Review Tribunal. Her claims for refugee status were based on an incident some years
ago in which her home was burnt down and more recent incidents of beatings and other reprisals by the armed forces following contact with
persons suspected of belonging to the rebel army, LTTE . The
determination is 5 pages in length and contains the following headings:
• Jurisdictional Foundations. Two paragraphs common to all determinations that establish the authority of the Tribunal to review the case.
• The Law. Eleven paragraphs common to all determinations that outline
leading cases, statutes and other relevant background information.
• Findings of Fact. This section contains the member’s summary of all
claims an applicant has made. Associated with a summary of each
claim is the member’s own finding regarding the veracity of the claim
and accompanying reasons.
• The Decision. Two paragraph statement of the decision.
Figure 3 represents a partial tree of claims extracted from this determination. Reasons for the relevance of data items, appropriateness of inference
procedures or for particular claim values, are omitted in Figure 3 for
brevity. The claim labelled A with value (is) indicates the applicant is a
refugee. This is made on the basis of the value of one data variable, B. B is
the claim for an argument in its own right and has data items C and D.
Claims in Figure 3 stop at N for brevity. In total there were 36 claims
identified in the determination.
The values for claims were extracted manually by reading the case, tagging passages relevant for a claim and assigning the value that seemed
best to capture the member’s intended meaning. For some claims the
appropriate passage and value was obvious. For example, claim A, the
variable refugee is unequivocally taken to have the value (is) from our
reading of the following paragraph in the determination:
The application for a domestic protection (temporary) entry permit is remitted
for reconsideration with a direction that the criterion requiring the applicant
to be a non-citizen who has been determined to be a refugee under the
Convention and Protocol, is satisfied.
(1)

The variable, G, Taken together all incidents constitute harassment is
associated with the text fragment:
The burning of the applicant’s home and belongings in Trincomalee, was a
deliberate act designed to punish the applicant and her daughter for their perceived connection with the LTTE. Such an act does not carry the imprimatur of
international approval as a reasonable use of force for purposes of self protection. Furthermore, I am satisfied that the applicant’s daughter was actively
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persecuted thereafter by Sri Lankan military authorities in a totally unacceptable manner. I find that both the applicant and her daughter, XX, were persecuted by the Sri Lankan authorities prior to their departure.
(2)

There could be found no text fragment that directly corresponded to some
variables in our representation. For example, variable J describes the extent to which an incident impacted on the applicant in a severe or persecutory manner. We surmise that the member has inferred that the house
burning incident in Case 1 did impact severely on the applicant because of
the tone of the text associated with variable G, depicted here in the paragraph above. We surmise that the member has left text fragments
associated with this, and many other variables, implicit.
The reasoning expressed in the determination was found to map onto 36
variable: value tuples contained within 10 arguments. Passages of text
such as the examples above mapped directly onto 18 of the 36 variables.
Values for the remaining 18 variables were not stated explicitly in the
determination, but like variable J, were left implicit. A value for the well
founded fear variable is similarly not explicitly mentioned in the text but is
assumed by the context of the entire document to have the value has.
A. Refugee [is]
B. Well founded fear [certainly]
C. Real chance of persecution [yes]

D. Protection if relocation within country of origin [no]

E. Harrassment due to race [certainly]

F. Safe haven exists elsewhere [no]

G. Taken together all incidents
constitute harrassment [yes]

H. Practices that target the applicant are [prevalent]

M. Practice is [Tamils N. Practice has
subjected to mass
changed [no]
arrests]
I. Incident 1.
K. Incident 2.
J. Incident 1
Description
Description
Impact on the
[applicant’s home
[Beaten by
applicant’s
burnt down]
security forces]
life [severe]

L. Incident 2
Impact on the
applicant’s life
[severe]

Figure 3 Partial tree representing reasoning steps in case 1

Seven cases were randomly selected for analysis. Text fragments from
three of the seven cases were associated with variables from our
representation independently by three assessors. The majority of text
fragments were associated with the same variable: value pair by each
assessor. However, there were some anomalies. Each anomaly originated
from some ambiguity concerning the discourse intention of the member.
For example, a fragment in a case involving a Timorese applicant was
associated with the well founded fear variable by two assessors and with
the credibility variable by the other assessor. The disagreement was due to
subtleties in interpretation of the intention underpinning the text. This is
a clear indication that rigorous analysis of text requires discourse
analysis representation and that speakers intentions need to be taken into
account. However, the anomalies occurred sufficiently infrequently to
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suggest that, in the majority of refugee determinations, the member’s
intention is clear. This obviates the need for sophisticated discourse
analysis if the objective is solely to support the member in generating a
base determination for further refinement.
Table 1 illustrates two possible traversals of the tree in figure 3; a top
down, breadth first and a bottom up variant. The same table also indicates
the sequence within the determination that the passages actually
appeared and a traversal we call bottom up, sub-tree constrained that we
describe below.
Paragraphs 1..16 and 38..39 do not correspond to any of the generic
arguments we used to model refugee determinations. Paragraphs 1..15
comprise the standard paragraphs in the Jurisdictional Foundation and
The Law sections that provide background information but do not relate
specifically to the reasoning steps in the case at hand. Paragraphs 16, 38
and 39 relate to the age of the applicant and although a generic argument
does not exist we can represent the reasoning made in these paragraphs
with the inclusion of an additional and new argument.
Traversal
Top down, breadth
first traversal
Bottom up
Actual

