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Abstract 
Systems that attempt to process texts and acquire information from texts in English need 
to be particularly alert to noun phrases since they carry so much information. Systems, 
whether comprehensional or computational, may face particular difficulties when 
dealing with complex noun phrases. One of the decomposition patterns for noun phrases 
is left or right branching, which determines the semantic relations between the 
constituents of the combination. 

This degree project seeks to describe a processing model that the comprehension system 
employs to process difficulties. Since the minicorpus studied in this research consists of 
four of the peace agreements that were produced in English for Israeli and Palestinian 
sides of their conflicts to sign and implement, the comprehension models that were used 
by a non-native speaker of English are described, and then a computational model to 
enhance performing this task is suggested which includes using the frequencies of the 
combinations of the constituents in two major contemporary corpora, the Corpus of 
Contemporary American English and the British National Corpus, to help decide how to 
nest the noun phrases as either left or right branching structures, to resolve the 
ambiguity problem. Hyphening is also suggested as a potential strategy to avoid 
unwanted structural ambiguity in adjective + noun + noun combinations. 
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1. Introduction 

According to Encyclopedia Britannica, ambiguity is “use of words that allows 
alternative interpretations”. Therefore, ambiguity is considered an error in reasoning and 
diction if it occurs in “factual” and “explanatory prose” while it is in fact one of the 
tools to increase richness and subtlety of language in literary prose and poetry. 
William Empson’s Seven Types of Ambiguity (1930; rev. ed. 1953) gives a full and 
useful introduction to the subject. The word ambiguity is occasionally used loosely. For 
example the U.S. policy towards the unification of China and Taiwan is described as a 
policy of ‘strategic ambiguity,’ that allows the U.S. to be non-specific in its assertions 
about the status of Taiwan. Or there is a rare medical condition known as ‘ambiguous 
genitalia’ in which the infant’s external genitals don’t fall clearly, or exclusively, into 
male or female genitals, as a result of incomplete development or having the appearance 
and characteristics of both sexes. The Oxford English Dictionary’s entry on ambiguity 
is also ambiguous between two meanings: “uncertainty” or dubiousness on the one hand 
and a sign being “open to more than one interpretation” on the other. However, being 
dubious and vague are known to be characteristics considered different from ambiguity 
by theorists, who have found it useful to distinguish the phenomenon of ambiguity from 
these other phenomena, vagueness, uncertainty, under-specification, etc. 
(https://plato.stanford.edu/entries/ambiguity/).  

Language as a method of human communication is designed to record pieces of 
knowledge or transmit them from one mind to another through conventional usage of 
structures of different kinds. Ambiguities seem to serve a very different purpose, by 
leaving the recipient of the message perhaps more puzzled than before. They have been 
the source of much frustration, bemusement, and amusement for philosophers, 
lexicographers, linguists, cognitive scientists, literary theorists and critics, authors, 
poets, orators and anyone who deals with the interpretation(s) of linguistic signs1. 
Ambiguity in text can take different forms, though all require more precise clarification 
from the writer to avoid difficulty in comprehension or variety in interpretation. As 
Chierchia and McConnell (1990: 32) explain, “ambiguity arises when a single word or 
string of words is associated in the language system with more than one meaning”. In 
other words, “ambiguity can emerge at any level of discourse - in words, in a sentence, 
or in a set of sentences” (Pehar, 2001: 165). One can thus distinguish between 
referential, syntactical, and cross-textual ambiguities, depending on whether they occur 
in a single word, a sentence, or a set of sentences.  

 

 

1 https://plato.stanford.edu/entries/ambiguity/ 
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Some examples: 

Syntactic ambiguity 

• Flying planes can be dangerous. (Either you are doing the flying or someone else is.) 
• The president could not ratify the treaty. (He couldn’t ratify it versus he could “not-
ratify” it, as an option.) 

Lexical ambiguity 

• Homonymy:  
bank (financial versus river);  

• Homophones:  
hole versus whole. 

• Polysemy: association of one word with two or more distinct meanings 
arm as in the sentence: The U.S. sells arms to Saudi Arabia. 

Arms bend at the elbow. 

However language contexts (e.g. collocations and grammatical forms) usually 
disambiguate polysemous and homonymous lexical items. In other words, lexical items 
are most often "open to more than one interpretation" when they are 
uncontextualized.  The logical representation of all ambiguity types is as follow:  

A ꞊ B e.g. Bank is the land along the side of the river or lake. 

A ꞊ C Bank is financial establishment.  

B ≠ C The land along the side of the river or lake is not a financial establishment. 

However, ambiguity is not a sheer contradiction of meanings within a sentence but is 
only a possibility of sentences and meanings which can be implied in a context. As 
Pehar (2001, 165) explains, ambiguity “is a sort of phenomenon which presents a 
serious challenge to any theory of mind and language, and which demands that we face 
the outermost limits of our language in the very medium of the language”. This 
challenge is not the most desirable to take in every field of discussion and status of 
mind. The scope of this challenge should also be defined and its consequences be 
predicted by the speaker/writer before making it.  

As for many other discourses, in political communication and diplomacy preciseness is 
considered as necessary and ambiguity as disruptive to comprehension, although 
ambiguity may in itself also be a useful tool to achieve goals and prevent consequences. 
In this sense ambiguity can be used consciously and professionally as in aesthetics; but 
it can be “catastrophic when diplomacy turns into hard fact, just as it can be glorious in 
an actual work of art” (Bernstein, 1976: 193). 
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A tale among the ancient Greeks about hubris says that Croesus, the last king of Lydia 
(reigned c. 560-546 BC), found himself confronted by the rising power of a Persian 
empire, and therefore asked the oracle at Delphi to foresee the outcome of his attempt to 
conquer the Persian Empire. The Oracle replied "If Croesus goes to war he will destroy 
a great empire." Pleased by this answer, Croesus marched his force towards the Persian 
army at Halys River but his army was defeated, Croesus was captured and his empire 
overthrown. Cyrus, king of Persia, was moved by hearing the story of the prophecy and 
ordered the release of Croesus and sent him to Delphi for an answer. The answer was 
that Oracle had spoken only the truth - a great empire had, in fact, been destroyed by 
Croesus: his own. In fact Oracle had used the expression “destroy a great empire” in an 
ambiguous way, meaning “destroy” or “self-destroy,” which, linked to Croesus’ narrow 
understanding, led to his defeat. 

As Paher (2001) points out, Aristotelian theory discusses ambiguity in language as a 
flaw or a symptom of its insufficiency, of its inability to portray the world as it really is. 
Contrary to that view, she proposes that ambiguity is a “normal and recurring 
phenomenon, which we all individually and occasionally produce by adding new 
meanings to the words we adopt from our linguistic community” (Paher, 2001: 169). As 
a result ambiguities of different types may be expected in every linguistic production. 

Language has more purposes than merely transferring knowledge from the 
speaker/writer to the listener/reader. Karl Bühler (1934) has pointed out at least two 
more functions: first, language performs an expressive function which rests on the 
human need to express feelings, interests, and preferences; and second, the vocative 
function, which is based on the desire to influence the feelings, interests or preferences 
of others. Accordingly, ambiguous language, being used as a tool, can be perceived to 
have the latter function, especially when it comes to the discussion of human beings and 
their benefits, which are the main concerns of diplomacy and political conversations.  

Ambiguity in diplomacy or “diplomatic ambiguity” (Paher, 2005) can differ in types 
though it is not only bound to speech, as it is present in texts as well. For instance, in the 
1990s, a disagreement caused by the clash of interpretations on the meaning of the key 
terms of their political written and spoken communications led to a war between 
Croatian authorities and the Croatian Serb minority. The term “Federal Republic of 
Yugoslavia”, for instance, for Croatian authorities meant an association of free and 
basically independent republics for Croatian authorities, while for the Serb minority the 
term meant much more than that (i.e. referential ambiguity) (Paher, 2001). Just like the 
misunderstandings and later conflicts and the war generated by the disagreement over 
the crucial terms of political vocabulary, an “ambiguous peace agreement will itself 
generate new misunderstandings and add more heat to the parties’ already hostile 
feelings” (Paher, 2001: 172). Ambiguities in peace agreements thus prompt the parties 
to set in motion a new spiral of physical violence, or at least unleash a psychological 
war of words and perceptions. 
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Even though there exists previous research that has been done on the detection of 
ambiguity in different domains, including International Relations, there still seems to be 
a lack of sufficient focus of investigation on political texts, particularly resolutions and 
treaties, which can be considered some of the most important texts affecting human 
lives and well-being. I therefore aim to provide more clarification on how these texts 
can be regarded as ambiguous from different aspects and whether this phenomenon is 
negatively effective on the executive aspects of the treaties. 

The purpose of the present research, accordingly, is to recognize one of the potential 
types of ambiguity present in the genre of political discourse, specifically peace 
agreements, analyzing the problems they expose to comprehension and offering 
solutions to them. Accordingly, the following sections provides a review of previous 
literature, explicit description of the methodology adopted in the research, discussion of 
the attained results and finally offering a solution in the concluding section.  

 

2. Review of Literature 

2.1 Research Background 

Ambiguity in language, although not informative, seems to be a popular tool of 
communication among politicians, who primarily deal with humans, their benefits and 
their environment. Specifically, in diplomatic talks that combine two or more 
conflicting desires ambiguous language plays an important role in at least bringing the 
various parties to the negotiating table. This tool can also be detected in the 
phenomenon of “linguistic politeness”, which combines the desire to convey a clear 
message that in its bare form would insult, and the desire to avoid offending or 
humiliating a human being or an existence (Paher, 2001). In other words, ambiguity has 
been used as a strategy in different contexts to avoid an offensive language (Brown and 
Levinson, 1978). Furthermore, ambiguity may also be used as a tool to create an 
intended confusion in order to achieve a goal that conflicts with those of others, to avoid 
giving an answer that has negative consequences or is not favored, to avoid an 
undesirable action (obeying the rules, yielding to demands or keeping a promise), to 
minimize the penalty of a wrong action or decision, and finally, when there is 
resistance, especially to change. While the first type of the employment of ambiguity is 
not undesirable, the second type is not favored by the listener/reader of the ambiguous 
language.  

Pointing out a rationale behind the use of ambiguous language in political agreements, 
Pahar (2001: 170) explains that “if two parties have strong and contradictory interests, 
and if it seems that neither side is ready to concede a part of its maximum demand,” 
and/or if the negotiations are “running short of time and the parties cannot discuss such 
concessions in more detail, then the issue of conflicting interests can be resolved by […] 
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simulating a compromise in a very rudimentary form” in other words a formula is 
created that can carry at least two incompatible meanings, A and B. She detected the 
usage of such formulas in several peace agreements like the “Good Friday” Agreement, 
the Yalta Declaration and the Dayton Peace Accords, and explains that diplomats, 
negotiators, mediators and decision makers rely on ambiguities, often with no concern 
about the negative effects that ambiguous elements in peace agreements may produce. 
She examines three types of ambiguity in these texts, namely syntactic, cross-textual 
and referential ambiguity from a power-centric view rather than a linguistic prospect, 
explaining that ambiguity serves the important function of “setting a very rudimentary 
basis for future relations between erstwhile adversaries”, however, “its effectiveness 
depends to a high degree on the adversaries’ attitudes and behavior during the 
interpretation process.” (Pehar, 2001: 195)  

 

2.2 Detecting Ambiguities 

The approach that is employed in this research builds on considerable earlier research in 
sentence processing and syntactic ambiguity resolution, which has raised many of the 
issues considered in the current project (Ferreira and Clifton, 1986; Lauer, 1995; 
MacDonald et al, 1994; Filik et al, 2005; Attia, 2008; etc.). Considering the vastness 
and complexity of the issue of ambiguity, it seems to be absurd to undertake 
comprehensive research into the issue of syntactic ambiguity as a whole, and potentially 
ambiguous structures ought to be studied individually. According to the evidence 
collected in this project, the adjective +noun + noun structure is among the most 
frequent structures in the peace agreements examined in this research that cause 
difficulty to comprehension. In her book “Semantic Patterns of Noun-Noun Structures”, 
Warren (1978) discusses adjective-noun-noun as a potentially ambiguous structure. 

