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Scope shift with numeral indefinites - syntax or processing?

Tanya Reinhart

Abstract
It has been argued extensively that numeral indefinite plurals cannot scope out  (Ruys (1992), Beghelli and Stowell (1997), Kamp and Reyle (1993) Szabolcsi (1997)). E.g. it is virtually impossible to interpret Four guests sleep in two rooms as involving eight guests in the reported sleeping event, as would be the case if two rooms receives wide distributive scope. In several approaches, this strong effect is built into the Computational System (syntax), as restrictions on the operation of QR, or more complex feature specification of the syntactic projections that correspond to different quantifiers. But I argue that there are several problems with this line. E.g. in the minimally different Four guests sleep together in two rooms, scoping out of the numeral (eight guests) is substantially easier. More broadly, it turns out that the restrictions on the scoping of numerals are not absolute, but depend on the relations of the given derivation to other possible derivations or interpretations. 

On the view proposed in Fox (1995, 2000) and Reinhart (1995, 2006), scope shift is an interface repair strategy that is permitted only when it generates a reading that could not be obtained otherwise. This entails that when QR applies, a reference-set must be constructed to determine whether this is indeed the case. The need to construct and compare a reference-set is costly in terms of processing, as it requires holding two or more full derivations in working memory. An aspect of the computational cost that deserves attention is the size of the reference set. In the easier instances of QR (e.g. Some student read every book), the reference set contains only two members - with and without -QR.   This is a cost that at least adult speakers can bear. (I argue elsewhere that children cannot.) But when two plural numerals are involved, a careful listing of all members of the reference set reveals five such members. It appears that a reference set with five members is beyond what even adults can hold in working memory, so the computation required to license the scope shift derivation cannot be completed.  By contrast, when the subject cannot be interpreted distributively, as in the four guests slept together example, only three members must be activated, which is still within the limits of what can be processed. What has appeared to be a syntactic restriction on scope shift with numerals, is thus, better explained as a processing failure.

1.   The problem: scope shift with plural numeral indefinites.

A prevailing assumption has been that plural numeral indefinites cannot have wide distributive scope, when they occur VP internally  (Ruys (1992)  Ben Shalom (1993), Beghelli and Stowell (1997), Kamp and Reyle (1993), Szabolcsi (1997).) Ruys (1992) illustrates this with sentences like (1).

1)
a.
Three men lifted two tables.


b.
[two tablesi] D [three men lifted ei]

c.
(X (two (X) & tables (X) & (z ( X ((Y (three (Y) & men (Y)) & Y lifted z))  

2)
Four guests sleep in two rooms.

If two tables undergoes QR above the distributive operator D, as in (1b), then under its distributive wide scope construal represented in (1c), the sentence means something like Two tables were each lifted by three men. This construal can be true in a situation where six men were involved in the lifting of the tables. It is, in fact, virtually impossible to associate sentence (1a) with such a model. Similarly sentence (2) under the distributive wide scope of two rooms would be true in a situation where there are altogether eight guests, so in each of the two rooms four of them are sleeping. Again, a reading the sentence does not seem to have. 

The conclusion Ruys drew from this fact (which was first noted in Verkuyl, 1988) is that plural numeral indefinites can never have wide distributive scope.  This view has been widely accepted since the nineties, and was built into the theory of Ben-Shalom (1993), Beghelli and Stowell (1995), Kamp and Reyle (1993) and others. In these approaches, it is assumed that scope-shift of universal, or all strong quantifiers, is fully free and productive. But in the case of numeral plural indefinites, it is not allowed, either because such DPs cannot undergo QR, as proposed by Ruys, or because the distributive operator is too low to allow the subject to be in its scope, which is, roughly, the spirit of the analysis in Beghelli and Stowell (1995). 

In Reinhart (1995), I argued that this conclusion is too sweeping. Although the judgment of (1-2) is pretty robust, judgments of scope shift are known to vary with contexts. To begin with, scope shift is a marked interpretation, harder to obtain outside of context also with universal quantifiers. (This was confirmed in the experimental study of Gil (1982), to which I will return.) One of the contextual factors, emphasized in Winter (1997), is the plausibility of the available interpretations. When the overt scope is inconsistent with world knowledge, it is easier to perceive the scope-shift reading. In the case of covert universal scope, one such example is (3), discussed by Hirschbühler (1982) in a different context. The overt scope would yield here the reading that one flag was stretching over all buildings, which is highly unlikely, so the scope shift interpretation surfaces more easily.

3)
An American flag was hanging in front of every building.

4)
a.
A flag was hanging in front of two building.


b.
A guard stood in front of twenty buildings.

c.
A bomb blew up five monuments across the world.
In the same context, numeral indefinites can also be interpreted with wide distributive scope, as in (4a). (4a) can clearly mean that there were two buildings such that in front of each, an American flag was hanging, and this, in fact, is the interpretation that would first come to mind. This means that the wide scope distributive construal of two buildings is readily accessible here. The same construal is found also in (4b,c). If numeral indefinites cannot scope out, which would explain the unavailability of wide distributive scope for the VP internal numeral DPs in (1)-(2), it should also not be available for these VP internal DPs in (4). But the fact of the matter is that the sentences in (4) do have the scope-shift distributive reading. 