Sequence
A, B, C, D, E, F, G, H, I, J, K, L, M, N

Bottom up, sub-tree
constrained traversal

I, {J}, K, {L} F, M,{N},{H},G,E,C,{B}{D}A

I,J,K,L,G,E,C, M,N,H,E, F,D, A
1..16, I,K,F,M,G,E,C,38,39, A.

Table 1 Sequence of passages associated with reasoning steps of Example 1

As expected, a top down or bottom up traversal of the inference tree does
not obviously map neatly onto the actual structure of the document. However, a traversal that we call bottom up, sub-tree constrained represents a
heuristic traversal that does map the inference tree neatly onto the document structure. This traversal is described informally as follows:
1.
2.
3.
4.

Begin at any node near or on a leaf
Visit all descendent nodes, that is, all nodes within the sub-tree defined by
the node, in any order until there are no nodes unvisited in the sub-tree
Where possible, insert implicit nodes adjacent to siblings
Select any unvisited node and repeat.

The traversal I, {J}, K, {L} F, M,{N},{H},G, E, C,{B}{D}A is consistent with
the heuristic as follows:
•
•
•
•
•
•
•
•
•
•
•
•

Begin at node I because it is a leaf,
I has no sub-tree
Insert implicit node {J}
Visit any node not visited: K
K has no sub-tree, Insert implicit node {L}
Visit any node not visited, F
Visit any node in the sub-tree of F: M
M has no sub-tree, Insert implicit node {N}
Visit any node in the sub-tree of F: {H}
Sub-tree F completed so visit any unvisited node: G
All nodes in sub-tree of G have been visited so visit any unvisited node: E
All nodes in sub-tree of E have been visited so visit any unvisited node: C
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• All nodes in sub-tree of C have been visited so visit any unvisited node: {B}
• Visit any node in the sub-tree of {B}: {D}
• All nodes in sub-tree of {B} have been visited so visit any unvisited node: A

The traversal heuristics do not produce a document structure isomorphic
to the inference tree. This is not a limitation because the expression, in
text, of the same reasoning by different persons is not expected to be
identical. The objective of a traversal algorithm is to produce any good
document structure and not the one optimal document however optimal is
defined.
The traversal heuristics have intuitive appeal because Members, in
weaving a determination, do not commence at the conclusion because
there are too many issues that have contributed to a value at that level.
Instead an issue closer to the facts (leaves) are selected and all facts and
issues relevant to that issue are discussed (i.e. all sub-tree nodes). Once
that issue is covered, the author has creative freedom to select any other
issue. Discussion pertaining to that issue continues until all issues and
facts relevant to that are covered. While it is certainly possible that an
author exercising a skilful degree of flair may construct a document using
heuristics other than these, our contention is that the heuristic presented
here can be used to generate a document that appears at least, coherent to
a reader, even if it lacks dramatic emphasis.
In order to illustrate our observation we take a second example, drawn
at random from a pool of determinations. In the second case, the applicant
is an ethnic Tamil citizen of Sri Lanka from Jaffna with a heart condition
who experiences some incidents of harassment whilst in Colombo. Return
to his home in Jaffna would involve a real chance that his life would be
endangered because of a government embargo on medical supplies to the
area (directed at LTTE sympathizers). Relocation to the most likely area of
Colombo is not possible because none of the threshold criteria for
returnees to establish themselves without serious security problems can
be met. Figure 4 illustrates the traversals of the argument tree.
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A. Refugee [is]
B. Well founded fear [certainly]
C. Real chance of persecution [yes]

D. Protection if relocation within country of origin [no]

E. Harrassment due to race [certainly]

F. Safe haven exists elsewhere [no]

G. Taken together all H. Practices that target
the applcant are
incidents constitute
harrassment
[prevalent]
[maybe]

I. Practices/policies that target
the applicant are [prevalent]

O. Practice is [mass
arrests of Tamils,
extortion by LTTE
& security forces]

K. Incident 1.
Description
[detained &
threatened by
security forces]
L. Practice is
[medical
embargo]

M. Practice is
[current]

J. Ability to relocate

P. Practice is Q. Applicant falls
into category of
[current]
persons that may
be targeted [yes]

N Applicant falls into
category of persons
that may be
targeted [yes]