As the name of her book, Semantic Patterns of Noun-noun Compounds, shows, 
Warren’s work focuses primarily on noun-noun compounds. She points out that such 
compounds consist of no more and no less than two constituents and each constituent 
can be made up of any kind of complex unit, such as a compound (generally known as a 
compound-within-compound). Noun compounds are ubiquitous in everyday English and 
are consequently frequently encountered in natural language processing. In English 
compound structures involving more than two compound constituents exist but the 
frequency of such structures is considerably low (Warren 1978). English compounds 
consisting of two nouns are predominantly right headed (Buckeridge and Sutcliffe 
2002). In other words, parallel to the syntactic structure of adjective + noun phrases 
(small car, flawless plan) in which the first constituent modifies the second constituent, 
in noun-noun compounds (development plan) the first noun modifies the second, the 
head (development is the modifier and  plan is the head noun). 

However, as compounds expand to become complex compound-within-compound 
structures, they become more difficult and at the same time important to be 
decomposed, in order to access their information. Decomposition of noun phrases can 
take place through different nesting patterns. Most compound-within-compound 
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structures fall under two nesting patterns: left-branching structures consisting of two 
compounds (figure 1) and right-branching structures which mirror the former structure 
(figure 2). In the following figures both compound-within-compound structures consist 
of the same parts of speech, yet their structures differ completely. 

 

 

      

 

    homework     pages            morning  newspaper 

figure 1: left branching of              figure 2: right branching of 

compound-within-compound              compound-within-compound 

consisting of two compounds             consisting of two compounds 

 

Branching different structures would certainly be easier when the structures contain 
combinations with tight semantic relations and syntactic unity or as Warren (1978) calls 
them, as being “ready-made” and assumed to be saved in the linguistic memory, e.g. 
winter time as in winter time tires. As a result such established compounds, as well as 
collocations, require less mental activity to be branched and their processing difficulty 
is quite lower than more novel compounds. E.g. processing designer prom dress is 
much easier than spider leg pedestal. Since the former structure involves two 
compounds including the lexicalized compound prom dress, its processing difficulty 
seems to be lower than the latter structure, which is a more implicit and novel 
compound-within-compound.  

Since left and right branching of the compounds depend on the semantic capacities of 
their constituents, ambiguity in the processing of the compound arises when it is 
semantically possible to combine the constituents in more than one way (Warren 1978). 
As a result the noun + noun + noun combination security committee activities may be 
interpreted in two ways: activities of the security committee (left-branching – figure 3) 
and committee activities concerning security (right-branching – figure 4). 

 

 

      

 

Security committee activities   security committee activities 
Figure 3    Figure 4 
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As Warren (1978) suggests, the rule for structural ambiguity of three-noun 
combinations can be formulated as follow: structural ambiguity arises when A+B, A+C 
and B+C are possible compounds. She further states that the rule can be extended in an 
analogous manner for compounds consisting of more than three constituents.  

As mentioned before, the syntactic structures of adjective + noun phrases and noun-
noun compounds are alike in that the first constituent modifies the second constituent, 
the head. However, as Warren (1978) explains, an adjective preceding a compound, 
consisting two constituents, may also modify the second constituent and not only the 
first, whereas “an adjective preceding a syntactic phrase invariably modifies the first 
constituent” (Warren 1978, 20) (figure 5). 

 

      

 

   Big    fish’s      jaw 
Figure 5: 

Adjective + possessive noun + noun; the adjective (big) modifies the possessive noun (fish + ’s) 

 

Thus, in theory a combination of adjective + noun + noun can be ambiguous compared 
to the combination of an adjective preceding a syntactic phrase as to whether it is a left 
branching structure or a right branching one. However, Warren (1978) insists that 
ambiguities in adjective + noun + noun combinations are fairly rare, due to a number of 
disambiguating factors such as the semantic or syntactic unity between the adjective and 
the first noun, (white collar jobs, sour dough bread), or the determinative intonation and 
stress patterns in spoken language. 

Yet, adjective + noun + noun combinations comply with the same rule by which a noun 
+ noun + noun combination is described to be ambiguous, as structural ambiguity in 
adjective + noun + noun arises when: 

Stage 1: A (in this case an adjective) +B can be a possible combination 
Stage 2: A+C can be a possible combination 
Stage 3: B+C can be a possible combination 

As a result, whether the Adjective + noun + noun combination have structural 
ambiguity or not can be tested: 

expensive jewelry collection 
A+B expensive jewelry 
A+C expensive collection 
B+C jewelry collection 
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long Christmas carol 
A+B         * long Christmas 
A+C long carol 
B+C Christmas carol 

large room color 
A+B large room 
A+C         * large color 
B+C room color 

Court side ticket 
A+B court side 
A+C         * court ticket 
B+C         * side ticket 
 

Taking these combinations through the test can define how the combination can be 
processed or branched. Thus the combinations that come out of the test successfully can 
fall under more than one branching patterns (figure 6) while if the system does not 
recognize all and every combination of the two constituents of the Adjective + noun + 
noun combination, the combination will be either right-branched (figure 7) or left-
branched (figures 8 & 9). 

 

 

 

 

Expensive   jewelry   collection                Expensive   jewelry   collection 
Figure 6: 

Ambiguous adjective + noun + noun combination 

can have both right-branching and left-branching structures 

 

 

 

 

   Long   Christmas  carol   Large  room     color 
Figure 7:    figure 8: 

right-branching structure of   left-branching structure of  

Adjective + noun + noun combination  adjective + noun + noun combination 

Failure in stage 1 of Warren’s test  failure in stage 2 of Warren’s test 
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      Court   side        ticket 
Figure 9: 

Left-branching structure of 

Adjective + noun + noun 

Failure in stages 2 & 3 of Warren’s test 

 

 

2.3 Handling the Situation  

 
2.3.1 Cognition 

According to classic language-processing theories, the representations formed during 
language processing are precise, detailed and - most importantly - accurate (Karimi and 
Ferreira, 2016). However these approaches seem to lack a systematic method of tackling 
ambiguities and garden path sentences2. As a result, the issue is addressed in several 
recent research efforts (e.g. Greene et al, 1992; Levine et al, 2000; Ferreira et al, 2001; 
Christianson et al, 2001; Ferreira, 2003; Klin et al 2006; Christianson et al, 2006; 
Stewart et al, 2007; Swets et al, 2008, Karimi and Ferreira, 2016) showing that the 
representations formed during language processing can be imprecise and sketchy. In 
fact, in Erickson and Mattson’s (1981) research, people were observed to unconsciously 
normalize bizarre sentences in order to make them common and rational. For example, 
they report that in the Moses illusion experiments, when people were asked “How many 
animals of each sort did Moses put on the ark?” they tended to ignore the biblical 
records in which it was Noah who took the animals on board the ship and thus respond 
“two”. In this example the representation resulting from language processing was “good 
enough” to provide an interpretation that satisfied the comprehender, and was not 
detailed enough to distinguish the critical differences in who did what. In other words, 
listeners/readers do not always engage in processing of linguistic input in a full and 
detailed manner. In fact only limited information sources are often consulted in cases of 
difficulty in language processing and accordingly the processing system makes 
systematic errors and develops shallow and superficial representations (Ferreira et al, 
2009). 

2 Ferreira et al (2002) note that when people were asked to read the sentence “While Anna dressed 
the baby played in the crib”, they spent a long time processing the word played, which 
disambiguates the sentence. Linguists denote sentences of this type, which start in a way that a 
reader’s interpretation can be led to be incorrect, as garden path sentences. 
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Different models have addressed the issue of language processing and sentence 
comprehension, for instance the Garden Path model assumes that the comprehension 
system relies on simple models for building initial interpretations (Frazer, 1987), while 
the Minimal Attachment model assumes that the comprehension system builds the 
simplest syntactic structure first (Ferreira & Clifton, 1986). MacDonald et al (1994) on 
the other hand suggest that the sentence processing system operates in an interactive 
manner and simultaneously draws on any relevant information source to solve 
difficulties in language comprehension, while Tanenhaus et al (1995) assert that the 
system keeps all possible interpretations of an ambiguity in parallel until one is selected. 
This approach is referred to as “unbounded rationality” in decision-making.  

Ferreira et al (2009) claim that “good enough” processing occurs both in intra-sentential 
and inter-sentential processing. As an example of the latter, research shows that the 
referents of ambiguous and even unambiguous pronominal referring expressions might 
remain unresolved during the sentence processing (Greene et al., 1992). For the 
comprehension of multi-word terms, such as compounds, adjacent units are more likely 
to be comprehended together, as Levine et al (2000) argue in the case of reference 
resolution: reference resolution becomes more likely to happen when the antecedent is 
more accessible. In other words, in the comprehension process the more accessible 
antecedent is the most likely to be connected to the reference. For instance in the 
sentence “Jane’s daughter seemed to like her new pearl necklace”, despite the 
ambiguous structure of this sentence, her is more likely to be comprehended as a 
reference to Jane’s daughter rather than Jane herself, since the determiner her is more 
adjacent to daughter. Consequently it can be concluded that the positions of elements in 
ambiguous sequences within sentences may cause shallow and imprecise 
comprehension. 

 

2.3.2 Automatic Language Processing 

The decomposition system that is endorsed by Barker (1998) is “bracketing”, in which 
he suggests bracketing the modifiers into modifier-head pairs and then determining “the 
semantic relationships among individual components of the noun phrase”. He actually 
describes a semi-automatic system for bracketing an unlimited number of adjectival 
premodifiers. This system, named HAIKU, is supposed to operate with no prior 
knowledge and compile bracketing evidence while processing a text. Traditionally, 
computer systems rely on hand-coded semantic knowledge such as dictionaries 
(Leonard 1984), pre-coded semantic class information and domain-dependent frames 
(Finin 1986), and pre-coded (hand-coded up to the end of twentieth century) lexicon 
containing syntactic information (Ter Stal 1996), for assigning semantic relationships to 
modifier-noun compounds. 

Bracketing noun compounds becomes necessary in language production and language 
processing when the head noun has more than one premodifier, noun or adjective. 
Bracketing can be done based on left-branching and right-branching nesting patterns. 
i.e. court side ticket is left branching and is bracketed as follows:  
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I. ((court side) ticket) 

And long Christmas carol is right branching and is bracketed as shown below: 

II. (Long (Christmas carol)) 

Yet, bracketing can become challenging when the semantic ties between the 
constituents cannot decide left-branching or right-branching. Resnik (1993) suggests 
that to decide between right-branching and left-branching such ambiguous 
combinations, noun (A) + noun (B) + noun (C), the frequencies of the A+B sequence 
and the B+C sequence be compared in a corpus. Lauer (1995) later calls this approach 
the adjacency model yet he suggests a different model called the dependency model. 
Lauer’s (1995) model, which outperforms the adjacency model, is based on comparing 
the frequencies of A+B and A+C (instead of B+C). In fact, by testing both dependency 
and adjacency algorithms on a set of 244 three-noun compounds extracted from 
Grolier’s Encyclopedia, Lauer found that the dependency algorithm consistently 
outperformed the adjacency algorithm, achieving a maximum of 81% accuracy on the 
task (Buckeridge and Sutcliffe 2002). However Lauer and Dras (1994) confirm the 
results of Resnik (1993), claiming that between 60% and 70% of the potentially 
ambiguous compounds are left branching. These results were confirmed by Ter Stal 
(1996) as well.  

The adjacency model can also be semantically evaluated. Let’s consider the 
combination economic development idea, for which both right and left bracketing are 
possible. Frequency of occurrences of economic development would be the evidence for 
left branching (III), and restricting development. Frequency occurrences of economic 
idea would be the evidence for right branching (IV), and restricting idea.  

III. ((economic development) idea) 
IV. (economic (development idea)) 

But the occurrence of development idea could be evidence for both branching patterns, 
as (III) and (IV) both refer to development idea and evidently statistics of occurrence of 
B+C cannot be counted as the evidence for either way of bracketing (Barker 1998). 

