Sentence

Processing

Time flies like an arrow. Fruit flies like a banana.
MARX

When people speak, they produce sequences of words. When peo-
ple listen or read, they also deal with sequences of words. Speakers
systematically organize those sequences of words into phrases,
clauses, and sentences. When listeners try to comprehend those
sequences, they have to determine how the sequence of words is
organized, and use this information to recover the speaker’s
intended meaning. Language scientists investigate how people
organize words before and during speaking and how listeners and
readers use cues to figure out how words in sentences relate to one
another. The cues that speakers and writers produce in sentences
are vital in enabling listeners to recover the intended message. The
study of syntax involves discovering the cues that languages provide
that show how words in sentences relate to one another. The study
of syntactic parsing involves discovering how comprehenders use
those cues to determine how words in sentences relate to one
another during the process of interpreting a sentence.

Here’s an example of how the organization of words into phrases
can affect meaning (see Pinker, 1994; see also Bever, 1970; Columbia

Press, 1980):
(1) Dr. Phil discussed sex with Rush Limbaugh.
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Sentence Processing

Listeners (and readers) could mentally organize the words in this sentence in at least two
distinct ways, and the way the sentence is organized determines what it means. The
likely intended meaning happens when readers treat the prepositional phrase “with Rush
Limbaugh” as being closely related to the verb discussed. This meaning would fall out of
the following hypothetical conversation (Conversation 1):

You: Who did Dr. Phil have on his radio show this morning?

Me: He had Rush Limbaugh on the show.

You: What did they talk about?

Me: They talked about sex. Dr. Phil discussed sex with Rush Limbaugh.

In this conversation, the critical thing that the listener needs to do is to package discussed
and sex together, as in Dr. Phil (discussed sex) and the listener needs to tie that whole
thing to with Rush Limbaugh. We could paraphrase that meaning as, “Dr. Phil had a
discussion with Rush Limbaugh; the discussion was about sex.”

The other way to organize the sentence involves treating the prepositional phrase
with Rush Limbaugh as being closely related to the noun sex. This other meaning would
emerge from a conversation like this one (Conversation 2):

You: Who did Dr. Phil have sex with?
Me: Dr. Phil had sex with Rush Limbaugh.
You: I don'tbelieve you.

Me: Really. He talked about it afterwards. Dr. Phil discussed sex with Rush
Limbaugh.

You: !

If we wanted to draw a diagram that depicts the different ways that we could organize the
words in Dr. Phil discussed sex with Rush Limbaugh, we could use a phrase structure tree
(or tree diagram). Phrase structure trees can seem complicated, but they are really just a
handy way of showing how words in sentences relate to one another.!

Every sentence has to have a noun phrase (NP) and a verb phrase (VP). So the top of
our phrase structure tree will have an “S” (for sentence), and below that, we will have an
“NP” (for noun phrase) and a “VP” (for verb phrase), like this:

(2) g

G e

NP VP

This part of the diagram shows that we have a sentence, and that the sentence consists of
one NP and one VP. In a phrase structure tree, the labels, like NP, VP, and S, are called
nodes and the connections between the different nodes form branches. The patterns of
nodes and branches show how the words in the sentence are grouped together to form
phrases and clauses.

In sentence (1), the leftmost NP will consist of Dr. Phil no matter what meaning is
assigned, so let’s go ahead and add that to our tree below the NP node.

(3) s
/\
NP VP
Dr. IPhi[
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The important differences in the structure of sentence (1) all occur inside the VP node.
The meaning that Conversation 1 expresses involves with Rush Limbaugh modifying the
meaning of discussed sex. To express that relationship, we need to organize our VP node
so that with Rush Limbaugh is assigned as a modifier of the verb discussed. We can do
that by organizing the VP like this:

4) VP

v NP PP

By

discussed  sex with Rush Limbaugh

(The “PP” stands for prepositional phrase. Words like with, of, in, and so forth are called
prepositions.)

If we want to get the meaning in Conversation 2, we need to organize the VP differ-
ently. We have to put with Rush Limbaugh and sex together. We can do that using a
structure like this one:

(

5) VP
\' NP
N PP
discussed  sex  with Rush Limbaugh

Now that we have our VP diagrams sorted out, we can build two different trees, one that
captures the meaning in Conversation 1 (6a) and one that captures the meaning in

Conversation 2 (6b):

(6) @
/s\
[ /T\
\' NP PP
Dr. Phil discussed sex with Rush Limbaugh
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Sentence Processing

(b)
/§\
NP vpP
v NP
N PP
Dr. Phil discussed sex with Rush Limbaugh

Although there is more to sentence processing than just figuring out which words go
together to make phrases, language scientists have learned a great deal about the mental
processes that people use to interpret sentences by studying globally ambiguous sen-
tences like (1). Globally ambiguous sentences have sequences of words that can be
organized in more than one way, and those different ways of organizing the sentence are
all consistent with the grammar of the language.

Are ambiguous sentences like (1) harder to understand than less ambiguous sen-
tences that express about the same meaning? In other words, does ambiguity impose
processing costs on the listener (or reader)? The short answer to this question is: Yes,
sometimes ambiguous sentences lead to longer reading times, lower comprehension
accuracy, and different patterns of brain activity than unambiguous sentences that mean
the same thing (see Brothers et al., 2021; J. C. Trueswell et al,, 1994; Frazier and Rayner,
1982; Kutas et al., 2006). The longer and more complicated answer to the question is:
There are cases where ambiguity doesn’t produce noticeable processing costs, and ulti-
mately processing costs depend on a variety of factors, including what information the
listener has just processed and what contextual information is available. Let’s start with
the straightforward cases and come back to the tricky ones later.

How do we know that ambiguous sentences impose processing costs on the listener or
reader? One thing we can do is measure how much time it takes for someone to under-
stand a sentence that is ambiguous, and compare that to how much time it takes for some-

one to understand a sentence that is unambiguous. Most of the time when language
scientists do this they are investigating sentences that are only temporarily ambiguous.
Temporarily ambiguous sentences contain a sequence of words that can be configured in
more than one way, but the sentence as a whole has only a single grammatically licensed
or acceptable structure. (In fact sentences like (1) that are completely ambiguous are rare.)

Here’s an example of a sentence that is temporarily ambiguous (from Frazier and
Rayner, 1982; see also Adams et al., 1998; Ferreira and Clifton, 1986):

(7) While Susan was dressing the baby played on the floor.
Compare (7) to the unambiguous (8):
(8) While Susan was dressing herself the baby played on the floor.