However, Beghelli and Stowell (1997) noted in reply that even in contexts like (4) scope-shift is not always possible. If we replace the singular subject with a plural numeral indefinite, scope shift becomes as difficult as in (1-2) despite world-knowledge preference for this interpretation.

5)
a.
Three flags were hanging in front of two buildings


b.
Five guards stood in front of twenty buildings.

The sentences in (5) have a funny air.  The only reading that can be obtained is the one inconsistent with world knowledge (same five guards are simultaneously in front of twenty buildings).

There must be, therefore, some internal properties of the sentences in (1-2) and (5) that restrict the option of scope-shift. But what can these be? The standard approach, as mentioned, has been to search the answer in the Computational System itself, specifically within the internal properties of the moved constituent.  These approaches view QR as part of the Computational System, and search for restrictions on its operation, stipulating e.g. that plural numerals cannot undergo QR. 

As we just saw, this enrichment of the machinery of the Computational System has still not been sufficient to explain the difference between (4) and (5). But Beghelli and Stowell (1997) propose a further enrichment that does capture this difference. First they assume that the distributive operator (their "silent each") has a fixed position lower than the external subject position ("between AGRS-P and AGRO-P"). It is only up to that position that the internal indefinite can move. Thus, to begin with, the subject is not in the scope of the moved indefinite and its distributive operator. To enter this scope, the subject needs to reconstruct to its original theta position (in Spec VP). In (4) this reconstruction takes place, so a flag in (4a) ends up in the (distributive) scope of two buildings. But the subject cannot always reconstruct. Beghelli and Stowell argue that only "simple indefinites" which they define to be singular indefinites and bare plurals can do so. All other indefinites, like the plural numeral subjects in (1-2) and (5), or Generalized Quantifiers indefinites (like less than three guards) must be interpreted in their surface position. Hence, the relevant scope shift cannot be obtained in (1-2) and (5).

The insight underlying Beghelli and Stowell's analysis is that it is not just the properties of the VP internal DP that determine its ability to take wide distributive scope, but the properties of the subject have an effect as well. However, the question remains whether their implementation of this insight is on the right track.  More generally, the question is whether this is a problem of the Computational System or of the interface.  

Note again the cost to the Computational System, if enriched the way Beghelli and Stowell propose.  Along with all the previous features and functional projections that govern the movement of quantified DPs, we now need some mechanism restricting reconstruction.  It is far from obvious that reconstruction should be governed by feature compatibility at all. But if it does, it is not clear what independent property distinguishes precisely these two instances of "simple indefinites" from all other indefinites, namely, which feature is coded.

But the crucial question is empirical - Is it indeed possible to approach the problem with a list of the DP subjects that prevent scope-shift (or cannot reconstruct)?  I turn to this empirical question in the next section.  But before, I should note that the judgments of examples in that next section may appear subtle, and many of them have not been previously discussed or judged in the literature. To verify my intuitions, I tested all examples (in Hebrew) with a couple of non-linguist informants.  Linguists may have biased judgments on sentences that have an established judgment in the theory, but interestingly, sentences with plural numerals lend themselves easily to testing with non-linguists, because they can be followed with questions about the number of objects or people participating.  In examples like (6)-(8), the topmost number allowed for the set denoted by the subject, if scope shift applies is given in parenthesis. Presenting a sentence like (6a), I asked:  Assuming that there are 5 tables, how many table-cloths there are?  For (7b) the question would be: How many doctors will examine patients?  If the informant gives the narrow scope answer - one, the next question would be: Could there be more, e.g. 10 doctors?

6)

a.
A tablecloth covers every table. 

(Up to as many tablecloths as tables)



b.
A doctor will examine every patient. 
(Up to as many doctors as patients). 

7)
a.
A tablecloth covers two tables.  

(Up to two tablecloths)




b.
A doctor will examine ten patients. 
(Up to ten doctors)


8) 
a. 
Two doctors will examine ten patients. 
(Up to twenty doctors)


b. 
Three men lifted two tables.  

(Up to six men)

For (7), I was able to solicit a yes answer to the second question in all my informal testing.  For (8), it was impossible to convince the informants to consider the option that there were twenty doctors or six men involved.  The same method was used in the examples to follow below.  Although my testing was in Hebrew, the area of semantic judgments of quantifier scope is not, to my knowledge, subject to variations between Hebrew and English.

2. A puzzle:  The subject effect disappears when it is not distributive.

The empirical generalization discovered by Beghelli and Stowell (1997) has been that VP internal plural numerals cannot scope out when the subject is also a plural numeral, and the question under consideration is why should the properties of the subject affect the interpretative options of the VP internal numeral DP. Beghelli and Stowell's answer is that numeral plural subjects cannot reconstruct. But in fact, the empirical generalization itself is not precisely correct. Plural numeral subjects do not always disable the distributive wide scope of a VP internal plural numeral. 

Let us look at the minimal pair in (9), where (9a) repeats (5a).

9)
a.
Three flags were hanging in front of two buildings.

b.
Three identical flags were hanging in front of two buildings.