As Barker (1998) explains, HAIKU’s bracketer employs a similar approach to the 
dependency model to solve the problem of ambiguity in combinations consisting of 
either noun or adjective premodifiers, employing an interactive method to solve 
bracketing problem even when there is no previous evidence. This method lets the 
bracketer turn to the user to supply the decision when there is not enough information 
and evidence in favor of right-branching or left-ranching. For instance when the system 
does not find any sufficient amount of evidence to do the nesting task (left-branching or 
right-branching) for the phrase, apple juice cup, the system asks the user for decisions 
in an indirect manner: 
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Question1: In the context of apple juice cup, does apple juice make sense? 

All the questions that the system asks to make decisions for nesting A+B+C are about 
whether A+B make sense or not. As a result, by answering any question, ‘yes’ the 
system provides a confident left-branching, and by giving a ‘no’ the phrase is 
confidently right-branched. 

Thus, Barker’s (1998) techniques and methods to train HAIKU’s bracketer can be used 
manually to analyze more domain dependent and technical corpora with their specific 
sensitivities that should be handled with subtlety. Moreover, there is a good chance for 
the approaches which rely on a variation of finding sub-constituents elsewhere in the 
same corpus to decide on how the longer and ambiguous compounds are structured 
(Lauer 1995) to encounter modifier head pairs in testing which never occurred in 
training (Buckeridge and Sutcliffe 2002). Therefore, by depending on the results from a 
wider frame, i.e. larger corpora, the disambiguation process can be more effective and 
more confident results in left or right branching can be achieved. 

 

3. Methodology 

In this section the principal claim of this study is developed. The questions that this 
research aims answer are: 

1. Are there any syntactic ambiguities in peace agreements? 
2. How can these ambiguities be processed by the readers of the peace agreements? 
3. How can these ambiguities be processed by automatic processors? 
4. Can syntactic ambiguities in peace ambiguities be resolved by the 

comprehenders or computational models? 
 
However, providing an answer to each of the above questions that is true for all the 
existing peace agreements and also all types of syntactic ambiguities may not be 
possible, as a result the number of the peace agreements that can be focused on should 
be limited and the type of the syntactic ambiguity that can be detected in these treaties 
should be determined. To adopt an ambiguous syntactic structure that can be studied 
and detected in the peace agreements one peace agreement was randomly selected from 
the United Nation archive (available on line: https://peacemaker.un.org/document-
search). 
 
This website is an online database providing researchers and professionals with close to 
800 documents that can be understood broadly as peace agreements and related 
material. Users can access the full texts of the agreements in different languages and can 
use different thematic issues and other criteria to search for documents.  

 12 

https://peacemaker.un.org/document-search
https://peacemaker.un.org/document-search


 

3.1 Pilot Study 

Restricting the criteria randomly to Regional conflicts and Transitional Political 
Arrangements, four signed agreement pop up. To carry out a Pilot study one of these 
four texts was chosen to form a small sample corpus of its category: Agreement on the 
Gaza Strip and the Jericho Area (Cairo, May 4, 1994).  

Using a pilot study is a well-known approach in quantitative research, and sometimes 
become necessary when the researcher wishes to be certain about the sufficiency of the 
number of the subjects or the effectiveness of the method, in order to elicit the right 
information. To answer the primary research questions in a scientific study, a pilot study 
may precede the main observation, to correct any problems with the instrumentation or 
other elements in the data collection technique (Hulley et al, 2013).  

As a result of the absence of annotated corpus in this domain, the sample corpus was 
tagged with the CLAWS part of speech (POS) tagger. POS tagging or grammatical 
tagging is the commonest form of corpus annotation. CLAWS (the Constituent 
Likelihood Automatic Word-tagging System) is a POS tagging software for English text 
whose development started in the early 1980s; its latest version, CLAWS 4, was used to 
POS tag about 100 million words of the British National Corpus (BNC). CLAWS has 
achieved 96-97% accuracy and has an error-rate of 1.5%. The developers explain that 
the tagger left about 3.3% ambiguities within the BNC unsolved. As a result, there 
seemed to be a demand for ‘hand-review’ of the tagging result to increase the accuracy 
level of tagging. 
 
The sample sentence ‘The functional jurisdiction encompasses all powers and 
responsibilities as specified in this agreement.’ is tagged by CLAWS and the results 
that it gives are as follow: 

 
Image 1: CLAWS POS tagger results for a sample sentence of 13 words 
Tagset:c7 Output style: vertical 
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Accordingly, a 4380-word text of the peace agreement was tagged. The next stage of the 
pilot examination was finding different types of structural ambiguity in the tagged 
corpus. Stageberg (1958) presents a series of 20 structurally ambiguous situations in his 
paper “Some Structural Ambiguities”. Some of these situations are: adjective + noun + 
noun, modifier (noun or adjective?) + noun, noun + noun + noun, adjective + noun + 
conjunction + noun series of nouns, etc. In the pilot examination, the sample corpus was 
reviewed with the purpose of finding Stageberg’s 20 types of structural ambiguities. 
The results of the pilot study are summarized in table 1: 
 
Table 1: Results from the pilot study 

 Ambiguous Structures Frequency of the 

structure in the 

Sample Corpus 

1 Adjective + noun in possessive case + noun 3 

2 Adjective + noun + noun 23 

3 Modifier (noun or adjective?) + noun 6 

4 More or most + adjective + noun 0 

5 Noun + noun + noun 13 

6 Adjective + series of nouns 2 

7 Noun + series of adjectives 0 

8 Modifier + past participle + noun 0 

9 ing verb + noun  2 

10 Adjective + noun + conjunction + noun 1 

11 Series of words + modifying word or word-group 0 

12 Modifier + subject of sentence 4 

13 Modificand + intervening material + modifier 1 

14 Modificand + modifier + modificand 0 

15 Verb-adverb (phrasal verbs), or verb + preposition? 5 

16 Dual parallel structure 8 

17 Modificand + two modifying word groups 1 

18 Elliptical construction 0 

19 Movable adverbial modifiers 0 

20 Reference of pronouns, relatives, and demonstratives 0 
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According to the results of the pilot investigation, there are a considerable number of 
structural ambiguities (69 in total) in the sample corpus, including 23 (33.33%) 
adjective + noun + noun combinations. Therefore, this structure is selected as the focus 
of the study and was investigated in the main corpus. 
 

3.2 Material 

As mentioned before, when choosing a sample text for carrying out the pilot project, 
four peace agreements appeared after restricting the criteria of the agreements. 
Restricting the criteria enhanced the procedure of finding the agreements that associated 
with the defined issues of limited number of countries which would give the researcher 
the opportunity to obtain a more thorough and comprehensive view of the case. 
Accordingly restricting the criteria to agreements on transitional political arrangements 
and regional conflicts yields these four agreements, all of which interestingly enough 
belong to the current political conflict begun in the early 20th century. The primary 
approach of all these agreements is to promote a so-called "two-state solution" that 
would establish Palestine as an independent state in Gaza and most of the West Bank, 
leaving the rest of the land to Israel.  

Producing and signing these four agreements are some of the major steps that the 
Palestinian and Israeli authorities have taken to solve the conflicts, and these efforts 
were strongly supported at the time by the world leaders, such as representatives of the 
United States and Russia, and the United Nations. These four agreements are: 
Declaration of Principles on Interim Self-Government Arrangements (Oslo I) 
1993, Agreement on the Gaza Strip and the Jericho Area 1994, Israeli-Palestinian 
Interim Agreement on the West Bank and the Gaza Strip (Oslo II) 1997, Protocol 
Concerning the Redeployment in Hebron 1997. The documentation reveals that all four 
agreements were produced in English and later were translated to other languages such 
as Chinese, Arabic and Spanish (official languages of the United Nations) as the 
signatures of the authorities appear only on the English version of these texts. These 
four agreements were first converted to clean and machine readable texts and later were 
put together to form a corpus of about 20000 words.   

To search for the structure in question, adjective + noun + noun ambiguous structures, 
the corpus needs to be annotated. The annotating method that is employed in this 
research is shallow annotation (tagging), as McDonald et al. (1994) assert that 
ambiguity detection/reduction is more effective in the bottom-up manner. This 
procedure mainly requires splitting a running text into manageable components 
(tokenization) and tagging the text.  Attia (2008) explains that this process’s “effect on 
ambiguity is tremendous as they directly influence the number of solutions” to be 
produced. Tagging, or shallow markup, is a technique that has been proved to be 
efficient in managing ambiguity in different languages. One type of shallow markup, 
which is also employed in this research, is POS tagging. Dalrymple (2006) states that in 
the presence of a perfect POS tagger, reduction in ambiguity of about 50% would be 
attained. However, creating a perfect POS tagger needs a perfect parser and perfect 
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world knowledge to be integrated into the system but neither is currently available for 
any language (Attia, 2008). CLAWS, however, is a reliable tool for tagging texts and 
the probable error problem can be resolved by “hand-reviewing”.  

Accordingly CLAWS was used to POS tag the corpus, and later the results were read 
and corrected. In the total of 1940 words (tokens) in the corpus, a total number of five 
types of errors were found.  

1. Proper nouns: for example Strip in Gaza Strip is tagged NN1 (singular noun) instead of 
NP0 (proper noun) or Jericho is tagged NN1 instead of NP0. 

2. Noun or verb: Annex I is tagged VVB NP0 instead of NN1 CRD 
3. Adjective or noun: executive in legislative and executive powers is tagged NN1 instead 

of AJ0 
4. Numbers and proper noun: XIV is tagged NP0 instead of CRD 
5. Proper noun or noun: Redeployment is tagged NP0 instead of NN0 

Along with error correction, the sequences of adjective + noun + noun were detected 
and marked. These combinations were compiled, creating a list of 58 of ambiguous 
structures consisting of adjective + noun + noun. About 42% of these types occur more 
than once in the corpus, resulting in the total number of 142 tokens. The list of the types 
and the number of tokens are summarized in Table 2. 
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Table 2: The list of detected ambiguous adjective + noun + noun combinations and the number of 

their tokens in the created corpus of the four peace agreements  

 Types #tokens  Types #tokens 

1 Additional police stations 4 30 Multilateral peace efforts 1 

2 Agreed security arrangements  3 31 Multilateral working groups 3 

3 Appropriate communication link  1 32 Mutual security matters 2 

4 Civil liaison offices 2 33 Mutual security purposes 1 

5 Civil affairs coordination 2 34 Necessary enforcement measures 1 

6 Civil affairs subcommittees 1 35 Palestinian development bank 2 

7 Economic cooperation committee 1 36 Palestinian electricity authority 1 

8 Economic development program 4 37 Palestinian export promotion 2 

9 Environmental protection plan 1 38 Palestinian-Israeli joint ventures 1 

10 Free trade zone 1 39 Palestinian land authority 1 

11 Further redeployment phases 3 40 Palestinian police force 4 

12 Further transfer protocol  3 41 Permanent status negotiations 5 

13 Interim self-government agreement 1 42 Preparatory transfer agreement 3 

14 Interim self-government arrangement 3 43 Rapid response team 1 

15 Interim self-government authority 2 44 Regional development plans 2 

16 Internal security responsibility 1 45 Regional development program 1 

17 Israeli military forces 21 46 Relevant security provisions 1 

18 Israeli military government 10 47 Regional security committees 1 

19 Israeli military installation 1 48 Social rehabilitation program 1 

20 Israeli security forces 1 49 Special security arrangements 1 

21 Israeli-Palestinian liaison committee 10 50 Special security cases 1 

22 Joint coordination center 1 51 Special security situations 1 

23 Joint district coordination 3 52 Specific review arrangement 2 

24 Joint liaison committee  1 53 Specified military location 5 

25 Joint security activities 1 54 Specified time-frame ending  1 

26 Joint security measures 1 55 Standing cooperation committee 2 

27 Maritime activity zones  1 56 Supportive public atmosphere 1 

28 Military forces redeployment 1 57 Various joint committees  1 

29 Military installation area 7 58 Whole peace process 1 
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3.3 Procedure 

The detected structures were then examined in three stages. The 58 adjective + noun + 
noun combinations were first put through Warren’s test individually and were examined 
structurally to be categorized as structurally ambiguous. Then, to confirm the results 
two native speakers of American and British English were asked to go through the 
combinations and decide whether any of the three combinations A+B, A+C and B+C 
fail to make sense. These individuals are adult users of language with graduate and post-
graduate educational levels and as a result they are expected to have a broad knowledge 
of the (formal) English Language. Both testers were aware of the purpose of the 
research and tested the combinations in isolation, under no time pressure and without 
any external help such as dictionaries or the internet. The evaluation of the native 
speakers results in the rejection of three of the combinations, as they failed at least in 
one of the stages of the test. These combinations are civil affairs coordination, civil 
affairs subcommittees and Palestinian export promotion. In the next stage of the project 
the 55 potentially ambiguous combinations from the list that passed the test successfully 
are processed by a non-native speaker of English.  