Sentence (7) is temporarily ambiguous because where, exactly, the first clause ends is n«
entirely clear. It could end after the baby, but it really ends after dressing. Listeners (an
readers) need to figure out whether the NP the baby is supposed to go with the precedir
Susan was dressing, as in Susan was dressing the baby, or whether the baby starts a ne¥
clause, as in Susan was dressing (herself) and the baby played on the floor. In (8), t¥
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sentence is unambiguous because herself closes off the subordinate clause “While Susan
was dressing herself” and there is no way to put the baby in that clause,

In sentence (7), listeners have to figure out whether the baby goes with Susan was dress-
ing or starts up a new clause. Do they come up with the correct solution right away? Or do
they make mistakes? Alternatively, in cases of uncertainly, do they delay making any deci-
sion until they have enough information to be certain that they are correct? We can find
out by measuring processing time during critical parts of the sentence. In general, the
greater the processing load that part of the sentence imposes, the longer it takes people to
understand part of a sentence. So, which parts of sentence (7) are difficult to process?

When reading times for different parts of sentence (7) are measured, they show that
there are no major increases in processing load during the ambiguous part. That is, read-
ing times for the baby are about the same whether the sentence is ambiguous or not
(Frazier and Rayner, 1982; Traxler, 2002, 2005). Readers get through While Susan was
dressing the baby just as fast as the equivalent parts of the unambiguous sentence (8). So
ambiguity, in and of itself, is not a huge burden on the listener or the reader. Where peo-
ple do slow down is at the verb played. People have much more trouble processing played
in sentence (7) than they do in sentence (8). Why is that? And what does it mean?

It means a couple of things. First, it means that listeners and readers are making deci-
sions about how to organize words into phrases and clauses before they have enough
information to be certain of making the correct decision. This means that, in sentence
processing, just as in word processing, listeners and readers follow the immediacy prin-
ciple and use an incremental processing strategy as they encounter each word (Foss and
Hakes, 1982; Just and Carpenter, 1980). The immediacy principle says that people do as
much interpretive work as they can based on partial information and making possibly
incorrect assumptions, rather than waiting until they have all the information they need
to be certain of making the correct decision. Second, it means that making structural
choices, by itself, is not very difficult to do. If it were, people should slow down at points
of sentences where more structural choices were available to them, and this does not
seem to be the case. Finally, it means that when people have a choice of different struc-
tures, they sometimes make the wrong choice. If they always made the correct choice,
then there should be no problem processing any part of sentence (7). The fact that read-
ers slow down at the verb played suggests that something special is happening at that
point of the sentence. What might that be?

One explanation is that, during the beginning of the sentence (While Susan was dress-
ing the baby), listeners and readers treat the baby as the thing that is being dressed, they

include the baby in the same clause as Susan was dressing, and this leads to processing
problems shortly thereafter. To interpret the sentence that way, listeners need to build a
structure like that shown in (9):

9) S

Complementizer

While Susan  was dressing the baby played on the floor

Sentence Processing E
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Sentence Processing g

If the beginning of the sentence is packaged as shown in (9), then the verb played has no
subject (the verb was dressing has, metaphorically, stolen the baby away from its rightful
owner). If the baby is assigned or attached to the verb was dressing, there is no grammati-
cally acceptable or legal way for the listener to incorporate the verb played into a single
sentence with While Susan was dressing the baby ... The solution to this dilemma is for
the comprehenders to undo their original structural commitments—in other words, to
take the baby away from was dressing and give it back to its rightful owner played. To do
that, comprehenders must adopt or build a syntactic structure like that shown in (10):

(10) s

Complementizer S S
NP /VP NP VP
v N v PP

P

While Susan was dressing the baby played on the floor

This correct structural configuration then leads to the correct meaning being assigned,
Susan dressed (herself) and the baby played on the floor. Notice that baby-stealing is not
possible in sentence (8), and so there is no need to do the mental work of disconnecting
dressing and the baby, no need to unmake structural decisions, and no need to revise an
incorrect structure. (herself fills the object role in (8) that the baby tries to fill in (7)).

Language scientists have investigated a wide variety of garden path sentences, and
they have consistently found that sentences like (7), where listeners initially build one
syntactic structure (e.g. (9)) and later replace that structure with another (e.g. (10)), are
harder to understand (take longer and lead to more errors of interpretation) than
equivalent sentences that are unambiguous (Britt, 1994; Ferreira and Clifton, 1986
Frazier and Rayner, 1982; Fujita, 2021; Konieczny and Hemforth, 2000; Phillips et al.
2005; Pickering and Traxler, 1998; Rayner et al., 1983; Altmann and Steedman, 1988:
Trueswell et al., 1993). They have therefore spent a lot of time developing theories that
explain how, exactly, people react to garden path sentences and what, exactly, makes
them difficult to process.

To predict and explain which sentences will be particularly difficult to process, lan-
guage scientists appeal to the concept of syntactic parsing. Syntactic parsing is a mental
process or set of processes that takes sequences of words and organizes them into hier-
archical mental structures (similar to those in the preceding diagrams). Note that the
mental representations that people build don't have to be literally “trees in the head” +
number of equivalent representational schemes are possible, and ultimately the relevan:
structural information is physically represented as patterns of firings in large popula-
tions of neurons. (Some theories assume representations like the phrase structure trees
earlier, and they don't worry about how neurons work at all; other theories are far mose
concerned about how populations of neurons respond to different sentences, and the:
do not worry about how, exactly, those sentences would be represented by tree diagrams.
The really important thing is that the parser determines how words in sentences relate ©
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one another. The syntactic structures, and our diagrams, are just a way of keeping track
of these relationships. A syntactic parser, or simply parser, is a mechanism that carries
out processes that identify relationships between words in sentences. Many different sets
of processes could accomplish the task of organizing sequences of words into hierarchi-
cal structures. Language scientists would like to find out which specific set of processes
people actually use when they parse sentences. The next section of this chapter will
explore some of these accounts, starting with Lyn Frazier’s classic garden path theory.