Unlike (9a), (9b) can be easily interpreted as asserting that in front of each of two buildings, three identical flags were hanging. While in (9a) the interpretation allows for only three flags (which makes it difficult to imagine the situation described by the sentence), in (9b) the preferred interpretation is that there were all together six flags. The DP three identical flags is not "simple indefinite" by Beghelli and Stowell's definition, and still, in their terms, it can reconstruct. To make sure this is not some peculiarity of the specific linguistic context in (9), let us examine other contexts. 

10)
a.
Two simultaneous questions confused fifteen subjects in the experiment. (The others did fine with two simultaneous questions.)

b.
Ten matching answers brought two couples to the final round [in a televised couples-contest].
c.
Two subsequent meetings took place in three offices.

In (10a) it is not necessarily the case that the same simultaneous questions confused all thirty subjects. Similarly, in (10b), there is no reason to assume that the two couples got the same matching answers. The wide scope distributive reading where each of the two couples got ten (possibly different) matching answers is readily available.  In (10c), each office could host a different set of two subsequent meetings, namely there could be up to six meetings in these three offices.

What the sentences in (9b) and (10) have in common is that they disfavor a distributive interpretation of their subjects.  Roughly, this is because the property of being simultaneous, identical, subsequent or matching does not distribute among members of the set. (The set of subsequent meetings is not a set each of whose members is a subsequent meeting.)  Given this observation, we can also note that this is, in fact, the property shared by Beghelli and Stowell's set of "simple indefinites".  Singular indefinites obviously cannot have a distributive interpretation, and for bare plurals, this interpretation is extremely difficult to get.

Nevertheless, having found a shared property of the subjects that do allow scope shift of the object does not mean we can define the relevant set of DPs that can reconstruct in terms of their internal properties, say, the set of 'non distributable' DPs. The fact of the matter is that any numeral DP can be disambiguated to allow only the collective interpretation by using an adverb like together. It turns out that in this case, scope shift is allowed, regardless of the internal properties of the subject:

11)
a.
Four guests sleep in two rooms.


b.
Four guests sleep together in two rooms.

12)
Three Canadian flags were hanging together on two buildings.

(11a) (which repeats (2)) is the standard case where object scope shift is impossible - the sentence can only be understood as involving four guests.  However, in (11b) it is possible to construe the situation as involving eight guests, namely in each of the two rooms four guests are sleeping together. Similarly, in (12) it is possible to construe the depicted situation as involving six flags, three hanging in front of one building and three in front of the other.  These construals can only be obtained if the objects have wide distributive scope. 


Thus, there is no DP internal property of the subjects that enable scope shift of numeral DPs out of the VP.  The relevant property must be associated with the whole derivation.  The descriptive generalization seems to be that if in a given derivation the subject could (potentially) be interpreted distributively, scope shift of the object is not allowed.  But, Crucially, we are concerned here with the potential of the subject to be distributive, not with the question whether it in fact is. In the derivations where scope shift was found impossible, like  (11a), (5) or (1) (Two men lifted three tables), the subject is indeed of the type that can be distributive, but it is not actually interpreted distributively in the derivation under consideration. The scope shift derivation is ruled out even if we interpret the subject collectively. Why should scope shift of the object depend on whether the subject could, in principle, be interpreted distributively in another LF derivation? 

Generally, when properties of the derivation are not absolute, but depend on its relations to possible other derivations or interpretations, this is an indication that an optimality type of computation is at work. Let us turn now to what could explain the pattern under consideration if scope shift involves indeed such computation.  

3. A processing account.

On the analysis of scope-shift proposed in Fox (1995, 2000) and Reinhart (1995, 2006), this is an interface repair strategy that is permitted only when it generates a reading that could not be obtained otherwise. This entails that when a scope-shifting QR applies, the resulting interpretation must be compared against alternative interpretations that could be obtained without the application of this operation. Technically, a reference-set must be constructed to determine whether this is indeed the case. The reference-set consists of pairs <d,i> of derivation and interpretation, and a given <d,i> pair is blocked if the same i(nterpretation) could be obtained with a more economical d(erivation) (i.e. if there is a more economical <d,i> competitor in the reference-set). The same computation is found in several (not many) other areas of the interface. The need to construct and compare a reference-set is costly in terms of processing, since it requires holding two or more full derivations in working memory. I will argue that in the problematic instances of numeral indefinites, the reference set required for the scope shift construal is too big for the human processor, so these instances reflect a processing failure, rather than a violation of a syntactic condition.  First, let me review briefly the motivation for this view of scope shift.

3.1.  A Background digression: Scope shift is a costly operation

Since the introduction of the covert operation QR (in Chomsky 1976 and May 1977), opinions were divided regarding its status.  While most syntacticians viewed it as a standard instance of movement, indistinct from overt movement, others viewed it as a marked and costly operation that is used only when the context makes it necessary to derive scope construal wider than the overt c-command domain. The markedness approach, stated in semantic terms, was proposed by Keenan and Faltz (1978), who argue that lambda abstraction applies only to capture marked scope. I followed this line within the LF framework in Reinhart (1983, chapter 9). The assumption that QR is a marked and costly operation rested originally on the intuition that it is harder to obtain wide scope for universal quantifiers outside their c-command domain. This intuition found support in empirical studies of Gil (1982), where non-linguist subjects across languages were asked to identify scope construals of sentences. Gil found out that although non-overt scope exists in such cases, the preferred reading (statistically) is overwhelmingly the overt one. (Note that what is under consideration here are only applications of QR that result in a scope-shift.  Several other applications of QR have been assumed over the years, which need not concern us here.)