In accordance with the nature of the peace agreements and the linguistic background of 
the possible readers and implementers of the peace agreements of the minicorpus (the 
readers are primarily native speakers of Hebrew and Arabic), an Egyptian native 
speaker of Arabic was asked to read the combinations, and define each combination by 
using of or air-quotes while stressing the words in the air-quotes. The combinations 
were listed out of alphabetical order to avoid the effect of the shared vocabulary 
semantic and syntactic relations on comprehension. She was instructed to use of or air 
quotes similar to the example below: 

Apple juice cup: 
A. a cup of apple juice    
B. “ ʹapple juice ” cup  

The reader’s interpretations were recorded by the researcher in the form of left or right-
branching structures (appendix A).  

In the next stage of the project the frequencies of each phrase were recorded in both the 
British National Corpus (BNC) and the Corpus of Contemporary American English 
(COCA). The British National Corpus (BNC) is a 100-million-word collection of 
samples from both written (90%) and spoken language. These samples were collected 
from a wide range of sources, such as newspapers, journals and academic books 
designed to represent a wide cross-section of spoken and written British English from 
the latter part of the 20th century. The latest edition is the BNC XML Edition, released 
in 2007. The BNC is predominantly a corpus of adult, formal and informative language, 
which is similar to the characteristics of the corpus of this research and makes it a 
reliable resource to pursue the goals of this research. The CLAWS POS tagger has been 
employed for tagging this corpus. COCA on the other hand, is the largest freely-
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available corpus of English, and as its developers claim, the only large and 
balanced corpus of American English. These characteristics make COCA one of the 
most widely used corpus of English. This corpus contained more than 520 million 
words of text at the time of the data collection, which made it more than five times 
bigger than the BNC. The BYU software has been used for POS tagging this corpus and 
the manner of text selection has been 20 million words each year from 1990 until 2017. 
COCA is equally divided among spoken, fiction, popular magazines, newspapers, and 
academic texts and has been growing at the same rate (20 million words per year) since 
its first released, however, BNC is static and has not been expanded (100 million 
words). The version of COCA that was queried provided texts up to 2015 as the last 
update of the corpus (20 million words from 2016 and 2017) took place in December 
2017, after the completion of data collection in this project.  

The queries in both corpora can be restricted to written language, which is preferable 
due to the nature of the language in the corpus collected for this research. Moreover the 
frequencies are shown both in raw numbers and also the occurrences of the types per 
million. Since the test results from COCA and the BNC will eventually undergo a 
specific computational process which will be discussed in the next section, the 
occurrences are recorded both in raw frequencies and frequency per million to be 
comparable, due to the differences in the size of the two corpora. For each combination 
seven queries were conducted in each corpus. They are as follows: 

1. A+B+C raw frequency (raw) and frequency per million (fpm)  

2. A+B raw and fpm. 

3. A+C raw and fpm. 

4. B+C raw and fpm. 

5. A raw and fpm. 

6. B raw and fpm. 

7. C raw and fpm. 

In order to achieve reliable numbers, the frequencies of A+B and B+C need to be 
calculated independently from the frequency of A+B+C, since each of the two 
sequences A+B and B+C are present in the bigger combination, A+B+C. As a result, 
the frequency of A+B+C is subtracted from the frequencies of A+B and B+C. Although 
the Dependency algorithm is the main adopted model in this research, which demands a 
comparison between the frequencies of A+B and A+C to obtain the left-branching or 
right-branching nesting patterns, the frequency of B+C is also retrieved for the purpose 
of comparing the two models (adjacency and dependency models). Moreover, the 
frequency of each individual word is collected in order to have a better understanding of 
the results from the two-part combinations. For example, if the frequency of B is 0.66 
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per million in the corpus (i.e. redeployment (NN0) has the frequency of 0.66 per million 
in the BNC), any combinations consisting of this word are not expected to have a 
frequency higher that A’s frequency, which is quite low. Consequently, in the example 
combination A+B+C, if the frequency of B is 0.66 and the frequency of A+B is 0.2, 
comparing to the 0.5 per million frequency of A+C with highly frequent individual 
constituents, the low frequency of A+B is not evidence for right-branching of the 
combination. As a result, the results from the corpus need to be consulted with another 
source of information. Also in the case of zero number of hits for a combination, or 
parallel frequencies the results should be argued considering the result from a third 
source of information, probably a native speaker’s linguistic knowledge. 

 

4. Results  

The results from the adjective + noun + noun combination detection procedure in the 
corpus produced 58 compounds that can all be described as syntactically ambiguous 
based on their structure and consequently may be nested with both right and left 
branching patterns. However these results were matched with the evaluations that were 
carried out by the native speakers. The results show that the native speaker evaluators 
reaffirm the ambiguous structure of 55 of the combinations while they both reject three 
of the combinations claiming that they do not pass the test in at least one of its stages. 
The rejected combinations are as follow: 

civil affairs coordination 
A+C * civil coordination 
B+C  * affairs coordination 

 civil affairs subcommittees 
B+C * affairs subcommittees 

 Palestinian export promotion 
A+C * Palestinian promotion 

Both British and American evaluators agree on the unambiguous nature of the 
combinations above, while the British evaluator mentions that the constituents of the 
civil affairs combination have very strong semantic ties and when they appear in a 
combination, they most often processed as one unit: noun.  

While the two evaluators agree on the unambiguous structures of the three 
combinations, there are a few cases about which they have different opinions: In the 
combination whole peace process (A+B+C), the British native speaker assumed that 
whole peace (A+B) is not a possible phrase, which consequently makes the combination 
a left branching compound, while the American English speaker evaluator asserted that 
whole process (A+C) does not make any sense. In another case, Palestinian 
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development bank the British speaker thought development bank (B+C) is not a possible 
compound, while based on the evaluation of the other evaluator the Palestinian 
development bank combination is structurally ambiguous. On the other hand, the British 
native speaker concluded that Multilateral working groups is ambiguous while the 
American evaluator stated that multilateral working is not a possible compound. 
Accordingly all the three adjective + noun + noun combinations are kept in the list 
based on the fact that their constituents make possible compounds at least in one variety 
of the English language and according to one of the evaluators.  

Moreover, the British evaluator explicitly mentioned that the words joint and military 
when placed in the middle positions in the combinations are adjectives rather than 
nouns. These two words that syntactically may both be nouns or adjectives in different 
contexts, were tagged as nouns (NN1) by CLAWS POS tagger when they appeared in 
the phrases Palestinian-Israeli joint ventures and Israeli military government. However, 
the results from the native speakers’ evaluation and part of the data collected from the 
corpus-based study demonstrate different results. In fact the results from COCA, the 
BNC and the non-native speaker’s paraphrasing agree that the combinations that their 
second constituents in joint, are right branching. However, for the word military, BNC 
shows different branching results from COCA and the non-native speaker’s analysis: 
The results show that 3 out 4 of the combinations that military is in the middle position 
are left-branching, while according to the results from the non-native speaker and 
COCA they are all right-branching structures. The evaluations show that the rest of the 
combinations from the list, 55 combinations, are potentially structurally ambiguous 
combinations and accordingly they are expected to be comprehended and processed 
differently as their nesting patterns can be both right-branching and left-branching. 

As the next stage of the project demonstrates, the reader’s interpretations of the 55 
combinations in fact implied that she comprehended only about 20% of the 
combinations as a right-branching structure and the rest of the combinations, about 
80%, as a left-branching structure. Interestingly, the reader resolved 100% of the 
ambiguous combinations unconsciously at a rather fast speed (the testing time was less 
than 10 minutes for 55 combinations). Among the combinations that the non-native 
speaker of English has comprehended as a right-branching structure (11 combinations) 
6 of the combinations stand out, as they have the words military or joint in their middle 
positions. These results may support the native British evaluator’s claim about these 
words’ POS. Moreover it can be observed from the results that the combinations that 
have more than two shared words placed in the same position, the non-native speaker 
comprehended these combinations with the same structure: 

 

 

 

Interim self-government agreement Left-branching 

Interim self-government arrangement Left-branching 

Interim self-government authority Left-branching 
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Israeli military forces Right-branching 

Israeli military government Right-branching 

Israeli military installation Right-branching 

 

Joint security activities Left-branching 

Joint security measures Left-branching 

 

Mutual security matters Left-branching 

Mutual security purposes Left-branching 

 

Regional development plans Left-branching 

Regional development program Left-branching 

 

Special security arrangements Left-branching 

Special security cases  Left-branching 

Special security situations Left-branching 

 

The results from the non-native speaker’s comprehensions are discussed in the next 
section and are summarized in Appendix A. 

The queries that were carried out in the last stage of the project are of seven different 
types, all of which operate in both the BNC and COCA: raw and normalized 
frequencies of A+B, A+C, B+C, A+B+C, A, B, C. The differences between the 
normalized frequencies of the same queries in the two corpora highlight the differences 
and similarities between the BNC and COCA. In COCA 12 A+B queries yield 0 results 
per million while the BNC gives this result for 17 A+B combinations. For A+C and 
B+C also, the difference is considerable, as for the former combination, COCA yields 0 
frequencies for 16 queries, and the BNC shows zero occurrences for 20 queries. For 
B+C the gap becomes wider, as the numbers are 7 examples in COCA and 14 examples 
in the BNC that yield 0 occurrences of the combinations. The numbers in this stage are 
used to nest combinations; however, these frequencies (raw and normalized) are 
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insufficient for carrying out the nesting task, as there are more factors that should be 
considered while nesting these combinations, which will be discussed in the following 
section, since the model and the formula that were employed to resolve the ambiguity 
problem need to be discussed and justified. 

 

5. Discussion 

Taking the results from the corpus queries and comparing them to the data collected 
from the native speakers and the non-native speaker’s evaluations of the adjective + 
noun + noun combinations demonstrates the contrast in the characteristics of 
computational language analysis and human language processing. Let’s first look back 
at the main research hypothesis, whose scope was defined in the previous section: There 
are a number of syntactically ambiguous combinations of adjective + noun + noun in 
the four peace agreements that were signed by the authorities of the Israeli State and 
Palestine Liberation Organization (PLO) from 1993 to 1997, to resolve their political 
conflicts to some extent. The authorities’ signatures on the English versions of these 
texts demonstrate the legal value of these texts and authorize them as legally binding 
and consequently their most important readers and implementers are predefined. Based 
on their legal value these texts are expected to be read and be the source of debate of 
lawyers and politicians from at least the two sides of the conflict and other stakeholders 
(e.g. the United States of America, Russia, Arab countries, Iran, the United Nations), 
political activists, scholars and researchers of International Relations and Political 
Sciences, translators and also ordinary citizens, as the agreements directly affect the 
Israeli and Palestinians, because the conflict began as both nations claimed sovereignty 
over the same land. Consequently the research results should be analyzed and discussed 
based on these viewpoints; those involved are legal experts and politicians, the public 
(who are mainly non-native users of the language), and finally, translators and 
researchers who use automatic language processing, i.e. parsers, to evaluate and 
interpret these texts. This section is divided into three main sections: Possibility of 
Ambiguity, Ambiguity and Comprehension, and Ambiguity and Automatic Language 
Processing. 

 

5.1 Possibility of Ambiguity 

Warren (1978) proposes that adjective + noun + noun combination can potentially be an 
ambiguous structure when the syntactic and semantic relationship between the 
constituents are strong enough to make them as dynamic as to be used separately in 
other contexts. In other words, the A (adjective) + B (noun) + C (noun) combination is 
ambiguous when A+B, A+C and B+C are possible compounds and syntactically make 
sense. Combinations with this formula may be nested with both right-branching and 
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left-branching structures. In the procedure of detecting the ambiguous sequences of 
adjective-noun-noun, some sequences may automatically be rejected due to the lack of 
sematic ties between the constituents or extreme cases of disproportionate semantic ties 
of compounds within the combinations. For example, populated refugee camps 
(A+B+C), refugee (B) and camps (C) have tight semantic ties compared to the phrase 
populated refugee (A+B), which is syntactically and semantically not a possible 
combination. In another adjective-noun-noun sequence from the corpus, public order 
incidents (A+B+C), public order (A+B) and public incidents (A+C) are fairly strong 
collocations while the compound order incidents (B+C) does not make sense.  