Models of Parsing: Two-stage Models

Sentences like (7) metaphorically lead you down the garden path and leave you stranded
there so that you have to make your way back and choose a different path. So they are
often called garden path sentences. The idea that listeners build the wrong structure for
some temporarily ambiguous sentences (such as sentence (7)) while they are processing
the ambiguous part, discover their error when they get to the disambiguating informa-
tion (e.g. played in (7)), and then revise their initial syntactic (structural) and semantic
(meaning) commitments sits at the core of the garden path approach to sentence pro-
cessing and interpretation (Frazier, 1979, 1987). Frazier’s garden path theory is consid-
ered a two-stage model of syntactic parsing because she proposes that syntactic parsing
takes place in two distinct processing stages or steps. In the first stage, the incoming
sequence of words is analyzed to determine what categories the words belong to (catego-
ries correspond to parts of speech, such as noun, verb, preposition, and so on). Once the
categories have been identified, the parser can build a syntactic structure for the
sequence. Note that no other information besides word category information is used in
the initial structure-building process. The parser does not care which particular words it
is looking at—it only wants to know what categories are represented in the input. In the
second stage of sentence interpretation, standard meaning is computed by applying
semantic rules to the structured input. Next, let’s look at the two proposed stages of pro-
cessing in a bit more detail.

In the first stage, a lexical processor identifies the categories that are represented in
the input, and its output is fed into the syntactic parsing mechanism (see Figure 4.1). If
we feed the sentence While Susan was dressing the baby played on the floor into the lexical
processor, it will output this sequence of categories:

conjunction-noun-verb-determiner-noun-verb-preposition-determiner-noun

The parser can build a syntactic structure for this string of categories without knowing
what specific words are actually represented in the input. Once a syntactic structure has
been built, the actual words in the sentence can be assigned positions in the tree (as in
(10), and the entire configuration can be sent to a thematic interpreter. The thematic
interpreter’s job is to apply a set of rules that assigns roles to each of the elements in the
syntactic tree, based on their position in the tree and how they are connected to other
words. For example, grammatical subjects are treated as being old or given information,
and the system prefers to treat them as the initiator of the action described in the clause.
If the thematic interpreter produces a meaning that makes sense, is consistent with the
listener’s prior knowledge or assumptions, and can be readily integrated with preceding
sentences in the discourse, then the process of interpreting the sentence ends and the
listener can move on to the next one. If the thematic interpreter produces a meaning that
lacks one or more of these qualities, one remedy is to send a signal to the syntactic parser

Models of Parsing: Two-stage Models a
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Figure 4.1 The garden path model of syntactic parsing

that prompts the parser to try to find an alternative structure for the sequence of words
(and note that for the parser, unlike NASA, failure is always an option).

Garden path theory assumes that the parser begins to build a syntactic structure as
soon as the lexical processor begins to deliver information about word categories. The
thematic processor also appears to work on a word-by-word basis (Brothers, 2022). That
is, semantic interpretation does not wait until the end of a phrase or a clause—listeners
monitor the meaning of utterances constantly as they are processing those utterances,
and the process of interpretation will slow down or stop as soon as listeners detect either
syntactic or semantic problems with the input.

According to garden path theory, it is this rush to interpretation that sometimes leads
people astray. Because structural and semantic decisions are made on a word-by-word
basis, the parser is forced to choose between alternative structures when more than one
structure is compatible with the input (rather than delaying a decision to collect more
evidence). So the parser often chooses which structural option to pursue before it has
definitive information about which structure is actually required. The parser often
makes the correct decision, but, as we saw in example sentence (7), sometimes it does
not. When the parser makes an incorrect decision, the structure that it built initially has
to be undone, and processing is disrupted.

Two important consequences follow from these assumptions: First, for garden path
theory to work as a general theory of parsing, it needs to explain how people make
choices when more than one syntactic structure is possible. Second, for garden path
theory to work as a theory about how people parse sentences, there should be evidenc:
that people have problems at just those points in sentences where garden path theory
says structural reanalysis is taking place. (It is also possible that garden path theory could
claim that the act of making a structural choice imposed processing costs, but as we
noted before, there is little or no evidence that making structural decisions, by itselt
leads to any significant processing difficulty.)

So, according to garden path theory, how do people decide which structure to builé

when more than one structure is grammatically acceptable (or licensed) and consistent |



with the sequence of categories at a particular point in the sentence? First, garden path
theory assumes that people can only build one syntactic structure at a time. That means
that it represents a kind of serial processing system (as opposed to a parallel processing
system, which could build more than one structure at a time). Second, garden path the-
ory says that the overarching principle that the parser relies on is simplicity. That is, the
parser seeks to build the least complicated structure that it can. Pursuing the simpler
structure conveys two main benefits. First, simpler structures take less time to build than
more complicated structures. Second, simpler structures place lower demands on cogni-
tive resources like working memory than more complicated structures do, and reduced
demands on working memory also translates into greater speed.

According to garden path theory, the parser pursues its structure-building goals and
obeys the simplicity principle by deploying processing heuristics, basic rules that can be
applied quickly and consistently, to make decisions about which structure to build at any
given point. Heuristics have some advantages and some drawbacks. The main advantage is
that decisions can be made very quickly on the basis of incomplete information—and peo-
ple need to make sentence processing decisions quickly because language input arrives at a
rate of about 200 words per minute in both speech and reading. The main disadvantage is
that heuristics can lead to incorrect decisions (syntactic structure-building errors). However,
the occasional error that heuristics lead to, and the resulting delay in getting to the correct
interpretation, is outweighed by the overall time savings that heuristics provide.

The classic version of garden path theory proposes two heuristics: late closure and
minimal attachment. Late closure says Do not postulate unnecessary structure. If possible,
continue to work on the same phrase or clause as long as possible. Minimal attachment
says When more than one structure is licensed and consistent with the input, build the
structure with the fewest nodes. More recent variants of the garden path approach postu-
late additional principles, such as the main assertion preference, which says Given a
choice between two structures, build the structure where the new elements relate to the
main assertion of the sentence. Let’s look at how these three rules operate, starting with
the late closure heuristic.

In sentence (7), when listeners get to the NP the baby, they can choose to attach it as
part of the preceding clause, as in: [While Susan was dressing the baby ...]. Alternatively,
they can choose to close off the first clause right after dressing. In that case, the phrasal
organization would look like this: [While Susan was dressing] [the baby ...]. The late
closure heuristic dictates that the first organization will be pursued, because doing so
allows the parser to continue working on the same clause. Pursuing the second organiza-
tion means that the parser has to start building a new clause before there is definitive
evidence that the first clause really is finished. The actual structure of sentence (7) is
incompatible with this initial choice, however, and so additional processing is needed to
revise the structure. Sentence (8) is compatible with the parser’s initial choice (the parser
chooses to put herself in the first clause, which is correct), so no additional processing
takes place. Hence, garden path theory predicts that sentence (7) should be harder to
process than sentence (8), and that prediction has been confirmed in numerous experi-
ments where people’s reading times were measured (e.g. Brothers et al., 2021; Frazier and
Rayner, 1982; Traxler, 2002, 2005). People consistently slow down in sentence (7) when
they get to the main verb played, which is the point where the parser’s initial structural
assumptions are shown to be false.