Nevertheless, such findings regarding actual scope preferences are not sufficient to establish the claim that QR is not a free operation but rather a costly one. The first direct evidence that QR does not apply freely was provided by Fox’ (1995, 2000). Fox's point of departure is a puzzle noted by Sag (1976) and Williams (1977): Derivations like (13), are ambiguous between the overt scope construal (14), and the scope shift construal (15). But the ambiguity disappears in the ellipsis context of (16).    

13)
A doctor will examine every patient.  (Ambiguous)

14)
Overt scope:


[A doctor will [VP examine every patient]]


There is a doctor x, such that for every patient y, x will examine y

15)
Scope shift:


Every patient1 [a doctor will [VP examine e1 ]]

For every patient y, there is a doctor x, such that x will examine y

16)
A doctor will examine every patient, and Lucie will [   ] too.  (Only narrow scope for every)

When (13) occurs as the first conjunct of ellipsis, it allows only the narrow scope for every patient, represented in (14). (I.e.  (16) is true only if there is at least one doctor that will examine all patients.)

The account Sag and Williams offered for this fact is based on their assumption that VP ellipsis is an LF copy operation (at least in Williams' analysis). The second ellipsis conjunct in (16) is generated, as in (17), with an empty VP, into which an LF-VP should be copied from the first conjunct. The predicate should be well formed, and, specifically, it cannot contain a variable bound outside the copied VP.  

17)
And Lucie will [   ] too.

If we copy the VP of (14) the result is well formed.  But the VP of (15) is [VP examine e1]. This VP contains the trace of every patient, which is bound outside the VP. Hence this is not an independent, well formed, predicate, and it cannot be copied.  It follows, then, that only the LF (14) allows interpretation of the ellipsis, hence in (16) there is no ambiguity.

However, Fox, citing also Hirschbühler (1982), points out that this could not be the correct explanation, based on examples of the type of (18).

18)
A doctor will examine every patient, and a nurse will too.

Unlike (16), (18), is ambiguous. I.e. the ambiguity of the first conjunct is not cancelled in the context of ellipsis. The derivation (18) differs only minimally from (16) (-a nurse, instead of Lucie).  So the question is why should that minimal difference matter. Though there were many attempts at an answer, since Hirschbühler pointed the problem out, it remained, essentially, a mystery.

Fox' solution rests on the alternative view of ellipsis as a PF deletion developed in the minimalist program (see Chomsky and Lasnik (1993) and Tancredi (1992) for some of the details). The inputs of VP ellipsis are two full derivations (clauses) and one of the VPs is 'deleted', i.e. it is not spelled out phonetically. This is subject to parallelism considerations, which also affect other PF phenomena, like deaccenting.  The least we know about what counts as parallel derivations is that all LF operations, like QR, that apply to one of the conjuncts should apply also to the other. Let us see, for example, how (18) is derived under the construal of every patient with wide scope. 

19)
a.
       Every patient1 [a doctor will [VP examine e1 ]]

b.
and Every patient1 [a nurse will [VP examine e1 ]] too.
Both conjuncts are derived in full, as in (19).  QR has applied, independently to both.  The result, then, is that the two VPs are precisely identical, and the second one need not be realized phonetically, so the PF is the string in (18).  If QR does not apply in precisely the same way to both conjuncts, no ellipsis is possible, as witnessed by the fact that (18) cannot have different scope construals in the first and the second conjunct.

The question, now, is why the same is not true also for (16). For ellipsis to be possible under the wide scope construal of every patient, QR should apply in both conjuncts, as in (20).  If QR applies freely, as in the standard view, this should be possible, and there is, again, no account for why this reading is impossible for the ellipsis in (16).

 20)
a.
       Every patient1 [a doctor will [VP examine e1 ]]

b.
and Every patient1 [Lucie    will  [VP examine e1 ]]
Fox argues that the movement in (20b) is illicit, because it has no effect on the interpretation - (20b), where this movement applies covertly, is precisely identical in interpretation to a derivation with no QR. Since (20b) cannot be derived, parallelism blocks PF deletion in the second conjunct, if scope shift applied, as in (20a); hence (16) allows only the construal with narrow scope for every patient. Fox shows the same pattern in several other cases, where long-distance QR cannot change the interpretation, (e.g. with two universal quantifiers in the second conjunct). In all these cases, the ambiguity of the first conjunct is lost in the ellipsis context.

Thus, Fox provides a proof that scope shift is not a free operation. Rather, it is an operation that violates some condition of the Computational System (CS), but this condition can be eased, if applying scope shift is required by interface needs. What it means then, is that applying this operation needs to be checked against the interpretative effects it produces.

Opinions vary regarding what condition of the Computational System is violated by scope shift. Fox argues that it is the Minimal Link Condition (MLC).  Following the tradition in the LF theory of the Principles and Parameters framework, and of Heim and Kratzer (1998), Fox assumes that all non-subject quantified NPs necessarily undergo QR at LF.  Whether their final scope would correspond to their overt position or not depends on where they move to at LF.  On this view, the narrow scope interpretation of every patient in (13), repeated below, is obtained by raising the quantified object just to the VP, as in (21a). (This is the position proposed for raised VP internal quantifiers in May, 1985).  The wide scope of every patient is obtained by movement to the topmost IP position, as in (21b).