Furthermore, nesting may not be necessary, as the ambiguity has already been resolved 
in the orthographic indication of established compounds, for example by writing the two 
constituents as one word, such as safeguarding from the compound safeguarding 
purposes, which does not fall into the category of ambiguous combinations, since the 
adjective (safe) and noun (guarding) are orthographically represented as one noun. The 
representation of the constituents may also be as two of them joined by a hyphen, as in 
the combination specific crossing-point, where the nouns are joined to make a single 
noun. The results from adjective + noun + noun detection were matched with results 
from the native speakers’ evaluation of the combinations and concluded in a list of 55 
potentially ambiguous combinations; however, as mentioned in the Results sections 
there are a few cases in which the two native speakers do not agree on their structure 
(e.g. whole peace process, Palestinian development bank). The differences in the 
assumptions of the evaluators can be attributed to different factors such as their dialects, 
and their linguistic and personal backgrounds. 

According to Hulstijn (2015) all native speakers have two complementary forms of 
language proficiency: Basic Language Cognition (BLC), which is restricted to frequent 
lexical items and grammatical structures that may occur in any communicative situation, 
and also High (Extended) Language Cognition (HLC), which refers to the native 
speaker’s linguistic knowledge of low-frequency lexical items and uncommon syntactic 
structures or lexically and grammatically complex forms. The latter pertains to topics 
other than simple every-day matters and as a result is limited to the speakers’ area of 
expertise, education and interests. In fact the Basic Language Cognition capacity is 
limited to a small range of elements such as words, constructions and expressions that 
occur extremely frequently, while there is a large majority of elements that occur 
infrequently and are context bound. Hulstijn (2015) also argues that the native speakers’ 
Extended Language Cognition potentials are diverse and it is not always possible to 
determine what is shared by native speakers’ linguistic knowledge and what is not. This 
infrequency of more complex terminology can be attributed to Zipf’s law, which 
suggests that given a large number of words used in the corpus, the frequency of any 
word is inversely proportional to its rank in the frequency table and in fact only 
minority of words occur frequently and make up a large part of the corpus, while the 
majority of lexical elements occur infrequently (Zipf, 1935).  
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5.2 Ambiguity and Comprehension 

 
Ambiguity and its resolution is a controversial topic in the area of psycholinguistics and 
cognitive science. It has been addressed by different researchers (e.g. Erickson & 
Mattson, 1981; Greene et al, 1992; Levine et al, 2000; Ferreira et al, 2001; Christianson 
et al, 2001; Ferreira, 2003; Klin et al 2006; Christianson et al, 2006; Stewart et al, 2007; 
Swets et al, 2008, Karimi & Ferreira, 2016) from different perspectives. However, all 
these researchers arrive at the common conclusion that the challenge of ambiguity, 
whether on an intra-sentential or inter-sentential level or structural, syntactical, cross-
textual or the like, can affect comprehenders’ processing performances.  

Studies that were conducted by Ferreira et al (2001 & 2009) specifically show that in 
the case of linguistic complexity (i.e. structural, lexical or other types of ambiguity, 
garden path sentences etc.) the representations resulting from the readers’ / listeners’ 
language processing can be imprecise and sketchy, which contrasts with the view of 
classic cognitive scientists, who claimed that the representations formed along language 
processing stages are precise, detailed and accurate (Karimi and Ferreira, 2016). 
Moreover Ferreira et al (2009) suggest that in difficult linguistic cases the representation 
resulting from language processing is merely “good enough” to provide an 
interpretation that satisfied the comprehender, and the comprehender’s comprehension 
is not necessarily detailed enough to distinguish the critical differences between 
different interpretations and the intended meaning (Ferreira et al, 2009). This evidence, 
along with the results from Levine et al’s (2000) research on the correlation between the 
comprehension of inter-sentential ambiguity and the adjacency level of disambiguating 
elements, shows that adjacent units are more likely to be comprehended together as 
units or related units and this fact may lead the comprehender to an incorrect or partial 
comprehension.  

As already mentioned at the beginning of this section, the four peace agreements that 
are examined in this research have been and still are the subject of debate within several 
communities, such as translators, scientists and researchers, politicians and the military 
from both sides of the conflict as well as the stakeholders (e.g. the United States, 
Russia, Arab countries, Iran, United Nations, etc.), and also the public who are directly 
affected by the terms of these contracts. As a result, the problem of ambiguity effects 
goes beyond the realizations made by the authorities of the states and is extended to the 
interpretations made by members of political groups and organizations, as well as by 
persons at the social and personal level. Yet, how these parties may be beneficiaries 
from these accords and how the ambiguities in the agreements may affect their relations 
and lives or even if there have been any intentions behind the use of these ambiguities, 
are not the issue of this research. Instead, its concern is what types of language users 
these people are, how the potentially ambiguous structures may affect the interpretations 
of these readers and what potential elements may affect their comprehension of the 
structurally ambiguous terms present in the agreements.  
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At the outset of the twenty-first century the English language has become the lingua 
franca or world language for different aspects of human lives, from simple daily 
communications to complex foreign affairs. In fact its dominance as a means of 
communication in the area of International Relations has been growing since the 
beginning of the twentieth century (i.e. the language used in the Congress of Vienna 
(1815) was French alone, the languages of the Versailles Peace Treaty (1919) were 
French and English, the languages of the League of Nations were English and French, 
and English is also now the major official language of many governmental and non-
governmental organizations as well as the United Nations and the International Court of 
Justice, which has 15 judges from any of the 193 member states of the United Nations). 
Accordingly it is not unusual to see a multilateral treaty like a peace agreement being 
originally produced and signed in English, as it is a highly effective medium of 
exchange, especially in cases when the two opposing sides have different mother 
tongues. Specifically, in the case of the Israeli-Palestinian conflicts, since each side of 
the conflict’s nationhood is not explicitly recognized by the other, they reject each 
other’s language (i.e. Hebrew and Arabic) as a symbol of denying the other people's 
political legitimacy and historic authenticity (Kelman, 2007a, 2007b). Relative to their 
linguistic competence in English, both of these nations are placed in the third circle of 
Kachru’s model3, meaning that the speakers use non-native varieties of English for 
communications but the proficiency of English among users in these communities is not 
as widespread as in Singapore or India (Kachru, 2006). Accordingly, their level of 
comprehension may also vary according to their language proficiency and linguistic 
background. 

A comparative study on conciliation vocabularies shows that concepts that seem to be 
self-evident to a native speaker may weigh differently in other languages or not exist at 
all (Cohen, 2001). Moreover, cross-cultural differences in the depiction of reality are 
also significant, as the picture of the world in one group’s language might take a 
different shape when it is transferred in another language. In the case of peace 
agreements and many other types of treaties, when paradigms of conflict resolutions 
clash, these conceptual and technical contradictions are addressed, either to be 
overcome or to be a reason to raise a new conflict.  Cohen (2001) notes that across 
languages, functionally equivalent words may depict variant versions of a reality which 
is more applicable to ideas and social constructs (peace, democracy, harmony) rather 
than to simple universal objects (chair, sky, eye), each variant version being rooted in a 
certain cultural ground. When the non-native reader reads them or when the translator 
transfers such concepts, their essence may be “lost in translation.”  

3 The most influential model of the spread of English is Braj Kachru's model of World Englishes. In 
this model the diffusion of English is captured in terms of three Concentric Circles of the language: 
The Inner Circle (speakers of English as their native language), Outer Circle (where English is not 
the native tongue, but serves as a useful lingua franca between ethnic and language groups), and the 
Expanding Circle (countries where English plays no historical or governmental role) (Kachru, 
2006). 

 26 

                                                      

https://en.wikipedia.org/wiki/Braj_Kachru
https://en.wikipedia.org/wiki/Lingua_franca
https://en.wikipedia.org/wiki/Ethnic


 

The results from the last stage of the research procedure here agree with Cohen’s (2001) 
findings. When a non-native speaker of Arabic was asked to read the potentially 
ambiguous combinations that were extracted from the corpus, it was observable that the 
reader’s linguistic proficiency in English, along with her linguistic background in her 
first language (L1), was affecting her comprehension of the combinations in English in 
a certain direction. For example the word process (which elicits a patterned series of 
events with its hint of continuity and progress), in the phrase peace process (which 
refers to many attempts to resolve the disagreements and armed conflicts) is understood 
in Arabic as the term ‘عملیھ السالم – Amaliyat al-Salam’. On the other hand, the word 
‘Amaliayat’, which is the Arabic translation for process, is associated with the concept 
of work and action and lacks the connotation of steady progress or continuing effort. In 
other words, ‘Amaliyat’ implies an action and product rather than a movement. 
Considering this fact the term whole peace process is not probable to be perceived as 
the whole string of actions that the two sides of the conflict take part in to achieve 
peace. Rather as the conceptual statuses of the constituents of this term show, this term 
is more likely to be perceived as the action to maintain complete peace ‘ عملیھ السالم
 .which in its syntactic representation is right-branching ,’الکاملھ

In accord with this argument, the results show that the non-native reader drew on her 
linguistic background knowledge to primarily relate the visual representations of the 
words to the conceptual elements that she has acquired from her L1 and then paraphrase 
them in English. For example the reader used the term Palestinian land from the 
combination Palestinian land authority as the premodifier for authority which may be 
rooted in the reader’s native language Extended Language Cognition capacity. In fact, 
‘Palestinian Land’ and in general ‘Palestinian + noun’ are among the key terms that are 
frequently used in the context of the Palestinian liberation movement as a sign of claim 
for possession of certain properties. Moreover, the term Palestinian Land has become 
more widely used by politicians and broadcasters, instead of the term Occupied 
Territories. As a result the potentially ambiguous term from the corpus, Palestinian 
land authority, which may both refer to a land authority which is “specifically” 
Palestinian or the authority of the Palestinian land, is perceived as the latter form of 
interpretation by the Arab non-native speaker of English (left-branching). By the same 
token, the terms, Palestinian electricity authority, Palestinian Police force, and 
Palestinian development bank were also interpreted by the reader as a left-branching 
structure. Similarly, it is also expected that Israeli readers of these agreements with their 
Hebrew linguistic background will use their pre-acquired knowledge of language and 
semantic and syntactic relations of the words to comprehend these specific terms. 

Another aspect of the linguistic background of the readers that should be considered is 
the forms that these combinations may take in Arabic and Hebrew and if there are 
similar structures in these two languages and if there are, what type of nesting pattern 
are adopted for them. As Attia (2008) notes, most aspects of the ambiguity problem in 
Arabic are shared among human languages. However, in the case of noun phrases there 
are clear rules regarding the relations between the nouns and the adjective. For example, 
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in the following Arabic noun phrase, the adjective التمھیدی (al-tamhidi: preparatory) 
specifically and only restricts the noun adjacent to it: النقل.  

 اتفاق النقل التمھیدی
aitefaq (n) al-naql (n) al-tamhidi (adj) 
agreement transfer preparatory 
‘agreement of preparatory transfer’ or ‘[preparatory transfer] agreement’ 

In Arabic, the first noun in the noun phrase is always the head noun and the adjective or 
noun that modifies the head noun is placed directly after it. Accordingly, unlike the 
English syntactic rules for noun phrases, the adjective can be placed in the middle 
position to modify the first (head noun) noun as it does in the following example: 

النقل اتفاق التمھیدی  
aitefaq (n) al-tamhidi (adj) al-naql (n) 
agreement preparatory transfer 
‘preparatory agreement of transfer’ or ‘preparatory [transfer agreement]’ 
 
As observable in the nesting results that were drawn from the non-native speaker’s 
comprehension results, the syntactic knowledge of her first language, Arabic, may have 
been a reason for the reader to comprehend 80% of the combinations as left-branching 
structures: the adjective modifies the noun that is adjacent to it. On the other hand, there 
are the readers of these agreements with Hebrew as their first language, whose syntactic 
rules may also affect the Israeli readers’ comprehension of the combinations to a similar 
extent. Moreover, the similar comprehension patterns of the combinations that share the 
adjective and first noun, suggest that these specific adjective + noun combinations 
behave as syntactic constructions and as a result may affect the comprehension patterns 
when they appear in further combinations. However this issue is suggested to be 
investigated in further research.   

