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The field of computational linguistics has as one of its main goals the analysis of naturally occurring unrestricted text input, based in part on the belief that linguists’ armchair examples provide a poor sample of linguistic reality. This paper will examine the results of searching the Brown corpus for examples of comparative constructions, and outline the analysis we propose to implement in the Microsoft Natural Language Understanding System parsing module. Comparatives are ideally suited for searches in corpora because they can be easily identified through the key words ( as, than, more, less),  and are sufficiently complex as to make the artificial creation of relevant examples a poor substitute for naturally occurring cases.


The paper will review the comparative construction as outlined in McCawley (1988), which has a clear presentation of most of the salient facts that have been discussed in the literature. When dealing with comparatives, considerable effort is usually spent in the construction of semantically appropriate underlying forms, and in the description of the necessary syntactic rules that will allow the derivation of surface forms from those underlying constructs.  I will not go into this in much detail here, primarily because under a computational approach, it is more fruitful to look for interpretive approaches to mapping the meaning of comparatives.  My first goal will be to inventory the occurrences of the construction that are found in the Brown corpus, and to devise a classification system that more accurately reflects the problem from a computational perspective. My second objective will be to outline and extend the analysis of comparatives outlined in Fauconnier (1985).


The central concept in the pragmatic/semantic perspective proposed in Fauconnier is that comparative constructions can span two mental spaces, i.e. “constructs distinct from linguistic structures, but built up in any discourse according to guidelines provided by the linguistic expressions.  In the model, mental spaces will be represented as structured, incrementable sets - that is, sets with elements (a, b, c, …) and relations holding between them (R1ab, R2a, R3cbf), such that new elements can be added to them and new relations established between their elements”(p. 16)  Once we accept the view of  the comparative construction spanning two mental spaces, the interpretation of “elliptical” cases becomes a pragmatics/discourse issue rather than one of ellipsis of a complex underlying structure.





�
Overview of the syntactic classification proposed of McCawley (1988)





 A rough summary of the classification (0 and 9 were added)  is as follows (pp. 670- 671):  


0- metalinguistic comparatives 


(13a) Your problems are more financial than legal. 


(12b) Mary more respects than admires John.  


completely unreduced


(1) John was a victim of circumstances more than he was the heartless scoundrel that we often think of him as.  


2 - missing only a measure expression


(2a) John sent more Christmas cards to linguists than Mary sent Chanukah cards to musicians. 


3 - missing a major constituent containing the compared element 


(3a) John sent more Christmas cards to linguists than Mary sent to musicians.  


4 - missing all but one constituent of a VPcontaining the compared item


(4a) John sent more Christmas cards to linguists than Mary did to musicians. 


5 - missing an entire VP containing the compared constituent


(5a) John sent more Christmas cards to linguists than Mary did.


6 - a major constituent corresponding to one containing the compared constituent.


(6a) John sent more of his friends than of his relatives Christmas cards.


7 - a constituent corresponding to some other part of the host S


(7a) John sent more Christmas cards to linguists than to musicians.


(7b) John sent more Christmas cards to linguists than Mary.


8 - a quantity expression or a constituent that indirectly specifies a quantity


(8a) John sent more than fifty Christmas cards to his friends. 


(8b) Grammatical relations are taken as primitives by more linguists than Postal and Perlmutter.


9 - than expected type 


Mary sent more Christmas cards to her friends than we had expected.  P.701, footnote 3


Sam knows more about this than he admits. P. 701, footnote 3.