To look at how minimal attachment works, let’s look at a sentence that is similar to
sentence (1), but where semantic (meaning) information forces an interpretation like
that diagrammed in (6b).

(11) The burglar blew up the safe with the rusty lock.

Models of Parsing: Two-stage Models a
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Here, semantic information forces people to adopt a structure like (6b) because safes can
have rusty locks, but you can’t use a rusty lock to blow up a safe. In a sentence like (12},
people adopt a structure like (6a) because you can use dynamite to blow up a safe.

(12) The burglar blew up the safe with the dynamite.

Look at (6), and count the number of nodes that it takes to represent the intended mean.
ing of sentence (11). Notice that (6a) has fewer nodes than (6b). Because minimal attach.
ment says “build the tree with the fewest nodes,” when people listen to sentence (11)
they will build the structure where rusty lock is attached to blew up (rather than safe)
According to garden path theory, when the structure in (6a) is sent to the thematic pro.
cessor with the words in sentence (11), the thematic processor will generate an erro,
message (because it does not make sense to use a rusty lock to blow up a safe). In sen.
tence (12), the minimal attachment heuristic leads to the correct syntactic structure, ang
the thematic processor has no trouble because the parser’s output places dynamite ang
blew up together, and it makes sense to use dynamite to blow something up. (Notice tha
the minimal attachment heuristic also leads to the preferred and non-slanderous inter.
pretation of Dr. Phil discussed sex with Rush Limbaugh.)

When researchers measured how long it took people to understand sentences lik
(11) and (12), they found that people took longer to understand sentences like (17
(Rayner et al,, 1983). Why is this? One possibility is that people really use the minimg
attachment heuristic to make structural decisions. Because the structure that listener,
have to build for sentence (11) is more complicated than the structure that they have t,
build for sentence (12), they initially adopt the simpler structure, and this leads to prot.
lems when the thematic interpreter really needs the more complicated structure (as
does when it processes sentence (11)). Thus, garden path theory has provided two se
of predictions that were confirmed by observing people’s behavior as they processe:
sentences.

Sometimes different sentence-processing heuristics pull listeners in different direc
tions at the same time. For example, the main assertion heuristic operates in cases lik
(13) and (14):

(13) The young woman delivered the bread that she baked to the store today.
(14) The young woman baked the bread that she delivered to the store today.

The main assertion heuristic says, “When you have a choice of where to attach ne
information, attach it so that it goes with the sentence’s main assertion” When listene:
get to the prepositional phrase to the store in (13) and (14), they have to choose wheth:
to attach that phrase to the main verb in the sentence (delivered in (13), baked in (14))«
to the more recently encountered verb (baked in (13), delivered in (14)). The second ve:
is inside a relative clause, which in turn is modifying (providing additional informati
about) the preceding noun bread. The main assertion of the sentence is provided by &
main clause (The young woman delivered the bread), rather than the relative clans
which provides additional, elaborative information. As a result, the main assertion he
ristic predicts that people will have less trouble with sentence (13) than sentence (1
(Can you work out why this should be so?) However, the late closure heuristic makes &
opposite prediction. It says that, when listeners get to the prepositional phrase to
store, they are currently working on the relative clause (bread that she baked/bread &
she delivered). As a result, late closure says that (14) should be easier than (13). (Agz
see if you can work out why this is s0.) In cases like this, garden path theory predicts &
people will have no more trouble processing sentences like (13) than sentences like (-
because, while the main assertion heuristic motivates attaching the prepositional phs
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to the first verb, this preference is canceled out by the late closure heuristic. That
prediction has been confirmed by measuring people’s reading times—reading times are
equivalent for sentences like (13) and (14) (Traxler and Frazier, 2008).

What happens when the main assertion preference is deactivated? That happens
when the prepositional phrase to the store appears in a subordinate clause, as it does in
sentences (15) and (16):

(15) Before the young woman delivered the bread that she baked to the store today, the
clerk stacked the shelves.

(16) Before the young woman baked the bread that she delivered to the store today, the
clerk stacked the shelves.

In (15) and (16), the main assertion is the clerk stacked the shelves, and there is no gram-
matically licensed way to associate the prepositional phrase to the store with the main
assertion. When the main assertion preference is deactivated in this way, garden path
theory says that the late closure heuristic should dominate people’s structural choices. As
aresult, the prepositional phrase to the store should be easier to process in sentences like
(16) than sentences like (15), and this is the pattern that appears in people’s reading
times (Traxler and Frazier, 2008).

Findings like these suggest that the parser deploys heuristics in a flexible way. The
specific heuristics that are used at any given point in time depend on the characteristics
of the sentences that are being processed. So, to predict how people will react to any
given sentence, we need to know what properties the sentence has (what kinds of phrases
and clauses it contains) and we need to know what processing heuristics people will use
for that kind of sentence. One of the advantages of garden path theory is that it makes
fairly specific claims about both of these things, so it is testable and potentially
falsifiable.

Models of Parsing: Constraint-based Models

Now that we have surveyed the garden path model, it is time to explore some alternative
theories. Constraint-based parsing models constitute the most prominent alternative to
two-stage models (e.g. MacDonald et al., 1994; Seidenberg and MacDonald, 2018;
Tanenhaus et al., 1995; Trueswell et al., 1993). There are two critical differences between
the garden path and constraint-based models. The first is that, rather than building one
structure at a time, constraint-based parsers can pursue multiple structural possibilities
simultaneously. Constraint-based parsers oftentimes adopt a parallel distributed pro-
cessing/neural network architecture, similar to the one used by the TRACE model of
lexical processing (e.g. EIman, 1994, 2004; Rohde and Plaut, 1999; Spivey-Knowlton and
Sedivy, 1995; St. John and McClelland, 1992; Stevenson, 1994; Tabor and Hutchins,
2004). Constraint-based parsers represent different aspects of sentences, including their
syntactic structures, as patterns of activation spread across large numbers of intercon-
nected processing units. These groups of processing units and the connections among
them are intended to resemble the functioning of networks of neurons in the brain. As
in the TRACE model, partial and incomplete information can lead to partial activation
of multiple mental representations, so at any given point in a sentence, the neural net-
work could have multiple syntactic structure representations partially activated. The
system as a whole effectively ranks these structural hypotheses, with more activation
being assigned to structures that are more likely given the input and less activation being