The results also show that the nesting patterns that were developed by the non-native 
reader agree with Ferreira at al’s (2009) Good Enough model of cognition, suggesting 
that in the comprehension process of adjective + noun +noun combinations, adjacent 
units are more likely to be comprehended together even though this representation 
resulting from language processing is only “good enough” to provide an interpretation 
that satisfies the comprehender but not detailed enough to distinguish the critical 
differences between possible different interpretations. Moreover, as mentioned in the 
Results section, the reader resolved 100% of the ambiguous combinations 
unconsciously at a rather fast speed which may reflect the fact that the reader had little 
doubt about the meaning of the phrases or the relation between the words. This aspect 
also agrees with the Good Enough model, as the reader provides herself with a 
representation that is only good enough but not necessarily intended and relevant (e.g. 
the Moses Illusion).  
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Furthermore, the left-branching majority of the combinations also reveal that, similar to 
what the Good Enough model suggests, most often the adjacent words on the left were 
comprehended as units modifying their following head nouns. Moreover when the 
reader air-quoted a number of terms, it was obvious that she was processing the 
combinations according to the Adjacency model, rather than the Dependency model; 
comparing the combinations A+B to B+C (Adjacency model) rather than comparing 
A+B to A+C, which also agrees with the results from Ferreira et al’s (2009) research on 
the Good Enough model and the effect of the adjacency level of the inter-sentential 
constituents on comprehension. 

Degani et al (2016: 291) argue that “to the extent that ambiguity in the source language 
drives translation ambiguity, we would expect a high degree of correspondence in the 
number of translations that an English word receives in different languages”. However, 
previous research (Degani et al 2016) reveals that the effects of the linguistic 
background of the nonnative speakers on their interpretation of the ambiguous 
combinations may go beyond the lexical scale and the speakers also draw also on the 
semantic information. In fact heuristic and algorithmic processes are simultaneously 
active during comprehension, which means that heuristic processing draws on semantic 
information and algorithmic processing on syntactic information. As Lim and 
Christianson (2013) argue, non-native speakers rely more heavily on semantic 
information (plausibility) than native speakers do during early stages of sentence 
processing. As Kelman (2007) explains, syntactic and semantic information are both 
available and are assumed to be used in parallel by native and non-native speakers; 
however, the good-enough representations arise because the outputs of these two routes 
are not successfully integrated (Karimi and Ferreira, 2016) 

Although the results from the non-native speaker’s test show that she solved the 
ambiguity problem by disambiguating the combinations instantly and unconsciously in 
a certain direction through the Good Enough model, it is not deniable that these terms 
are still potentially open to at least two different interpretations. As a result, their 
impreciseness may give various parties the chance to make these combinations the 
subject of misinterpretation and even abuse, which may lead to disruption of the peace 
process.  

 

5.3 Ambiguity and Semi-Automatic Language Processing  

Most often, the texts’ genre that is examined in this research is the subject of focus for 
specific readers such as the ones who were mentioned in the previous section (e.g. 
politicians, lawyers, etc.), due to their legal value and the critical role they have in 
resolving certain conflicts. Accordingly they are probably more often the subject of 
human’s comprehension system than automatic parsing. However parsing and 
automatic language processing based on statistical results may come to assist a human’s 
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comprehension system when it cannot independently find a solution to a problem in 
complex linguistic cases. Although having language-based prerequisites (e.g. linguistic 
background knowledge and the linguistic knowledge of one’s mother tongue) may assist 
the comprehension system in one reader to find some way around these difficulties, this 
agency may not be shared among all readers and is not guaranteed in all conditions. 
Consequently, using automatic techniques increases the efficiency of the process and 
strengthens the results. Previous research shows the extent to which the results of 
translation can be positively affected by automatic language processors (i.e. parsers) 
(Och & Ney, 2002; Brown et al, 1993). 

The semantic interpretation of adjective + noun + noun combinations primarily 
concerns the detection and semantic classification of the relations between the 
constituents. However, this task might be difficult to carry out due to the implicitness of 
the semantic relations between the constituents and also the possibility of varying forms 
of semantic relations between the constituents. This problem may also result in context-
dependent interpretation. Accordingly, statistical methods that primarily rely on the 
existence of previous seen compounds and phrases were designed to enhance the 
disambiguating task of compounds. One such method that has been discussed in the 
literature and has yielded quite impressive results is the Dependency model, which has 
been used in various research projects (e.g. Lauer, 1995; Barker, 1998) to disambiguate 
both noun compounds and adjective + noun + noun sequences. This research has 
adopted a similar method to disambiguate the adjective + noun + noun combinations of 
the research’s corpus; however there are some specific details that were added to the 
computation models (MI3). 

Even though using the Dependency model gives a better understanding of nesting 
techniques, the stage in which the frequencies of the phrases that are built by the 
combination of the constituents of original adjective + noun + noun are compared 
should be looked at with considerations beyond only raw numbers of frequencies and 
occurrences of phrases in the corpora. As mentioned before in the methodology section, 
the adjective + noun + noun combinations (A+B+C) are primarily broken into their 
constituents, A, B and C, and then the frequencies of the combination of their 
constituents, A+B and A+C are searched for (Dependency model) both in COCA and 
the BNC in parallel. The answers to the queries are compared in order to make a 
decision in favor of left-branching the combinations or right-branching them 
(disambiguating the combinations). However the raw or normalized frequency numbers 
of the constituent pairs do not necessarily define the strength of the combination of 
constituent pairs or the semantic ties within them. In fact another factor, other than 
semantic ties between the two constituents, exists that constrains the frequency of such 
sequences (A+B and A+C) in the corpora, and that is the frequency of the constituents 
as single units in the corpora. Accordingly, the strength of the semantic ties between the 
constituents should be defined according to both of these factors, relative to the 
frequency of its single constituent units and also the frequency of the sequences. For 
example in the combination whole peace process the semantic tie between the adjective 

 30 



 

whole and the noun peace can scarcely be defined by the frequency of occurrence peace 
process in the corpora but rather by this number relative to the frequency of the 
occurrences of the words whole and peace separately. Accordingly, the strength of A+B 
and A+C should be measured before they can be compared. 

Collocations are groups of two (or more) words which are to be found adjacent to each 
other more often than being randomly placed. These two words may or may not be 
direct neighbors and the meaning of their combination may or may not be determined 
by the meaning of its constituents (Kilgarriff, 1992). Different formulas and techniques 
have tried to define the strength of the ties between the words in collocations (the node 
and its collocate) such as Mutual Information, Z-score, Log-log, etc. However, each 
method focuses on a certain aspect of the ties between the node and the collocate. Oakes 
(1998) on the other hand suggested the MI3 (Cubic Mutual Information) formula, which 
gives enough weight to both rare and frequent events. His formula is as follows:  

Log 2 ((Fn, c) 
3 N / Fn Fc S) 

When:  

Fn, c  is the frequency of the co-occurrence of node (n) and the collocation (c) 

N is the total number of words in the corpus 

Fn is the number of occurrences of the node (n) individually 

Fc is the number of occurrences of the collocation (c) individually 

S is the span or the number of items on either side of the node 

Since all the extracted combinations are three-parted (adjective – noun – noun) the span 
will always be 2, as there will be two units on either side of the node word in all cases. 
Moreover, based on the written corpus sizes, N is 434,000,000 for COCA and 
90,000,000 for the BNC. Accordingly, more appropriate measurements for comparison 
are attained.  

The comparison between the strength of A+B and A+C can signify the left-branching or 
right-branching structures of the combinations. Since COCA is larger in size than the 
BNC, the results from this corpus are the main source of branching and in the cases 
where the results do not signify left or right branching, the results from the BNC are 
there to consult with. Since both corpora are standard corpora of the natural use of 
English, the left-branching and right-branching are expected to be quite similar, 
although some exceptions, are possible due to the difference in the size and nature of 
these two corpora. In fact, the BNC only covers the British English of the late twentieth 
century and was collected between 1991 and 1994 while COCA’s sample texts are 
collected between 1990 and 2017, twenty million words each year (the data has been 
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collected from 2015 version of COCA, which signifies that the BNC is stable at 100 
million words while COCA continues to grow). The effects of the size of the corpora on 
the results are observable, as there are eight combinations that cannot be nested based 
on the collocational strength results drawn from the BNC (its queries show 0), yet they 
can be branched based on COCA results. Only one of the combinations from the 
agreements corpus, Israeli-Palestinian joint venture, could not be nested according to 
the attained results from COCA. Unfortunately, the results from the BNC for that item 
did not provide any evidence in favor of right or left branching either.  

As mentioned earlier, variation between the results of COCA and the BNC is not 
impossible since these two corpora differ in various ways. The variation in the results 
from the BNC and COCA in this combination can be linked to dialect differences, text 
types, data collection times, etc. Since COCA is equally divided between fiction, 
popular magazines, newspapers, and academic texts, it is not unexpected that the 
frequency of some technical terms against the frequency of less technical ones should 
be low (e.g. the frequency of the word redeployment is 0.34 per million while the 
frequency of the less technical noun program is 262.33 per million) which also agrees 
with Zipf’s law (appendix D). On the other hand, the BNC consists of extracts from 
regional and national newspapers, specialist periodicals and journals, academic books 
and popular fiction, published and unpublished letters and memoranda, school and 
university essays. Although the exact portions of these types are not explicitly 
mentioned, it seems that a major part of this corpus is dominated by technical and 
formal texts, and as a result the frequency of some technical words are higher in the 
BNC than in COCA (e.g. the frequency of the noun redeployment in the BNC is 0.66 
while the frequency of the noun programme in the BNC is 193.52 per million) 
(appendix E); however, such variations do not affect the results to a large extent. It is 
observable that about 62% of the nesting patterns based on the result from BNC are 
similar to the results from COCA while the BNC cannot provide an answer to the 
branching problem for more than 16% of the combinations based on the Dependency 
model (appendixes B and C).  

There is, however, one combination that cannot be nested either by using the results 
from either COCA or the BNC. In this situation, instead of consulting with the user (as 
Barker’s (1998) HAIKU does) the system consults with the frequency of the 
occurrences of B+C in the corpus. As argued before, based on the Good Enough model, 
the cognition system of the readers tends to look for semantic ties between the words 
that are adjacent to each other. As a result, it is not expected of the reader to process the 
combinations according to the Dependency model (comparing the strength of the ties in 
A+B and A+C). Instead, the comprehension system analyzes the combination of every 
node with its adjacent neighbor (i.e. A+B and B+C, as in the Adjacency model). 
Accordingly, with this technique, and by looking at B+C collocational ties, which is 
similar to the model that the comprehension system operates upon, the problem of 
disambiguating may be resolved to some extent. Thus, the unbranched combination 
Palestinian – Israeli joint ventures can be nested according to this alternative solution 
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as a right branching structure, since in the absence of any examples for Palestinian – 
Israeli joint (A+B) and Palestinian – Israeli ventures (A+C), the collocational strength 
of joint ventures (B+C) is 33 in COCA (an evidence for right-branching based on the 
Adjacency model), which is also confirmed by the results from the BNC (its 
collocational strength there is 31.46).  

In queries from both the BNC and COCA, the evidence suggests that the combinations 
including joint in their middle positions were right-branching, which is an indication 
that confirms the statement of the British evaluator about this word’s POS in the middle 
position. Accordingly this claim is further tested by comparing the collocational 
strength of B+C, B being POS tagged as an adjective and then as a noun in the queries. 
In fact the results confirm this hypothesis, as the strength of B+C with B tagged as an 
adjective is higher than the collocational strength of the noun-noun compound. For 
example, in the combination various joint committees the strength of B+C with B being 
tagged as an adjective was 25.24 in COCA and 17.24 in the BNC while as a noun B+C 
has 0 frequency in both of these corpora. Therefore, it can be concluded that these 
combinations are not ambiguous and do not demand branching (bracketing / 
disambiguating) for the purpose of comprehension. However, the evaluator’s claim 
about the word military POS in the middle position can be rejected, or at least 
questioned, as 3 out of 4 of the combinations in which military is in the middle position 
are right-branching in COCA, although the result is the opposite in the BNC (3 out of 4 
combinations are left-branching according to the results in the BNC). This difference 
may be traced to dialect features and the natures of these two corpora, as previously 
discussed in the subsection. 