13)
A doctor will examine every patient.  

21)
a.
A doctor2 [e2 will [VP every patient1 [VP examine e1]]]


(There is a doctor x, such that for every patient y, x will examine y)

b.
Every patient1 [a doctor2 [ e2 will [VP examine e1 ]]


(For every patient y, there is a doctor x, such that x will examine y)

Assuming that a quantified VP-internal argument can adjoin either to VP or to IP to be interpreted, the MLC should determine that only the first is allowed in practice, since the link between the quantifier and its trace is shorter in (21a) than in (21b).  Thus, scope shift, which is obtained by longer QR movement than required, violates a condition on syntactic movement.

An alternative, proposed in Reinhart (1995, 2006) is that, more broadly, QR is an illicit operation violating the prohibition against covert movement not required for convergence. In Reinhart (2006), I argue that this prohibition reflects a broader economy principle - Minimize interpretative options, which prohibits expanding (covertly) the set of interpretations associated with a given PF. On this view, there is no covert movement just for the interpretation of quantifiers.
 The only circumstances where further covert movement must be assumed is when the scope of a given quantified DP is not identical to its scope at the overt syntactic structure. But such movement violates the economy principle.

For our purpose here, suffice it to note that under either implementation, scope shift is viewed as an illicit operation. But since the operation itself is available to the CS (as just an instance of move), it can still apply as an adjustment to interface requirements. Implementing this intuitive idea entails that applying a scope shifting QR requires the construction of a reference set of competing derivational options. Each member of this set is itself a pair <d,i> of a derivation and its interpretation.  Suppose we consider applying scope-shifting QR to (22), which underlies (20b).  Abstracting away now from VP internal QR, The reference set is (22a,b).

22)
Lucie will examine every patient.

<
a.
<Every patient1 [Lucie  will [VP examine e1 ]]



  For every patient x, Lucie will examine x>



b.
< Lucie will  [VP examine every patient]

   For every patient x, Lucie will examine x>
>

Since this set contains the <d,i> pair (22b) with the same interpretation as (22a), but without the application of the illicit operation, the derivation (22a) is ruled out. For (23), which underlies (19b), the reference set that needs to be checked, if the scope shift derivation (23a) is considered, is (23a,b).

23)
A nurse will examine every patient.

<
a.
<Every patient1 [a nurse will [VP examine e1 ]]


For every patient y, there is a nurse x, such that x will examine y>


b.
<A nurse will [VP examine every patient]]



There is a nurse x, such that for every patient y, x will examine y>
>

But (23b) does not have the same interpretation as (23a), so (23a) is not excluded.

Applying a scope-shifting QR, then, requires the construction of alternative derivations and the computation of a reference-set. In terms of processing, this is a costly computation because it requires holding more than one representation in working memory. Indeed, in a series of real time comprehension experiments, Anderson (2004) discovered that scope-shift has a measurable processing cost, consuming more processing resources than derivation without such shift.  In Reinhart (2004, 2006), I argue that reference-set computation exceeds the processing ability of children, specifically the limitations of their working memory, which is not yet as developed as adults. This is witnessed in three other areas where this computation is involved (though no experimental findings are available yet on the specific area of QR).  

3.2. The size of the reference set

Returning to numeral indefinites, even a brief checking of the problematic derivations in sections 1. and 2. reveals that the reason that scope-shift is ruled out cannot possibly be that the same interpretation is obtainable without QR. QR is the only way to obtain the relevant reading, and furthermore, we saw that there is a very good contextual reason to want to apply QR here. But I will argue that the reason why the relevant readings cannot be derived, despite this fact, is that the computation involved in deciding the matter is too costly. The need to construct and compare a reference set is costly to begin with, as we just saw.  However, in the standard cases of the type examined in section 3.1, this is a cost that at least adult speakers can bear. An aspect of the computational cost that has not been considered so far is the size of the reference-set. There may be a limit to how much even adults can hold in their working memory while attempting to satisfy the interface requirements.  

To see this, recall the procedure of constructing a reference set. When the option of applying the illicit covert movement operation is considered, we need to construct a <d,i> pair of the intended derivation.  We then need to find out whether the same i(nterpretation) is not available without applying QR, namely whether the same interpretation cannot be associated with the overt derivation.  Strictly speaking, the only way to find that out is by running through all the interpretations of the overt derivation. This task is sometimes relatively simple, as in the case of (24). (In this section, I will use occasionally more formal representations of the interpretation than I used before, using the choice-function mechanism of Reinhart (1997). But nothing hinges on this specific choice of mechanism.)
24)
A flag was hanging in front of every building.


a.
A flag was hanging in front of every building.



(f (CH (f) ( (z (building (z) ( f(flag) was hanging in front of z))


b.
[every building] [a flag was hanging in front of e] 



(z (building (z) ((f (CH (f) ( f(flag) was hanging in front of z))

25)
A student read every book.