Maybe it’s taking longer to get things squared away than expected. (Brown corpus)





Metalinguistic comparatives (case 0) are distinguished from others not so much by their phrase structure but by their semantics.  Whereas other comparatives can be thought of as measures against a single quantitative scale (length, intensity), these compare the extent to which one parameter on one scale (how much the problems are financial) exceed the parameter on a different scale (how much the problems are legal).  We can assume here that the fundamental difference is in interpretation, not syntactic behavior. The classification of case 1 assumes no deletion of any kind; however, other authors have assumed that the compared element x-much is missing in the comparative complement starting with than. In  case 2, the measure expression that is missing is sometimes characterized as being deleted by the rule of Subdeletion (Bresnan 1977).  Analyses vary as to the mechanism of this rule, whether deletion (Bresnan 1977) , movement (Chomsky 1977) or interpretive (Pinkham 1982). Case 3 typifies the case of Comparative Deletion.  Once again, the formulation of this process varies with authors. Cases 4 and 5 correspond loosely to the application of VP deletion. Cases 6 and 7 are supposed by most theoretical linguists to be the result of ellipsis.  The new classification will reject this position and consider them simple phrases. Case 8 consists of two distinct cases which will not be grouped together in the new classification. The final case in 9 is perhaps the most difficult.  An entire clause containing the compared element seems to have been deleted.  More difficult yet are cases where only the past participle believed, expected, thought or an adjective or adverb such as usual or ever remain.  In the reanalysis below, the problem of deletions disappears since there is assumed to be none.  





New Classification 


The Brown corpus consists of a million words  of text.  It was created in Kucera by 1964 as a balanced corpus to allow research into the lexical properties of language (Francis and Kucera, 1982) . Our search for comparatives as mentioned above yielded 1,850 sentences, which average about 28 words in length.  I classified only a portion of these, but expect that the statistics will be significant across the whole corpus.  These sentences gives us some interesting and surprising results.


Categories 7 and 8 far outnumber the others, accounting for about 50% of the cases, whereas cases 1 and 2 simply did not occur, and case 3 only rarely occurs. In short, reduced forms of comparatives are much preferred to full clause alternatives. The most common case, corresponding to class 8 above,  is one where a quantifier follows the than.  Examples are listed in (10). When the complement is a single phrase, but not necessarily a quantifier, corresponding to class 7 above, the complement may be any phrase, but is often an PP or NP as shown in examples (11).





(10) a. India is the most populous United Nations member with more than 400, 000, 000 inhabitants.


        b. I’ll need more than a single day to find the words to properly express my thanks to them.


(11) a. The top two talents of the time, Mickey Mantle and Willie Mays, have hit the ball harder and more successfully so far this early season than at any period in their careers.


        b. Werner criticized, conceding that several cities to the north were in worse shape than Baltimore after the last storm


Whereas the traditional typology depends on the notion that full clauses are central to the analysis of comparatives, the data point to non-clausal forms as the statistically important cases. If we accept the notion that constructions have a prototype case, which extends out to peripheral cases (Lakoff, 1987), then the prototype of the comparative arguably consists of non-clausal forms.  This is worth insisting on, since it has gone unnoticed by researchers in this area.  Getting a handle on the properties of these comparatives is key to the success of any computational application of comparatives.  This perspective involves a shift in paradigm, from a  Chomskian transformational approach where underlying form provides all the information and grammaticality is determined by intuition, to a new computational corpus-based approach, the ground rules of which are still being defined, but clearly include focus on real text.  It is difficult to make convincing arguments across paradigms;  Instead I limit myself to showing what the terrain looks like from this point of view.


We propose to classify comparatives into three classes: intensifier, phrasal, and clausal.  The intensifier case corresponds to group 8, as exemplified in (10) with some extensions.  The defining characteristic of Intensifier comparatives is that more than,  less than or otherwise than is functioning as an intensifying modifier to a quantifier, adjective or verb. To simplify a bit, we can say that the intensifier can be removed from the clause with only a semantic effect.  (12d) deviates from that statement in a minor way since we witness the splitting of the verb into the support verb do and the main verb in addition to the intensifier.  Example cases appear in (12):





(12)  INTENSIFIER


        a. India is the most populous United Nations member with [more than] 400, 000, 000 inhabitants.


        b. Reports are that it is [more than] probable that the four congressmen from Mississippi who did not support the party ticket will be stripped of the usual patronage which flows to congressmen.


        c. I’ll need  [  more than ]  a single day to find the words to properly express my thanks to them.


        d. They cannot do [ otherwise than]  live in dread of each other since these weapons imply the possibility of such grisly surprise attack.