Testing the collocational strength of the 55 combinations primarily according to the 
Dependency model (comparing the collocational strength of A+B and A+C: when the 
frequency of A+B is higher than the frequency of A+C the combination is left-
branching and when it is lower the combination is right-branching), and in the situation 
when there is a lack of sufficient evidence for it, according to the Adjacency model 
(investigating the collocational strength of B+C), the syntactic ambiguities in the 
combinations are resolved. The nesting results show that only about 45% of the 
combinations are left-branching (Appendix B & C), thus they reject the bias for left-
branching (Lauer & Dras, 1994; Resnik, 1993; Ter Stal, 1996) and suggest that the 
predominance of left-branching adjective + noun + noun combinations is not universal. 
Moreover the results from the computational model do not support any significant 
patterns between certain adjectives (adjective types) and nesting patterns, however it 
can be the result of the limited size of the minicorpus under study.  

 

6. Conclusion and Solution 

My approach to the ambiguity in peace agreements is novel in several ways. This issue 
is examined from a linguistic point of view on both levels: cognition and 
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comprehension levels. Syntactic ambiguity in texts may be tackled in different ways; 
however, the aims for which these texts have been produced and the language 
proficiency and linguistic background of the readers play a major role in how the 
readers tackle the ambiguity problem. Agreeing with Warren’s (1978) evaluation 
method as to the level of ambiguity of adjective + noun +noun combinations, this study 
argues that such sequences can take two branching patterns derived from the syntactic 
features of their constituents. As a result such combinations are expected to cause 
difficulty for the processing of peace agreements, even as it is apparent how critical and 
effective these legal texts are to the well-being of nations and any kind of linguistic 
difficulty may cause catastrophic miscomprehension.  

The results from different stages of this research discussed above suggest, however, that 
the ambiguous structures may be resolved by two models, one based on computational 
and statistical models and the other through a comprehension system. A mapping 
between the algorithms that the comprehension system employs and the ones that the 
suggested computational model adopts to process language and resolve syntactic 
difficulties shows that the methods that two systems employ to disambiguate the 
specific syntactic ambiguities of this study, adjective + noun + noun, are different but 
can be complementary to one another. While the study argues that the comprehension 
system of a reader of these texts who comes from a specific background may be 
distorted because of certain effects of their linguistic knowledge of their mother tongue, 
the results also make the comprehension pattern of the combination comparable to the 
Good Enough model, suggesting that the reader may not disambiguate the combination 
in a detailed manner, yet one good enough for the comprehension system.  

Nevertheless, this paper is not concerned with the reasons or even possibility of 
intentions behind the appearance of ambiguous structures in peace agreements and 
treaties in general. Rather, the goal of this research was detecting the problem, the 
potential effects and limitations that this problem can cause for language processing and 
also the resolution of the problem through computational techniques. Therefore, it may 
seem ambitious yet relevant to suggest a solution and a technique to avoid such 
syntactic and semantic difficulties in texts to help language processing systems perform 
easily. As Warren (1978) suggests, some adjective + noun + noun combinations do not 
necessarily require nesting, as two of their constituents are joined through a form of 
orthographical representation, and not merely semantic ties. An effective form of such 
indications is joining two of the adjacent words in the combination, either the adjective 
with its preceding noun, or the two nouns of the compound with a hyphen, to mark the 
semantic relation between the words. For instance if the producer of a peace agreement 
or a text in general intends the further transfer protocol combination to be left 
branching, it should orthographically be indicated as a further-transfer protocol and if it 
is meant to be right-branching it may be indicated as a further transfer-protocol. This 
technique creates compound tokens, thus making language processing simpler and the 
result closer to what was intended. Yet finding a perfect solution is more intricate than 
such a brief discussion can do justice to, and requires further research. 
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Appendix A 

The table of adjective + noun + noun combinations that were extracted from the created 
corpus and being nested with left or right branching structures according to the non-
native speaker’s paraphrasing and air quoting 

Combination Left branching 
Right 
Branching 

Additional police stations 0 1 
Agreed security arrangements  0 1 
Appropriate communication link  0 1 
Civil liaison offices 1 0 
Economic cooperation committee 1 0 
Economic development program 1 0 
Environmental protection plan 1 0 
Free trade zone 1 0 
Further redeployment phases 1 0 
Further transfer protocol  1 0 
Interim self-government agreement 1 0 
Interim self-government arrangement 1 0 
Interim self-government authority 1 0 
Internal security responsibility 1 0 
Israeli military forces 0 1 
Israeli military government 0 1 
Israeli military installation 0 1 
Israeli security forces 0 1 
Israeli-Palestinian liaison committee 1 0 
Joint coordination center  1 0 
Joint district coordination 1 0 
Joint liaison committee  1 0 
Joint security activities 1 0 
Joint security measures  1 0 
Maritime activity zones 1 0 
Military forces redeployment 1 0 
Military installation area  1 0 
Multilateral peace efforts 0 1 
Multilateral working groups 0 1 
Mutual security matters 1 0 
Mutual security purposes 1 0 
Necessary enforcement measures 1 0 
Palestinian development bank 1 0 
Palestinian-Israeli joint ventures 0 1 
Palestinian Electricity authority 1 0 
Palestinian land authority 1 0 
Palestinian police force 1 0 
Permanent status negotiations 1 0 
Preparatory transfer agreement 1 0 
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Rapid response team 1 0 
Regional development plans 1 0 
Regional development program 1 0 
Regional security committees  1 0 
Relevant security provisions 1 0 
Social rehabilitation program 1 0 
Special security arrangements 1 0 
Special security cases 1 0 
Special security situations 1 0 
Specific review arrangement 1 0 
Specified military location 1 0 
Specified time-frame ending  0 1 
Standing cooperation committee 1 0 
Supportive public atmosphere 1 0 
Various joint committees  0 1 
Whole peace process 1 0 

A zero (0) signifies that the combination does not fall into that category while a one (1) 
signifies that it does. 
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Appendix B 
 
The table of adjective + noun + noun combinations that were extracted from the created 
corpus with the calculated MI3 collocational strength of the combination of their 
constituents according to the frequencies that were collected from COCA 

Nesting Combination Str A+B Str A+C Str B+C 
L Additional police stations 11.3574975 3.22519665 21.2878814 
R Agreed security arrangements  -1.26612659 7.08246098 20.335826 
L Appropriate communication link  9.28457878 5.34802316 12.0208475 
R Civil liaison offices #NUM! 2.9505384 13.1255821 
L Economic cooperation committee 26.0078466 14.8573354 5.39819538 
L Economic development program 30.9416825 18.9068371 22.307417 
L Environmental protection plan 33.2163021 3.27820219 14.603941 
L Free trade zone 29.5341044 16.662764 16.72659 
L Further redeployment phases 7.76736074 0.89372649 #NUM! 
L Further transfer protocol  5.86004772 #NUM! 15.3800907 
R Interim self-government agreement 16.6308628 24.7767365 #NUM! 
R Interim self-government arrangement 16.6308628 27.0299375 #NUM! 
L Interim self-government authority 16.6308628 15.4514398 #NUM! 
R Internal security responsibility -3.76824031 -2.2416919 5.35124903 
R Israeli military forces 17.0528349 23.0522497 24.4843277 
R Israeli military government 17.0528349 25.8055479 18.3123208 
L Israeli military installation 17.0528349 #NUM! 22.4140573 
R Israeli security forces 18.9039353 23.0522497 28.0404638 
R Israeli-Palestinian liaison committee #NUM! 2.09105819 16.4488371 
R Joint coordination center  8.97731031 18.3519175 13.402274 
R Joint district coordination #NUM! 8.97731031 5.69318988 
R Joint liaison committee  12.4439683 22.1801135 16.7466548 
L Joint security activities 11.4552025 11.1803071 -1.80998389 
L Joint security measures  11.4552025 3.0712165 22.5629536 
L Maritime activity zones 13.2095378 8.4346756 6.2079723 
L Military forces redeployment 24.5996221 6.43092672 #NUM! 
L Military installation area  16.6966779 6.19650441 -1.81452506 
R Multilateral peace efforts 7.04652761 13.5271812 16.6737436 
L Multilateral working groups  13.5748801 4.7775611 24.6540898 
L Mutual security matters 10.2169037 #NUM! 16.8709369 
L Mutual security purposes 16.5299137 4.74646304 13.6260676 
R Necessary enforcement measures 2.44312137 15.2946759 14.0874436 
L Palestinian development bank 7.96212042 2.73900223 21.0755703 
I Palestinian-Israeli joint ventures #NUM! #NUM! 33.0038503 
R Palestinian Electricity authority -0.28371944 30.0802489 4.60661918 
R Palestinian land authority 15.6472806 30.0802489 5.33935168 
L Palestinian police force 16.1993716 -3.22782873 24.9690855 
L Permanent status negotiations 15.3724625 0.22444293 11.1095096 
L Preparatory transfer agreement 3.81734946 #NUM! 7.27710389 
L Rapid response team 20.4239363 #NUM! 17.0869973 
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L Regional development plans 19.4351998 7.9007317 22.2612335 
L Regional development program 19.4351998 9.06758823 24.6090104 
R Regional security committees 0.92162722 9.91182677 6.30512515 
R Relevant security provisions 1.68159376 14.5560272 11.7675655 
R Social rehabilitation program 12.099781 12.8656134 20.7323335 
R Special security arrangements 11.8206224 15.4143225 20.335826 
R Special security cases 11.8206224 15.6594884 5.53853188 
R Special security situations 11.8206224 12.2384433 5.76696216 
L Specific review arrangement 5.72103565 -1.22496879 #NUM! 
R Specified military location 6.51290847 10.1690723 8.61746048 
R Specified time-frame ending  #NUM! 4.84118971 #NUM! 
R Standing cooperation committee #NUM! 29.2797698 5.71101394 
R Supportive public atmosphere 1.79221574 14.531836 #NUM! 
R Various joint committees  7.02981253 13.6225866 25.2424764 
R Whole peace process 5.69969889 26.1867663 26.8460103 

 

Str A+B: The collocational strength of the adjective + first noun 

Str A+C: The collocational strength of the adjective + second noun 

Str B+C: The collocational strength of the first noun + second noun with the same order as 
they appear in the corpus 

#NUM! indicates that one of the frequencies in the combination is zero. 

An R indicates a right-branching structure. 

An L indicated the left-branching structures. 