{
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assigned to structures that are less likely given the input. An implicit assumption in most
constraint-based accounts is that syntactic structures compete for activation, similar to
what happens at the level of word processing in accounts of lexical access like TRACE
(the competition assumption is made explicit in some versions of constraint-based
processing accounts). The second critical difference between the garden path and con-
straint-based parsers is that the garden path parser relies solely on word category infor-
mation for its inputs, but constraint-based parsers can draw on a much wider variety of
cues to decide what structures to build and the relative emphasis to place on each alter-
native structure. Finally, constraint-based parsers are often referred to as one-stage mod-
els because lexical, syntactic, and semantic processes are all viewed as taking place
simultaneously (as opposed to lexical processing preceding syntactic processing preced-
ing semantic processing, which is the general approach taken by two-stage models).

The following sections explain how constraint-based parsers work and describe evi-
dence supporting the idea that human sentence parsing processes are affected by multi-
ple sources of information in addition to word category information.

Story context effects

To start with, let’s look at a set of studies that caused big problems for the classic garden
path theory (Altmann, Garnham, and Dennis, 1992; Altmann et al., 1994; Altmann and
Steedman, 1988; Crain and Steedman, 1985; Grodner et al., 2005; but see Dempsey and
Christianson, 2022). Recall that the garden path parser only pays attention to word cat-
egory information during its initial attempts to build a syntactic structure for a sentence.
If that is true, then information that appears in preceding sentences should have no
effect on the initial processing of a given sentence.

Let’s look at sentence (11)—The burglar blew up the safe with the rusty lock—again.
When would someone want to say something like this? In particular, why add the infor-
mation about the safe having a rusty lock? Usually, speakers would add this information
because they want to distinguish between one safe (that has a rusty lock) from some
other safe or set of safes (that do not have rusty locks). But when sentence (11) appears
all by itself, listeners have no direct indication that there could be more than one safe.
The sentence only mentions one safe, and the definite article the strongly implies that
there really is only one possible safe (otherwise, the speaker would say a safe). So,
whether the syntactic structure of sentence (11) is complicated or not, the sentence cre-
ates challenges for listeners. In particular, when listeners get to rusty lock, they need to
revise some of their semantic assumptions. They have to change from assuming only a
single safe to assuming at least two safes, and they have to assume that the implicitly
introduced safe or safes do not have rusty locks. These semantic changes must be made
regardless of the syntactic structure that listeners initially build for the sentence.

If that is all true, can we do anything to make sentence (11) easier, without changing
its syntactic structure? The answer is, yes we can. We could tell people ahead of time that
there is more than one safe, using a mini-story like (17):

(17) The burglar was planning his next job. He knew that the warehouse had two safes.
Although one was brand new from the factory, the other one had been sitting out
in the rain for ten years. The burglar blew up the safe with the rusty lock.

What should happen if this mini-story ended with sentence (11)? According to garden
path theory, sentence (11) should still be hard to process because, regardless of what
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happens in the mini-story, the syntactic structure that you need for sentence (11) is still
complicated and hard to build. But according to the referential context account (a specific
version of constraint-based parsing theory), the parser can use contextual information
to decide which syntactic structure it will favor at a given point in time. The referential
context account says, “If you have a choice of structures, build the syntactic structure
that is most consistent with your current semantic assumptions. If you have a choice of
structures, build (or give the most activation to) whichever one allows referring expres-
sions to be unambiguous.” This means that sometimes the parser will build a more com-
plicated syntactic structure when a simpler one is licensed by the grammar and consistent
with the input.

Sentence (11) starts by saying The burglar blew up the safe ... As soon as listeners get
to the safe, they try to figure out what the safe refers to. Notice that the context in the
mini-story has introduced two safes—a new one and an old one. By itself, the safe could
refer to either of these two safes. Thus, listeners need additional information to figure
out which of the two safes the NP the safe is supposed to point to. If listeners attach with
the rusty lock to the safe, that will create a phrase that is semantically unambiguous and
that fits well with the preceding story context. If they build the simpler syntactic struc-
ture, the safe will remain ambiguous—it could refer to either of the safes introduced
previously in the story. Referential theory predicts that, in the context of stories like (17),
comprehenders will build the more complicated structure rather than the simpler one
for sentences like (11). As a result, sentences like (11) should be very easy to process
despite their complicated syntax when they appear in stories like (17). This prediction
was confirmed when people’s reading times were measured. When sentence (11)
appeared by itself, people slowed down when they read the rusty lock. When sentence
(11) appeared in the context of story (17), people did not slow down when they read
rusty lock. Thus, contrary to what the garden path theory predicts, the parser does seem
to pay attention to information that context makes available at least some of the time to
make decisions about which syntactic structure to build for a new sentence.

Subcategory frequency effects

The garden path parser uses only word category information to make initial decisions
about which syntactic structures it will build. But words can provide more information
than that. For example, consider the verbs took and put. Both of these words belong to
the same syntactic category—verb. But, other than having different meanings, are the
two verbs equivalent? One way to approach that question is to see what kinds of syntac-
tic structures the two verbs can be part of. Let’s start with took. Can took appear without

anything following it?
(18) Dr. Phil took.

Most people would say that sentence (18) sounds odd. So let’s mark it with an asterisk to
show that it is odd.

*(18) Dr. Phil took.
What if we add a NP after took?

(19) Dr. Phil took a nap.

Models of Parsing: Constraint-based Models ﬁ
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Much better! So, we conclude that fook is the kind of a verb that needs a post-verbal
argument. Specifically, fook needs to have a direct object, in this case a nap. In technical
terms, we call verbs like took “obligatorily transitive” (transitive verbs must have a post-

verbal, direct-object argument).
How about put?

*(20) Dr. Phil put.
That’s odd. How about (21)?

*(21) Dr. Phil put a book. Still odd. How about (22)?
(22) Dr. Phil put a book on the shelf,

Fine. So, fook and put are similar in that neither one can appear all by itself without any-
thing coming after, but they are different in other ways. Took is fine with just a direct
object, but puf requires both a direct object and a goal. Thus, they are both in the cate-
gory verb, but they belong to different subcategories, because they have different require-
ments for different kinds of partners (sometimes called arguments or complements), and
so different requirements for syntactic structures. (See if you can draw the structure for
the VP when it has a direct object and when it has both a direct object and a PP goal
argument. Ask your professor for help if you get stuck.)