Phrasal comparatives (groups 4, 5, 6, 7, and phrasal instances of 0 and 9) are an extension of the phrasal comparatives discussed in Pinkham (1982), and Napoli (1983).  However, the classification proposed here is much more sweeping and general, in that all cases of phrases in comparative complements are assumed not to be derived from underlying sentential forms.  In addition, any phrase in the comparative complement that is not a finite verb phrase or sentence entitles the comparative to membership in this group. Representative cases from the Brown corpus appear in (13):





(13) PHRASAL


       a. We’re getting more pro letters than con on horse race betting, said Ratcliff.


 b.  But the tardiness of the administration in making the dedication has caused legislators to suspect the tax bill was related more directly to an over-all shortage of cash than to segregation.


The top two talents of the time, Mickey Mantle and Willie Mays, have hit the ball harder and more successfully so far this early season than at any period in their careers.


Werner criticized, conceding that several cities to the north were in worse shape than Baltimore after the last storm.


	


It is important to note the inherent parallelism in the sentences in (13).  In (a), we notice that con is set of against pro.  In (b), the PP to segregation is set off against to an over-all shortage of cash. In example ( c ), the time complement at any period in their careers is balanced against so far this early season, and in (d) several cities are compared to Baltimore.  This is not a coincidence, but rather a fundamental property of phrasal comparatives, as we will see in the section below on the interpretation of comparatives.  


Clausal cases correspond to categories 1, 2, 3, and clausal instances of  9.  The simple way to define this is if there is a finite Verb Phrase or a sentence in the comparative complement, the comparative is clausal.  We group in this class all cases that are discussed in the literature as cases of comparative deletion, or comparative subdeletion according to the rule terminology discussed in Chomsky (1977) and Bresnan (1977).  Anything that is “more elliptical” in character - for example not tensed -  would not be clausal.  Cases that occur in the Brown corpus are traditional examples of comparative deletion, i.e. where the element that is being compared is “missing” in the comparative complement. Pinkham (1982) argues for a non-deletion account, or interpretive account of this phenomenon. To the extent that it is relevant to the discussion here, we continue to take that position here as well.  The examples in  (14) are naturally occurring cases from the Brown corpus where a “reduction” similar to VP deletion has reduced the verb.





CLAUSAL


a. Farmers are so eager for new machinery that they’re haggling less over prices than they did a year ago.


b. The 22-year-old southpaw enlisted earlier last fall than did Hansen.


c. But after 12 at Los Angeles he became one of the boys, a bigger hero than he ever had been before.





The corpus points to the Intensifier class as the most common, the Phrasal class as very common, and the Clausal class as much less common. Let us go on to look at how the different types can be implemented in a computational grammar.





Rules for parsing 


This research is done for use in a broad coverage natural language system.  A traditional broad coverage parsing system must function when given input from any source, including misspelled or ungrammatical input. It is also highly significant to look at large samples of text for information on the syntactic behaviors that are real, i.e. occur in text, and occur frequently.  By examining naturally occurring cases of comparatives, and focusing first on the frequent ones, one can achieve a higher success rate in parsing - and eventually understanding - in a shorter period of time than one would by examining one’s intuitions on the subject.


The analysis here follows the principles of the Microsoft Natural Language Understanding System, and is intended to fit into the first stage, the initial syntactic sketch.  It produces an analysis based on information provided by a computational dictionary that contains the combined entries of the Longman Dictionary of Contemporary English and the American Heritage Dictionary.  For this initial parse, however, information is limited to part of speech, morphological structure, and subcategorization features. The rules have no access to any information that would allow the assignment of semantic structure such as case frames or thematic roles.