An I (indeterminate) indicates that the evidence is insufficient to stablish that it is a left or 
right branching structure. 
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Appendix C 
 
The table of adjective + noun + noun combinations that were extracted from the created 
corpus with the calculated MI3 collocational strength of the combination of their 
constituents according to the frequencies that were collected from the BNC 

Nesting  Combinations Str A+B Str A+C Str B+C 
L Additional police stations 6.478841 0.907411 20.01242 
R Agreed security arrangements  -1.973527 6.123693 18.66136 
L Appropriate communication link  5.517849 #NUM! 3.644526 
I Civil liaison offices #NUM! #NUM! 6.611743 
L Economic cooperation committee 17.28217 10.47166 #NUM! 
L Economic development programme 25.14084 15.6371 21.34174 
L Environmental protection plan 26.64485 2.535469 15.55845 
L Free trade zone 24.46898 14.20053 2.994349 
R Further redeployment phases #NUM! 3.448048 #NUM! 
L Further transfer protocol  7.184288 0.386771 13.8522 
L Interim self-government agreement 11.71752 9.378143 #NUM! 
L Interim self-government arrangement 11.71752 #NUM! #NUM! 
L Interim self-government authority 11.71752 3.54856 6.736098 
L Internal security responsibility 18.87507 #NUM! #NUM! 
L Israeli military forces 19.77715 16.72168 23.12737 
L Israeli military government 19.77715 18.51372 21.1536 
L Israeli military installation 19.77715 #NUM! 9.309069 
R Israeli security forces 8.903193 16.62495 26.36102 
I Israeli-Palestinian liaison committee #NUM! #NUM! 17.29421 
R Joint coordination center  #NUM! -1.63858 7.033992 
I Joint district coordination  #NUM! #NUM! #NUM! 
R Joint liaison committee 15.6581 18.40391 16.68353 
R Joint security activities 9.434631 12.03782 4.292067 
L Joint security measures  9.434631 6.226892 18.13626 
R Maritime activity zones 8.878312 9.16885 1.851225 
L military forces redeployment 18.62975 #NUM! #NUM! 
L Military installation area  4.811444 0.19032 3.194736 
I Multilateral working groups #NUM! #NUM! 17.71623 
L Multilateral peace efforts 8.914073 7.792163 7.759623 
L Mutual security matters 10.16519 1.56804 14.35484 
L Mutual security purposes 10.16519 #NUM! 4.047989 
R Necessary enforcement measures #NUM! 12.60153 8.565151 
L Palestinian development bank 0.377383 #NUM! 16.11941 
I Palestinian-Israeli joint ventures #NUM! #NUM! 31.46639 
I Palestinian Electricity authority #NUM! #NUM! 11.88667 
I Palestinian land authority #NUM! #NUM! 5.257994 
R Palestinian police force 0.661098 1.699406 24.41612 
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L Permanent status negotiations 9.829844 #NUM! #NUM! 
I Preparatory transfer agreement #NUM! #NUM! 9.9236 
L Rapid response team 15.69296 #NUM! 7.472392 
L Regional development plans 21.196 7.482883 20.36853 
L Regional development program 21.21494 4.582351 21.45197 
R Regional security committees 14.65414 15.06843 5.212429 
R Relevant security provisions -1.143751 16.19688 9.732415 
R Social rehabilitation program 8.189673 10.20832 16.44681 
R Special security arrangements 10.3925 17.71638 17.77371 
R Special security cases 10.3925 16.05206 16.1094 
R Special security situations 10.3925 11.80204 #NUM! 
R Specific review arrangement #NUM! 0.462704 #NUM! 
R Specified military location #NUM! 6.458084 #NUM! 
I Specified time-frame ending  #NUM! #NUM! #NUM! 
R Standing cooperation committee #NUM! 32.23336 #NUM! 
R Supportive public atmosphere #NUM! 9.718517 #NUM! 
R Various joint committees  3.306266 11.10231 17.24279 
R Whole peace process #NUM! 22.32979 23.40763 
Str A+B: The collocational strength of the adjective + first noun 

Str A+C: The collocational strength of the adjective + second noun 

Str B+C: The collocational strength of the first noun + second noun with the same order as 
they appear in the corpus 

#NUM! indicates that one of the frequencies in the combination is zero. 

An R indicates a right-branching structure. 

An L indicated the left-branching structures. 

An I (indeterminate) indicates that the evidence is insufficient to stablish that it is a left or 
right branching structure. 
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Appendix D 
The table of adjective + noun + noun combinations that were extracted from the created 
corpus with the normalized (per million) frequencies  of the constituents and the 
frequency of their combination that were collected from COCA 

Combinations A+B A+C B+C A B C 
Additional police stations 0.05 0.01 0.4 71.1 143.19 23.37 
Agreed security arrangements  0 0.01 0.34 1.28 136.42 15.3 
Appropriate communication link  0.03 0.01 0.04 60.57 46.19 30.51 
Civil liaison offices 0 0.01 0.02 71.71 3.57 26.28 
Economic cooperation committee 1.48 0.16 0.01 180.04 25.58 81.56 
Economic development program 9.39 0.34 1.37 180.04 203 262.33 
Environmental protection plan 8.5 0.01 0.12 112.29 58.54 123.9 
Free trade zone 5.27 0.16 0.03 182.83 99.2 33.08 
Further redeployment phases 0 0 0 49.33 0.035 7.34 
Further transfer protocol  0.01 0 0.05 49.33 40.08 11.01 
Interim self-government agreement 0.02 0.5 0 6.19 1.22 63.67 
Interim self-government arrangement 0.02 0.01 0 6.19 1.22 15.28 
Interim self-government authority 0.02 0.06 0 6.19 1.22 61.48 
Internal security responsibility 0.68 0 0.3 49.1 136.42 52.38 
Israeli military forces 1.08 0.39 1.71 29.95 14.66 83.73 
Israeli military government 1.13 1.15 0.63 29.95 14.66 307.4 
Israeli military installation 1.14 0 0.13 29.95 14.66 10.49 
Israeli security forces 0.26 0.39 3.78 29.95 136.42 83.73 
Israeli-Palestinian liaison committee 0 0 0.07 1.29 3.57 81.56 
Joint coordination center  0 0.27 0.05 31.88 7.93 257.18 
Joint district coordination 0 0.01 0.01 31.88 107.26 8.68 
Joint liaison committee  0.02 0.52 0.07 31.88 3.57 81.56 
Joint security activities 0.06 0.04 0.01 31.88 136.42 104.66 
Joint security measures  0.06 0 0.99 31.88 136.42 62.83 
Maritime activity zones 0.03 0.01 0.01 4.09 86.32 12.84 
Military forces redeployment 1.71 0 0 150.43 83.72 0.34 
Military installation area  0.13 0.02 0 150.43 10.49 216.13 
Multilateral peace efforts 0.01 0.03 0.21 3.48 70.89 89.96 
Multilateral working groups 0.01 0.01 0.47 3.48 1.97 181.68 
Mutual security matters 0.17 0 0.2 24.09 136.42 32.97 
Mutual security purposes 0.17 0.01 0.09 24.09 136.42 26.73 
Necessary enforcement measures 0.01 0.11 0.01 87.87 27.61 62.84 
Palestinian development bank 0.03 0 0.74 23.38 203 91.88 
Palestinian Electricity authority 0 1.67 0.01 23.38 25.58 61.48 
Palestinian-Israeli joint ventures 0 0 1.25 0.19 3.2 6.91 
Palestinian land authority 0.13 1.67 0.02 23.38 134.3 61.48 
Palestinian police force 0.13 0 2.43 23.38 143.19 114.64 
Permanent status negotiations 0.1 0 0.02 23.38 78.75 20.83 
Preparatory transfer agreement 0 0 0.01 2.34 40.08 57.81 
Rapid response team 0.1 0 0.26 24.15 102.86 236.69 

 



 

Regional development plans 0.37 0.02 0.38 52.85 203 67.91 
Regional development program 0.38 0.04 1.48 52.85 203 262.33 
Regional security committees  0.61 0.02 0.12 52.85 136.42 10.03 
Relevant security provisions 0.01 0.05 0.05 29.86 136.42 13.75 
Social rehabilitation program 0.06 0.13 0.4 313.67 11.88 262.33 
Special security arrangements 0.11 0.09 0.42 152.24 136.42 15.3 
Special security cases 0.11 0.23 0.02 152.24 136.42 119.08 
Special security situations 0.11 0.07 0.37 152.24 136.42 31.31 
Specific review arrangement 0.02 0 0 96.19 65.58 15.27 
Specified military location 0 0.01 0.02 8.28 14.66 42.52 
Specified time-frame ending  0 0 0 8.28 0.05 6.72 
Standing cooperation committee 0 0.65 0.01 0.4 25.58 81.56 
Supportive public atmosphere 0.02 0.05 0.01 11.65 80.44 31.83 
Various joint committees  0.01 0.08 0.02 102.62 3.2 81.56 
Whole peace process 0.02 1.25 2.92 141.94 70.89 191.36 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

Appendix E 
 
The table of adjective + noun + noun combinations that were extracted from the created 
corpus with the normalized (per million) frequencies  of the constituents and the 
frequency of their combination that were collected from the BNC 

Combination A+B A+C B+C A B C 
Additional police stations 0.08 0.01 1.24 78.52 285.23 39.54 
Agreed security arrangements  0 0.05 0.07 10.11 149.78 62.1 
Appropriate communication link  0.05 0 0.41 122.34 66.49 56.03 
Civil liaison offices 0 0 0.02 93.2 10.33 46.12 
Economic cooperation committee 0.52 0.26 0 259.23 12.72 192.5 
Economic development programme 8.62 0.89 3.35 259.23 347.24 193.52 
Environmental protection plan 5.71 0.02 0.45 89.85 86.36 147.63 
Free trade zone 5.84 0.3 0.01 219.34 210.63 27.76 
Further redeployment phases 0 0.02 0 387.66 0.66 11.01 
Further transfer protocol  0.1 0.01 0.15 387.66 75.3 11.49 
Interim self-government agreement 0.02 0.06 0 20.62 2.26 145.55 
Interim self-government arrangement 0.02 0.02 0 20.62 2.26 35 
Interim self-government authority 0.02 0.02 0 20.62 2.26 193.05 
Internal security responsibility 1.1 0 0.01 73.81 149.78 97.53 
Israeli military forces 0.27 0.39 1.13 17.54 126.24 120.73 
Israeli military government 0.26 0.99 1.25 17.54 126.24 668.44 
Israeli military installation 0.27 0 0.41 17.54 126.24 14.38 
Israeli security forces 0.08 0.39 7.51 17.54 149.78 120.73 
Israeli-Palestinian liaison committee 0 0 0.38 0.27 10.33 192.5 
Joint coordination center  0 0 0 67.06 4.95 5.77 
Joint district coordination 0 0 0 67.06 71.08 4.95 
Joint liaison committee  0.22 1.08 0.38 67.06 10.33 192.5 
Joint security activities 0.13 0.22 0.05 67.06 149.78 127.03 
Joint security measures  0.13 0.05 0.9 67.06 149.78 76.06 
Maritime activity zones 0.05 0.02 0.01 6.3 125.67 12.84 
Military forces redeployment 1.13 0 0 115.39 12073 0.66 
Military installation area  0.02 0.02 0 115.39 14.38 353.87 
Multilateral peace efforts 0.03 0 0.3 3.44 94.88 61.18 
Multilateral working groups 0 0 1.43 3.44 39.69 207.5 
Mutual security matters 0.1 0 0.4 24.69 149.78 79.56 
Mutual security purposes 0.1 0 0.03 24.69 149.78 62.77 
Necessary enforcement measures 0 0.27 0.05 194.68 14.79 66.54 
Palestinian development bank 0.01 0 1.06 12.91 347.24 189.5 
Palestinian Electricity authority 0 0 0.19 12.91 39.15 193.05 
Palestinian-Israeli joint ventures 0 0 2.79 0.05 3.64 7.93 
Palestinian land authority 0 0 0.07 12.91 170.3 193.05 
Palestinian police force 0.01 0.01 5.37 12.91 285.23 138.88 
Permanent status negotiations 0.1 0 0 48.67 95.86 39.71 
Preparatory transfer agreement 0 0 0.07 4.5 75.3 145.55 

 



 

Rapid response team 0.41 0 0.1 39.77 128.97 202.28 
Regional development plans 2.56 0.07 2.15 82.76 347.24 84.98 
Regional development programme 2.56 0.05 3.38 82.76 347.24 193.52 
Regional security committees  0.43 0.27 0.59 82.76 149.78 28.32 
Relevant security provisions 0.01 0.42 0.11 85.91 149.78 45.71 
Social rehabilitation programme 0.07 0.3 0.34 460.37 9.36 193.52 
Special security arrangements 0.23 0.92 0.81 233.3 149.78 62.1 
Special security cases 0.23 0.75 0.03 233.3 149.78 196.84 
Special security situations 0.23 0.2 0.68 233.3 149.78 41.1 
Specific review arrangement 0 0.01 0.02 120.97 69.38 35 
Specified military location 0 0.02 0 36.45 126.24 41.44 
Specified time-frame ending  0 0 0 36.45 0.18 8.83 
Standing cooperation committee 0 2.56 0 0.07 12.72 192.5 
Supportive public atmosphere 0 0.05 0 8.52 75.57 51.92 
Various joint committees  0.05 0.14 0.22 161.72 3.64 28.32 
Whole peace process 0 3.37 3.62 200.13 94.88 182.59 
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