In (24), the only scope construal possible at the overt structure is with the universal quantifier in the scope of the existential, as in (24a). To apply scope shift, the two <d,i> pairs considered, then, are (24a) and (24b).  Since the interpretations are distinct, nothing rules out (24b).  In this case, the evaluation of whether QR is permitted requires considering a minimal number of just two <d,i> pairs. This is a standard cost of reference-set computation. Whether scope-shift is easy to obtain in such derivations depends only on the contextual needs.  Since in (24) world knowledge disfavors the overt scope construal, the reference set is constructed and the scope-shift construal admitted. Obtaining this scope shift in (25) requires precisely the same steps and reference set. However, since there is nothing in the context that would lead us to attempt a scope shift to begin with, the option would not arise in isolation, which accounts for the feeling that it is harder to obtain in this case. 

But let us now look at the computation that scope shift requires in a derivation with two plural numerals, such as (26a), which has been the problem under consideration here. 

26)
a.
Two flags are hanging in front of three buildings


b.
[three buildings] [two flags were hanging in front of e]

We are considering whether the QR derivation (26b) is allowed. For this, it is necessary to check whether the interpretation it would generate is not available also without applying this illicit operation. In order to determine this, all scope construals possible in (26a) need to be listed and checked. It turns out there are quite a few of those. For ease of presentation, let us view them informally.

First, there is the choice function (collective) interpretation of both indefinites, which is summarized in (27a). (In fact, (27a) stands for two equivalent representations, a point I return to it directly.) In this construal the situation involves two flags and three buildings.

27)
a.
Choice functions: 



There is a set x of two flags and a set y of three buildings, such that x is hanging in front of y. (two flags, three buildings)



Distributive subject:


b.
There is a set of two flags, such that for each flag x in this set, there is a set y of three buildings, and x is hanging in front of y. (two flags, six buildings)


c.
There is a set of three buildings y, and a set of two flags such that each flag x in this set is hanging in front of y. (two flags, three buildings)

Next, the overt derivation (26a) allows also a distributive interpretation of the subject, where each member of the two flags set is considered. I assume (as in 

Reinhart 1997 and others) that this option requires no further covert movement.  Distributivity is just an interpretative procedure that applies to the overt structure. So it is one of the interpretations of (26a) that need to be considered.  The internal three buildings can only be interpreted via a choice function (collectively). But the existential closure of the function variable can be either inside or outside the scope of the distributive subject. There are, thus, two scope construals under the distributive interpretation of the subject. In the narrow closure in (27b), the situation involves six buildings. The wide closure in (27c) ends up equivalent to (27a), but to see that, it had to be listed and computed. 

With all these interpretative options activated and stored, we may turn to evaluate the output of the illicit QR in (26b).  In principle, the moved three buildings  in (26b) could be interpreted collectively, via a choice function. This <d,i> pair, however, would be filtered out, because the interpretation is equivalent to what could be obtained without QR, in (27a), or (27c).  But the interpretation that could motivate QR here, is (28b), in which three buildings is distributive. 

28)
a.
[three buildings] [two flags were hanging in front of e]


b.
There is a set of three buildings such that for each building x in this set, there is a set y of two flags, and y is hanging in front of x (six flags, three buildings). 

This interpretation is indeed distinct from all the others. It is the only one that allows the situation associated with the sentence to involve six flags. So, applying QR here is very well motivated, and the derivation should be allowed.

But while in the case of (24), concluding that QR is allowed required holding and comparing two <d,i> pairs, here the same procedure requires holding four such pairs (in fact, five, as we shall see directly). This may be just too much for the human processor. The difference in the processing load imposed by (24) and (26) is substantial enough to suggest that the problem with obtaining scope shift in (26) is a problem of processing. Since the reference set required for (26) is too big, the computation cannot be completed, so scope shift cannot be approved.

The crucial complexity factor is the availability of a distributive interpretation of the subject in the given derivation, combined with a plural-numeral internal argument, of the choice-function type. This combination always adds two members to the reference set. All the facts we discussed above now follow:  If the subject is a singular indefinite, as in the sentences of (4) (e.g. A flag was hanging in front of two buildings), no distributive interpretation is possible, so these two extra members are not generated. The same is true when the distributive construal is otherwise not easily available, as with bare plural subjects, or the examples of  (9b) and (10), repeated, where the subject does not allow a distributive interpretation.

9)
b.
Three identical flags were hanging in front of two buildings.

10)
a.
Two simultaneous questions confused fifteen subjects in the experiment. (The others did fine with two simultaneous questions.)

b.
Ten matching answers brought two couples to the final round [in a televised couples-contest].
c.
Two subsequent meetings took place in three offices.

It is also clear why subjects that can in principle be distributive cause a problem in such configurations regardless of whether they are in fact interpreted distributively. The logic of the system is that to determine whether scope shift is allowed, all scope construals in the derivation must be checked, to verify that the desired interpretation is not already available without QR.  There is no other way to formally verify this, but running through all scope interpretations of the given derivation.  The only case a derivation is exempt from this construal is when it is clear that in this specific derivation the subject cannot have the distributive reading.  The other instance of such exemption that we observed was (11), repeated.  

11)
a.
Four guests sleep in two rooms.


b.
Four guests sleep together in two rooms.