The rules currently implemented in the system are not exactly those described here, but they are similar in spirit, and may be modified to fit this model more closely.  Following the classification above, we break down comparatives into three types, intensifier, phrasal and clausal. In the intensifier case, the sequences of words more than, less than, other than and otherwise than are entered in the lexicon as multiword phrases which are intensifying adverbs.  In this they are similar to approximately or at least, as McCawley points out (p. 665). The grammar rules which normally associate intensifying adverbs with quantifiers, adjectives or verbs will correctly analyze these multiword phrases in the same way.  This accounts for all the intensifier cases, and thus a very large percentage of the comparatives that occur in the Brown corpus.


In the cases of phrasal comparatives, the parsing rules would group with than and as any constituent which is not a tensed VP or S.   The nature of that grouping, whether a Prepositional Phrase or projection of the phrase, seems to me not to be crucial. A good deal of ink has flowed on the nature of phrasal comparatives, and in many cases, it is difficult to decide.  Extraction arguments point to classifying some than complements as PP (Hankamer 1973), as in example (15). However, other extraction evidence points to other types of comparatives being similar in structure to coordination (16). �



a. He is taller than who?


b. Who is he taller than?


     a. He has more books about Castro than pictures of him.


b. Who does he have more books about than pictures of?





I will extend the perspective presented by McCawley (p. 731),  citing Kajita (1977).  The extraction behavior is indicative of the comparative construction mimicking other constructions.  (16b) mimics the phrase structure of coordinate nouns, and behaves similarly in most instances, but not all.  (15b) mimics the phrase structure of a PP, but the parallelism also breaks down. 


In addition, for my purposes, even prepositional phrases in comparative complements are phrasal comparatives, so I will create a new phrase called CompP, for comparative phrase.  The CompP, which consists typically of the sequence [than XP], becomes a sister node to the element in the sentence that is modified by the comparative modifier -er. more, less, as.  By this analysis, CompP’s are right hand modifiers of compared phrases, and only of compared phrases. Examples of structures assigned appear in (17):





(17)     He is [ [taller] [than me]]


	He has [[ more books about Castro] [than pictures of him]]


	We’re getting [[more pro letters] [ than con]] on horse race betting.


The top two talents of the time, Mickey Mantle and Willie Mays, have hit the ball [ [ [ [ [harder and more successfully so far this early season ] [ than at any period in their careers.]]





In the case where a CompP is not contiguous to node immediately dominating the compared element, the property of being compared (a feature) can be passed up one level to a node which is not its projection, i.e. to a VP or S from the subject, or from a Adverb Phrase to a VP, or from an Adjective Phrase to a NP.  This allows analyses such as those in (18):





[[More men went to the party] [than women]]


	But the tardiness of the administration in making the dedication has caused legislators to suspect the tax bill [[was related more directly to an over-all shortage of cash ] [ than to segregation]].





Different scopes of analyses then become evident, which I will illustrate with semantically relevant examples, with the understanding that many scopes apply to each case, but that only the correct one is kept here.


�



He buys books [[more frequently] [than every month ]]  


    	He [[ buys books more frequently] [than magazines]]


[[He buys books more frequently] [than Tom]]





A matching strategy in the next component of the system, or reattachment will decide at which level the scope of interpretation of the phrasal comparative complement needs to be done. It is quite clear that a strong parallelism in syntactic and semantic properties between the phrasal element and some other part of the sentence is necessary of the phrasal comparative to be well-formed.    It is outside the scope of this paper to discuss the mechanisms by which we identify the parallelism. 





4.  Semantic Interpretation


Non-clausal comparatives still need to be assigned a semantic interpretation that is consistent with the perceived interpretation.  We argue that the interpretation of comparatives as a whole is not accounted for by the position outlined by McCawley.  Cases such as More people attended the Japanese class this week,  where no than complement is specified, still have a clear interpretation, which we derive from presuppositions and/or the previous context.  Sentences with comparative complements such as than thought are also problematic for the conventional analysis because the rules required to derive the “elliptical” than complement cannot be formulated in any plausible fashion. Let me work through four examples that are phrasal in my classification and explain how their interpretation can be arrived at within the context of Fauconnier’s approach,  in spite of the fact that they are not derived in any sense from a fuller underlying syntactic specification.





a.    I want a bigger piece of cake than that.