Figure 4 Partial tree representing reasoning steps in case 2

In the actual determination, paragraphs 9-16 correspond to a standard
section on Refugee Law which is included in most determinations. As in
example 1, a number of claims were left implicit in that there were no
passages of text in the determination that corresponded to arguments in
our generic argument structure. These are shown in parentheses in the
table above (G, H, Q, B). The reasoning expressed in this determination
was found to map to 31 variable: value tuples contained within 10
arguments. Passages of text mapped directly onto 13 of the 31 variables.
Values for the remaining 18 variables were not stated explicitly in the
determination.
The passage associated with variable N is interrupted twice in the determination of Example 2; once by the passage associated with variable K
and then by passages 9-16. This is an example of text corresponding to one
reasoning step being embedded within another that was noted by Branting
et al (1997) as further evidence for the lack of isomorphism between an inference tree and a document. However, it is our view that although embedding may add some flair in the drafting of a determination, it is not essential. A document can be generated using the heuristics described above
that does not contain any embedded text and is as readable.
Table 2 illustrates that the bottom up, sub-tree constrained traversal described by our heuristics reproduces the actual argument if the split passages associated with, N are united. Furthermore, although quite
different factually, examples 1 and 2 both contained 10 Toulmin
arguments and over thirty variable: value attributes. In both examples
there was a high proportion of implicit variables (18/36 for example 1 and
18/31 for example 2). In summary, example 2 confirms the observations
we made from the first example.
To date, the reasoning steps in seven cases drawn at random from a
pool of RRT determinations have been extracted using the knowledge
representation frame described above. The heuristic we described has

107

JURIX 1999: Andrew Stranieri, John Yearwood and John Zeleznikow

been applied to each of the seven cases in order to ascertain whether the
structure of the actual document could be produced using our heuristic.
The heuristic was found to account for the actual structure of the
document in each of the seven cases. Research is in progress to verify the
heuristic on 20 cases. Following that, we plan to survey member’s
opinions of document structures generated with the use of the heuristic.
Traversal
Top down, breadth
first traversal
Bottom up
Actual
Bottom up, sub-tree
constrained
traversal

Sequence
A, B, C, D, E, F, G, H, I, J, K, L, M, N,O,P,Q
K,G,L,M,N,H,E,C,O,P, Q,I,J,F,D,B,A
N,K,N,9-16,N,L,M,C,25,F,I,O,P,J,D,A
N, K, L, M, {G}, {H}, C, F, I, O, P, {Q}, J, D, {B}, A

Table 2 Sequence of passages associated with reasoning steps of Example 2

Table 3 illustrates a case that is one of the more intricate we sampled. I n
this case the reasoning steps involved 58 variable: value tuples. Twenty
eight were explicitly represented by text fragments and 30 were implicit.
Traversal
Actual
Bottom up, sub-tree
constrained
traversal

Sequence
P1-11,22,24,25,Y,27,26,1,29,15,3,B,5,32,7,35,F,9,21,F,C,
H,F,P36-P39, C, F, W, X, L, F, C, B, D, P51, A
22, {23}, 24, 25, {11}, {V}, L, W, X, {M} {I}, Y, 26, 27, {28},
{12}, {13}, {2}, {N}, 1, 29, 30, {31}, {16}, {15}, {2}, {O}, 3, {4},
{P}, 5, 32, 33, {34}, {6}, {Q}, 7, 35, {36}, {37}, {18}, {19}, {8},
{R}, 9, {20}, 21, 10, S, {J}, {E}, F, C, {T}, {V}, {K}, {G}, H,
D, B, A

Table 3. Sequence of passages associated with reasoning steps of a third case

The sequence of fragments once again conforms to the heuristic described
above.
4

Conclusion

In performing a fine-grained analysis of the mapping between a
document structure and the reasoning steps expressed in a document we
noticed that a mapping is not obvious. The heuristic that we use to
generate a plausible document structure without the use of discourse
analysis has proved to be successful in the tests so far. Without discourse
analysis the heuristic cannot contribute to our understanding of the
process employed by decision-makers to convert reasoning to text.
Nevertheless, the heuristic can mimic the process sufficiently well to be
useful in the task of supporting document drafting in a complex domain
where there will always be a need for human interaction and refinement.
Future research in this direction is aimed at formalising the heuristics
and engaging in more rigorous evaluations. An evaluation should include
comparisons of documents generated with our heuristics with actual
documents in addition to studies that measure the readability or
coherence of documents generated with our heuristics.
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