The derivation in (11a) follows the steps examined for (26), and scoping out two rooms is blocked for the same reason of a processing load too heavy to determine.  But in (11b), with precisely the same subject, the distributive option is ruled out by the collective adverb together. The fact that the subject could be distributive in another derivation, without this adverb, is not relevant, because what we need to consider is the set of possible scopal interpretations of the given derivation.  While the distributive interpretation of the subject is in the set for (11a), it is not in the set for (11b).  

It is important to note that considering the full set of possible scopal interpretations is only required when one contemplates applying a scope shifting QR. On the choice function analysis of indefinites, scope shift does not apply to capture the standard (collective) wide scope of indefinites in the VP. So scope shift is only required for VP-internal numerals that need to obtain distributive wide scope.  Under this view, the fact that (26a) and (11a) allow multiple scope construals, or that they are (two way) ambiguous, is not, itself, relevant when the derivation is used at the interface (without the application of QR). Disambiguating, or selecting the interpretation appropriate to context, is an altogether different procedure. There is no need to assume that the full set of options needs to be considered. Thus, what I said here does not entail that (26a), without QR, is more complex or difficult to process than (24) (with a singular indefinite subject and a universally quantified object). The only entailment is that the QR interpretation is relatively easy to process in (24), but it cannot be processed in (26) and (11a).

The comparison of (24) and (26) represents two edges of a spectrum of possible reference-sets for QR. A two member-set is relatively easy; a set with four or five members is unprocessable. In between there are other options, where the situation may be less clear.     

Thus, let us compare the computation involved in (24), repeated, with (29), where a  plural indefinite replaces every building.

24)
a.
A flag was hanging in front of every building.




(f (CH (f) ( (z (building (z) ( f(flag) was hanging in front of z))


b.
[every building] [a flag was hanging in front of e] 



(z (building (z) ((f (CH (f) ( f(flag) was hanging in front of z))

29)
A flag was hanging in front of two buildings.


a.
A flag was hanging in front of two buildings.



(fi (CH (fi) ((fj (CH (fj) ( fi(flag) was hanging in front of fj(two building)))



(fj (CH (fj) ((fi (CH (fi)  (fi(flag) was hanging in front of fj(two building)))


b.
[two buildings] [a flag was hanging in front of e]

30)
a.
There is a flag x, such that there is a set of two buildings y and x was hanging in front of y.


b.
There is a set of two buildings y such that there is a flag x and x was hanging in front of y.

In (29a) both arguments are interpreted with a choice function. Technically, this means that the overt derivation allows two scope construals, depending on where existential closure is applied. This is only a matter of which closure is in the scope of the other, as given in (29a). For convenience, an informal representation of the two options of existential closure is given in (30).  The two construals are equivalent, of course, but strictly speaking, if the reference set must include all scopal interpretations of the overt derivation, both options need to be checked. Scope shift adds the QR derivation in (29b). This derivation would be filtered out if two buildings is interpreted collectively, but here it is interpreted distributively, so the derivation is allowed.

The upshot is that while the reference set for scope-shift in (24) includes two <d,i> pairs, but the one for (29) includes three such pairs. This is also the reason why the reference set for the three flags and two buildings example in (26) includes five members, and not four as assumed above, for brevity: The collective construal of the DPs corresponds to two representations.  

Does this difference in the size of the reference-set for scope shift in (24) and (29) have a processing effect?  It seems impossible to trace any difference regarding the ease of obtaining scope shift in these sentences. But this is also the context where world knowledge strongly favors scope shift.  Recall that the theoretical verdict in some of the literature we started with (following Ruys 1992) has been that plural numeral indefinites cannot scope out at all, independently of what the subject is.  This must have been based on observing some actual difficulties with scoping them out also when the subject is a singular indefinite.  If we move to a context that does not force an interpretation so strongly, there seems to be a difference in the ease of scoping out between the two types of DPs. 

31)
a.
A tablecloth covers every table.


b.
A tablecloth covers two tables.

32)
a.
A doctor will examine every patient.


b.
A doctor will examine twenty patients.

In an informal checking with non-linguists, my informants interpreted (31a) as involving a separate tablecloth for each table. But the first interpretation of (31b) was with one tablecloth for both tables (though it was possible to convince them that there could also be two separate tablecloths). This is a context that still has a slight preference for the scope-shift construal (since it is more common for tables to be covered with individual tablecloths). In the context of (32b), with no preference imposed whatsoever, it is much harder to imagine the situation as involving more than one doctor.  It is not completely impossible, as it is in the two numerals examples, but it takes lots of efforts to construct a context that would enable that interpretation. (E.g. that in the emergency room patients were first examined and screened by interns, who decided that 20 patients require a doctor's attention.)  Thus, there seem to be indeed a slightly greater difficulty with scoping out numeral indefinites, and I cannot offer more regarding why it is sometimes more difficult than at other times.   

Another indication that it is the size of the reference set that determines the ease of scope-shift comes from examining the modified numerals like more than five, less than five, or at least five. Such numerals are not interpretable by choice functions (as argued in Reinhart (1997)). Kamp and Reyle (1993), as well as many others argue that they are interpretable only as generalized quantifiers. For this reason, they do not have multiple scope construals in situ. So, given our present assumptions, their scoping out should be easier than that of bare numerals in such contexts. This seems indeed to be the case (based again on informal checking with non-linguists).