Verbs like fook and put are fairly picky about the kinds of complements they need and
the kinds of syntactic structures they can appear in. Other verbs are more flexible.
Consider the verb was reading. It can appear without any post-verbal arguments at all, as

in (23), where it is intransitive:
(23) Dr. Phil was reading.

It can appear with a direct object, as in (24), where it is transitive:

(24) Dr. Phil was reading a story.

It can appear with a direct object and an indirect object, as in (25), and then it is
ditransitive:

(25) Dr. Phil was reading a little girl a story.

So, was reading has a number of subcategory possibilities, including intransitive, transi-
tive, and ditransitive; and each of these subcategory possibilities is associated with =
different syntactic structure. There are, in fact, many verbs that are flexible in this way.
(See if you can think of a few.)

Constraint-based parsers differ from two-stage parsers like the garden path parser
because constraint-based theory says that structural information is associated with indi-
vidual words in the lexicon and this information influences which structural hypotheses
will be pursued as sentences are being processed. In particular, a constraint-based parser
will use subcategory information to determine which structural analysis to favor whes
more than one structure is consistent with the input. How does this work? Consider th=

following sentence fragment:

(26) The student saw the answer ...
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This fragment could continue
... to the last question.

In that case, the answer is the direct-object argument of saw, and the sentence should be
structured as in (27).

(27) S
NP VP
Vv NP
The student saw the answer ...

But in sentence (28)
(28) The student saw the answer ...
continues with

... was in the back of the book.

In that case, the answer does not represent the direct object of saw. Instead, the answer is
the subject of the verb was, and the sentence should be structured as in (29). In sentence
(28), the part the answer was in the back of the book is called a sentence complement. The
answer was in the back of the book is a sentence complement because it really is a sen-
tence that could appear all by itself and because the whole thing is the post-verbal com-
plement of saw.

> /s\
| /vp\
| /S\
NP VP
The student saw the answer was in the back

of the book

Models of Parsing: Constraint-based Models E
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So, when comprehenders get to “the answer” in (26) and (27), they face a choice
between the structures in (30).

(30) (a) (b)
/S\ /\
\Y NP \'% /sv\
NP VP

Garden path theory predicts that people should prefer the left-hand structure (a),
because it is simpler than the right-hand structure (b) and because pursuing that struc-
ture allows comprehenders to continue working on the current VP. So garden path the-
ory predicts that sentences like (28) should be harder to understand than sentences like
(26), and this is true in general. Constraint-based theory also predicts that (28) should
be harder than (26), but for a different reason. It turns out that both theories are correct
in this instance—sentences like (28) really are harder to process than sentences like (26)
(Frazier and Rayner, 1982; Pickering and Traxler, 1998).

Constraint-based theory assumes that people pay attention to subcategory preference
information. Subcategory preference information reflects the likelihood that a given
structure and a given verb go together. Consider the verb saw again. Suppose you know
that 9 times out of 10 in the past saw was followed by a direct object (as in (26)). Suppose |
that, after you heard The student saw but before you got the next word, someone would
let you bet about what structure the sentence as a whole would have. Would you bet o2 |
direct object or on something else, sentence complement perhaps? If you bet (or pre- |
dicted) that the next thing would be a direct object, you would be right in the long rus |
90% of the time (and you would become rich).

Essentially, this is what the constraint-based parser does. It takes information about
the past—e.g. the likelihood that a given structure will appear when a given ver®
appears—and uses it to predict the future. So, according to constraint-based theory, (28
is hard because the parser predicts that a direct object is coming, and so the parsex
assigns more weight to the syntactic structure that allows saw to have a direct object
When the sentence actually provides the input for a different structure (sentence com-
plement in this case), the constraint-based parser has to change its mind. The constrainz-
based parser has been garden-pathed, not because it has used the wrong heuristics, b=
because sentence (28) goes against the general pattern that has occurred in the past.

Garden path theory and constraint-based parsing theory both make the same predic
tion for sentences (26) and (28), and they both provide an explanation for people’s actu=
observed behavior. But garden path theory and constraint-based parsing theory do o
always make identical predictions. They make opposite predictions for sentences Li¥
(31) and (32):

(31) Dr. Phil realized his goals early on.
(32) Dr. Phil realized his goals were out of reach.
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The syntactic structures we need for (31) and (32) are the same structures that we need
for the corresponding (26) and (28). In (31), his goals is the direct-object argument of
realized, so it has the same structure as (26). In (32), his goals is the subject of a sentence
complement (his goals were out of reach), so it has the same structure as (28). Garden
path theory predicts that (32) should be harder than (31) (for the reasons laid out ear-
lier), but constraint-based theory predicts that (32) should be just as easy to process as
(31). Why is that?

According to constraint-based parsing theory, (32) should be just as easy as (31)
because the subcategory information in (32) points readers toward the correct syntactic
structure right away. Unlike the verb saw, realized appears with a sentence complement
about 90% of the time. In the language at large, it is much more likely that someone
would say I realized I was late, than something like I realized a profit. So, what happens
when people hear Dr. Phil realized ...? The constraint-based parser will predict that a
sentence complement is coming and will favor the more complicated structure at that
point. In effect, the parser will be well prepared to deal with the rest of sentence (32)
because it is expecting the structure that actually appears. Hence, no structural revisions
are necessary to deal with the complicated structure of the end of sentence (32).

So, across sentences (26)-(32), garden path theory predicts that (26) and (31) will be
easy to process and (28) and (32) will be hard to process. By contrast, constraint-based
parsing theory predicts that only sentence (28) will be hard to process, because the struc-
ture that the parser predicts is different from the structure that actually appears only in
that case.

Eye-tracking and self-paced reading experiments showed that only sentences like
(28) cause comprehenders difficulty (Garnsey et al., 1997; Trueswell et al., 1993). This
can be explained if we assume that the parser keeps track of how often specific verbs go
together with different syntactic structures and that it uses this information very quickly
when it is making decisions about which structural options to pursue. Findings like
these also support the idea that the parser is trying to anticipate which structures it is
likely to encounter in the near future, and that subcategory information is one of the
sources of information that the parser uses to make its predictions.