I want a [ [bigger piece] [than that]]





Example (20a) is a case of phrasal comparative.  Its structure in illustrated in (20b).  In accordance with Fauconnier’s analysis of comparatives, we can assume that we are dealing here with two mental spaces: (a)- reality, which includes the piece of cake referred to as that, and (b)- the speaker’s mental space, in which the cake desired is bigger.  The syntactic space-builder I want  sets up the speaker’s mental space. The comparison then takes place across spaces, along the parameter of size of the piece of cake in each mental space. Fauconnier (p. 17) defines the space building operation as follows:





“Linguistic expressions will typically establish new spaces, elements within them, and relations holding between the elements.  I shall call space-builders expressions that may establish a new space or refer back to one already introduced in the discourse.  Later sections will show that space-builders may be prepositional phrases (in Len’s picture, in John’s mind, in 1929, at the factory, from her point of view), adverbs (really, probably, possibly, theoretically), connectives (if A then ___, either ___ or ____), underlying subject-verb combinations (Max believes ____, Mary hopes ___, Gertrude claims ____).  Space-builders come with linguistic clauses, which typically ((but not always; see chapter 5) predicate relations holding between space elements.”





Note that in example (20a) the space-builder “I want” fits Fauconnier’s definition perfectly as a subject-verb predicate similar to those illustrated. 





a. More people attended Japanese class this week.(than usual)/(than last week)


        b. ?More people attended Japanese class.





In sentence (21a) the adverbial phrase this week sets up a mental space that is specific to it.  Since comparisons are intended to match up two quantities against a scale,  a natural interpretation would be to measure it against the last obtained measure, which might be available in another mental space available by presupposition or by previous context, say the space that might have been created when referring to last week’s number of students or the usual number of students. But this comparative information is not overt in the sentence.  Anyone dealing with this sentence must look outside the sentence itself to find the interpretation which native speakers assign to the sentence. Note also that (21b), without the adverb that is the space-builder in Fauconnier’s terms, is distinctly harder to assign an interpretation to. 





Narcolepsy is more prevalent in women than thought. (New York Times, 6/11/96)





I would like to focus only on the interpretation of this wonderfully ambiguous sentence—the one that means that the incidence of narcolepsy is higher than what is thought, the intended reading in fact.  Here again, as per Fauconnier, we have two mental spaces, one of them factual reality, and the other the mental space that the syntactic construct thought creates.  In each space, narcolepsy is prevalent to a certain degree, and we are comparing these degrees. Note that thought, as a non-finite verb is a slight variation on the definition of a space-builder in that the subject is not overtly specified, but understood to be everyone.


Example (23), the final one we will consider, also sets up two mental spaces for comparison: the past reality (ever before) , and the current reality (now).





Now more than ever before, linguistics has a chance of becoming a useful,  practical discipline.





Computational interpretations of comparatives, by their very nature, are inclined to look at the meaning from an interpretive perspective (cf. Rayner et al.(1988), and the study by Colin (1994) on an Australian English corpus).  In the perspective presented above, the simplicity of comparative phrasal complements is a given, and the complexity is found in the interpretation.  The last few examples sketch the possibility that the pragmatic machinery given to us by Fauconnier may be absolutely necessary to assign interpretation to phrasal comparatives regardless of one’s syntactic perspective (cf. Rullman (1994) for arguments that Fauconnier’s analysis applies to certain Dutch comparatives). 


I conclude with a quote from Fauconnier (p. 34), which is relevant to the interpretation of phrasal comparatives:





“The relationship” [between two sentences, one of them elliptical] “is a consequence of the discourse-processing possibilities and is not a property of the syntax; reflecting the relationship directly in the syntax by means of underlying forms amounts to arbitrary reduplication, since the posited underlying forms will be different in every case.”
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