33)
a.
A tablecloth covers two tables.


b.
A tablecloth covers at least two tables.

34)
a.
A doctor will examine twenty patients.


b.
A doctor will examine less than twenty patients. 

While in (33a) the preferred interpretation involved one tablecloth, in (33b) my informants preferred the construal with at least two tablecloths, namely the scope shift reading.  In the context of (34), which does not impose contextual preferences, it is much easier to perceive the scope shift reading (not necessarily the same doctor) in (34b), than in (34a). 

The reason for this difference is that for the bare plural numerals, like two tables different scopes can be obtained by applying closure at different projections, without moving the DP. But for generalized quantifiers, scope wider than their overt position can be obtained only by movement.  This means that when considering their covert movement, the reference set would be identical to the cases of (24), with an internal universal quantifier. It contains only two members - the scope construal in situ, and the scope construal after movement.  Hence their ease of scoping out should be identical to that of universal quantifiers, which appears to be the case. 

Returning to reference sets with three members, they are found also when a generalized quantifier is scoped over a bare numeral indefinite subject.  This is because the subject has in this case two construals - collective and distributive, so the overt derivation comes with two members already in the reference set, which results, together with the QR derivation, in a three members set. One such example is (35). I am admittedly biased regarding this sentence.  In Reinhart (1976) I used it to argue against the idea of QR, claiming that there is no scope shift reading in this sentence.  I still find this reading difficult to get (harder than with a singular indefinite).

35)
Some tourists visited every museum. 

Another prediction of the processing analysis is that if more than one indefinite argument is present in the derivation, scoping out, say of a universal quantifier, becomes harder.
 For example, scoping out every guest in (36b) is predicted to be harder than in (36a) (-harder to obtain an interpretation involving different ushers for different guests).

36(
a.
An usher directed every guest to his sit.

b. An usher gave a program to every guest.

The reason is that the reference set for scope shift in (36a) is the standard two – members set, but in (36b), there is another indefinite (a program).  This one can be existentially closed either inside or outside the existential scope of an usher.  So the derivation without QR has already two interpretative representations (which are equivalent, but nevertheless need to be computed). Adding the QR construal, the reference set for (36b), then, has three members.  The difference in the ease of scoping out is not necessarily dramatic, but it is similar to the other instances of difference between processing two and three-members reference sets.
 
Nevertheless, we should not attach too much significance to the difference between a two-members reference set and a three-members set.  There may be a slightly greater processing difficulty associated with the second, but it is also obvious that a three members reference set is not beyond the processing ability of adults, and many other contextual factors may have a bigger effect on the ease of obtaining scope shift in this case, than the size of the reference set.

The crucial distinction we observed in this section is that between the five-members sets (with two or more bare numeral indefinites) and the reference sets with two or three members. The first mark a real limitation of the human processor, so contextual factors can do very little to save scope shift in such cases.

In conclusion, approaching the problem of scope shift of indefinite numerals with syntactic restrictions requires, as we saw, substantial complications of the Computational System, and still fails empirically to capture all the facts. This is to be expected if the problem at hand does not belong to syntax. Viewing the problematic instances as processing failures gets closer to capturing the facts. The cases defined as ill formed by the syntactic approach require a reference set that exceeds working memory capacity. Differences in the ease of obtaining (acceptable) scope-shift, may follow from the size difference of their reference-sets, even within the processable limits.
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� A certain problem with this account is that the MLC itself is no longer assumed to be a general condition of the CS. The MLC, which was assumed at the early stages of the Minimalist Program (Chomsky 1992, 1994) requires a comparison of alternative derivations, to determine which is the shortest link possible. But it was later found out that all the syntactic effects believed to follow from this condition are derived by the 'attract' condition which does not require such a computation (Chomsky (1995), chapter 4). To maintain Fox's implementation one needs to assume that the MLC is nevertheless operative, but only in interpretative areas.





� The theoretical preference in linguistics has been to code everything needed for the interpretation already in the syntax. On this view, if the logical representation of VP internal quantifiers requires some lambda abstraction, the variables needed for the λ-operator should be available in the syntactic (LF) representation, which would be obtained by applying QR (see e.g. Heim and Kratzer 1998). Though it is easy to see why this is convenient, it is not the only conceivable solution to this problem. Another possibility is that the (independent) system of logic that accesses syntactic derivations may apply its own computations to interpret them, whether by inserting λ-predicates as in the Montague tradition, or by other means of type shifting available to logical syntax. On this view, what makes the representation legible to the logic system is the lexical semantic properties of the DPs (that includes their semantic definitions), but the rest of the semantic computation is carried out at that system, and not at the CS. 


 





� I thank Anne Zribi-Hertz for pointing this implication out to me. 


� By the same logic, adding an indefinite argument to a sentence with a numeral indefinite should make it impossible to scope out the numeral. 





i)	a.	A doctor will examine twenty patients


A doctor will give a tranquilizer to twenty patients.





As we saw, scoping out twenty patients in (ia) requires already computing a three-members reference set. The additional indefinite in (ib) turns the reference set to be a four or more members set, which is unprocessable. 