When comprehenders demonstrate sensitivity to subcategory preference information
(the fact that some structures are easier to process than others when a sentence contains
a particular verb), they are behaving in ways that are consistent with the tuning hypoth-
esis. The tuning hypothesis says, “that structural ambiguities are resolved on the basis of
stored records relating to the prevalence of the resolution of comparable ambiguities in
the past” (Mitchell et al., 1995, p. 470; see also Bates and MacWhinney, 1987; Ford et al,,
1982; MacDonald et al.,, 1994; Seidenberg and MacDonald, 2018). In other words, peo-
ple keep track of how often they encounter different syntactic structures, and when they
are uncertain about how a particular string of words should be structured, they use this
stored information to rank the different possibilities. In the case of subcategory prefer-
ence information, the frequencies of different structures are tied to specific words—
verbs in this case. The next section will consider the possibility that frequencies are tied
to more complicated configurations of words, rather than to individual words.

Cross-linguistic frequency data

So far, when considering parsing strategies and theories, the focus has been entirely on
English. However, considerable work has been done in other languages that helps illumi-
nate how people parse and interpret sentences. One line of cross-linguistic research (research

Models of Parsing: Constraint-based Models H
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that compares how different languages are processed) has focused on the extent to which
structural preferences in different languages match the frequencies with which different
structures occur in those languages. For example, Spanish speakers can use a relative clause
to modify a preceding noun. Sentence (33) is globally ambiguous because the relative
clause “who was standing on the balcony with her husband” could go with either “(female)
servant” or “actress” (from Cuetos and Mitchell, 1988; see also Dussias et al., 2019):

(33) Alguien disparo contra la criada de la actriz que esta ba en el balcon con su marido.

“Someone shot the (female) servant of the actress who was standing on the balcony
with her (male) spouse.”

(34) Alguien disparo contra el criado de la actriz que esta ba en el balcon con su marido.

“Someone shot the (male) servant of the actress who was standing on the balcony
with her (male) spouse”

Sentence (34) is temporarily ambiguous because, although “who was standing on the
balcony” could describe either “(male) servant” or “actress.” the end of the relative clause
(“with her spouse”) ties the relative clause definitely to the second of the two nouns.

For sentences like (33) and (34), English readers exhibit a preference to attach the
relative clause to the second of the two nouns (“actress”), but Spanish speakers exhibit a
preference to attach the relative clause to the first of the two nouns (“servant”) (Carreiras
and Clifton, 1993, 1999). French speakers also appear to prefer to attach the relative
clause to the first noun in equivalent French sentences, while Italians and Germans pre-
fer the second (Cuetos et al., 1996; Mitchell et al., 1995). Why should there be this differ-
ence in structural preferences across languages? One possibility is that the frequency
with which the structures appear differs across languages. While attachment to the first
noun appears to be the more frequent option in Spanish and French for sentences like
(33) and (34), English and Italian appear to pattern the other way.

Although it would be possible to tie the likelihood of being modified to individual
nouns, it appears that structural frequency information is being associated with larger
elements—configurations of nouns. (For example, people are more likely to modify 2
noun like thing than a more specific noun like apple, and people almost never modify
proper names. So you're far more likely to hear plain old Dr. Phil than The Dr. Phil who
is standing right over there talking about sex with Rush Limbaugh.) The idea that frequen-
cies are associated with groups of words is supported by the fact that near exact transla-
tions of the same sentences like (33) and (34) have been used in different languages, so
the same nouns are represented in the different studies. If the structural preferences wer=
associated with individual nouns, they should be pretty similar across languages.

Experimental outcomes for sentences like (33) and (34) show that frequent structures
are easier to process than less frequent structures. This is compatible with constraint-
based accounts’ claims that people keep track of how often they encounter particular
kinds of sentences, and that they favor structures they have encountered more often =
the past when a new sentence can be structured in more than one way. However, there =
a possible counterexample from Dutch. Marc Brysbaert and Don Mitchell measurs=
Dutch speakers’ eye movements while they read the Dutch equivalents of (33) and (>*
(Brysbaert and Mitchell, 1996). The eye movements indicated that Dutch speakers ha
more trouble interpreting the test sentences when the relative clause went with the firs
noun than when it went with the second noun. But when researchers looked at a dat:
base of Dutch sentences (that came from newspaper and magazine articles), they fous
that relative clauses went with the first noun more often than they went with the secoo
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So, the more frequent structure appeared to be more difficult to process, contrary to
what constraint-based and other frequency dependent parsing theories would predict.
However, when other researchers analyzed the test sentences and the sentences from the
database, they found that semantic factors like animacy and concreteness were more
important than position in determining where the modifying relative clauses should go
(Desmet et al.,, 2006). So, when more fine-grained information was taken into account,
reading time could be predicted by detailed frequency information.

The cross-linguistic investigation of relative clause attachment raises a further impor-
tant issue: How does the parser decide whether something is frequent or infrequent? If
we just count all sentences, simple active voice sentences will be the most frequent
(example active voice sentence: John kissed Mary). The parser should therefore favor the
direct-object interpretation of any sentence that starts with a NP and a verb phrase. But
if we start counting up which structures go with an individual verb, then the parser
should favor the sentence complement interpretation of any sentence that starts with a
NP followed by the verb realized followed by another noun. But if we start counting up
the likelihood of specific verb-noun combinations, then the parser should switch back
to favoring the direct-object interpretation of any sentence that starts with a noun, the
verb realized, and the noun goals. Likewise, if we start factoring in animacy, then any
sentence that starts with an inanimate noun should reduce the likelihood of a simple,
active structure.

This problem goes by the name the grain size problem. Languages offer us multiple
levels of analysis (different grains), people can potentially keep track of statistics at any
level of analysis, and the degree to which a structural alternative is preferred can differ at
different grains. One solution to the grain size problem is to suggest that the parser does
not keep any statistics at all (as some two-stage models claim). If the parser does not try
to estimate likelihood, and instead bases its decisions on other criteria (like simplicity or
recency), then there is no reason for us to worry that different frequencies apply at differ-
ent grains.

Another solution is to suggest that the parser keeps track of statistics at different
grains, and that it combines data from different grains to arrive at an overall estimate of
likelihood. So, in our example involving realized, the parser will give some weight to the
fact that the most common structure in the language is subject-verb-object, it will also
give some weight to the fact that the most likely structure for any sentence with the verb
realized in it is the sentence complement structure, but if it gets realized followed by

goals, the parser will pay attention to the fact that, at this very fine grain, goals is a really
good direct object for realized, and will therefore boost the activation of the syntactic
structure that goes with that interpretation.

Semantic effects

So far, we have seen how a constraint-based parser could use story context information
and subcategory information to anticipate upcoming syntactic structure. Another source
of information that the parser could rely on is the semantic (meaning) information asso-
ciated with specific words in sentences (as in the realized his goals example). Again, this
is a point where constraint-based theory differs from garden path theory because garden
path theory says that the parser ignores semantic information as it is making its initial
structural decisions. To see how that works, let’s look at a kind of sentence called a
reduced relative:

(35) The defendant examined by the lawyer went to prison.

Models of Parsing: Constraint-based Models ﬁ
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(35) is called a reduced relative because it contains a relative clause examined by the
lawyer that modifies the meaning of the preceding NP The defendant (“Which defendant
are we talking about?” “The one examined by the lawyer”). The sentence can be made
easier to process if we introduce the relative clause with a relativizer. In (36) the relativ-
izer who unambiguously marks the start of the relative clause.

(36) The defendant who was examined by the lawyer went to prison.

Numerous studies have shown that sentences like (35) are harder to process than sen-

tences like (36) (e.g. Clifton et al,, 2003; Ferreira and Clifton, 1986). Why is that? In

general, reduced relatives are difficult to process because listeners have a hard time fig-

uring out that they are dealing with a relative clause rather than something else. Why do
they have trouble identifying the relative clause? One reason is that the beginning of the
reduced relative clause looks like a regular old main clause. (Main clauses consist of the
grammatical subject of the sentence, the main verb of the sentence, and the arguments
and modifiers that go with the main verb. Subordinate and relative clauses provide addi-
tional information about the main clause or individual words that appear in the main
clause.) So, while processing The defendant examined ... listeners might begin to build a
syntactic structure that is appropriate for a main clause continuation. If so, they would
be ill prepared to deal with the actual continuation in (35), but they would be well pre-
pared if the sentence continued as in (37):

(37) The defendant examined the photographs.

The structural choices that the parser faces are represented in (38).
(38) @ /s\
NP

R

NP P

o

Vv
C
The defendant examined K \Y%

The defendant examined

b)
N

/S\VP(
e

(38a) shows the structure that you need for the main clause interpretation. (38b) show
the structure that you need for the relative clause interpretation.

Notice that the structure in (38b) is more complicated than the structure in (38a), ao
so garden path theory predicts that people will prefer the structure in (38a)—the ma=
clause structure. As a result, people should have trouble dealing with a sentence th=
requires the more complicated structure in (38b). Constraint-based parsing theory 2is
predicts that the reduced relative clause in (35) will be hard to process, but for a differes
reason. Constraint-based theory says that the problem of figuring out that examined :
part of a relative clause is made worse by the fact that defendant refers to a person, 2o
people are very likely to examine things. That is, defendant falls in the category of &=
mate things. Animate things, like people, animals, and fish, can move around, have go&
initiate actions, and so forth. Inanimate things, like rocks, trees, and houses, do not me
around, do not have goals, and do not initiate actions, Most of the time, when a sente®
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starts with an animate entity, the animate entity is responsible for starting the action
described in the sentence (as in (37)).

The technical name for someone or something that starts an action is agent or the-
matic agent (Jackendoff, 1990). It is less likely that an animate entity that starts a sentence
will be the recipient of an action that is initiated by someone else. The technical names
for someone or something that is the target of an action are theme, experiencer, or recipi-
ent. (An exception to the general pattern of an animate initial noun being the agent
occurs in passive sentences, like The defendant was examined by the lawyer. But here, the
sentence provides abundant structural cues that clarify the patient status of the initial
noun defendant. See if you can spot some of the cues that the passive provides.)

According to constraint-based parsing theory, when people hear The defendant
examined ..., they know that defendant is animate, they assume that the animate defend-
ant will initiate the action, and examined provides them with the action that the defend-
ant is initiating. When they actually get by the lawyer, all of those assumptions need to
be undone. The defendant iso't the initiator of the examining action, the defendant is the
recipient. The defendant isn't examining anything, but is being examined. On top of all
of that semantic (meaning) revision, it turns out that the parser’s structural assumptions
were also wrong. Chaos! The poor listener has been garden-pathed in a major way and
has to do a lot of work to clean up the mess.

(An even more difficult reduced relative than sentence (35) is, The editor played the
tape was furious. Astonish your professors by explaining to them why that one is harder
than sentence (35).)

If semantics is the driving factor that turns reduced relatives into mental train wrecks,
it should be possible to use semantic information to make sentences like (35) easier to
process. How might we do that? Because the train wreck starts with assumptions about
the defendant, we could start by triggering a different set of assumptions. We can do that
by starting the sentence with an inanimate noun, like evidence, as in (39):

(39) The evidence examined by the lawyer was complicated.

Because evidence is inanimate, it is not a good agent and is highly unlikely to initiate the
action in the sentence. But it is a really good thematic patient. So, when listeners hear The
evidence examined ..., they should heavily discount the possibility that they are looking at
a sentence with a main-clause structure like (37). The parser should immediately rule out
the possibility that examined is the main verb of the sentence and it should choose a dif-
ferent structure right away. By using information about the meaning of the initial noun (is
it animate or inanimate?), the parser can avoid building the wrong structure for the sen-
tence. If this allows the parser to avoid making bad semantic and structural assumptions,
then people should not have very much trouble processing sentences like (39).

In fact, although there is some uncertainty about how quickly semantic information
influences the structure-building process, sentences like (39) with inanimate initial
nouns are easier to interpret than sentences like (35) with animate initial nouns—having
an inanimate initial noun like evidence does reduce the overall processing difficulty that
the reduced relative imposes on the comprehender (Trueswell et al., 1994; Clifton et al.,
2003). (Researchers agree that animacy either helps comprehenders get to the right syn-
tactic structure straight away, or it helps them dump a bad structure faster so that they
can start building the right structure faster after building the wrong structure, or both.
Note also that if the animacy experiments show that comprehenders use animacy to
avoid building bad structure, then findings like these are problematic for garden path
parsing theory. The garden path parser ignores semantics when it makes its structural
decisions, so it should make the same structural choices for sentences with animate ini-
tial nouns and sentences with inanimate initial nouns.)

{
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Prosody

When people speak sentences, they produce sequences of words, and they modulate the
speed, loudness, and pitch that they speak at depending on what roles the words are
playing in the sentence. The speech information that identifies specific words is called
segmental information (where a “segment” is any discrete unit that can be identified,
including phonemes, syllables, and words). The information that correlates with gram-
matical role and other discourse functions is called suprasegmental information
(“suprasegmental” means the speech pattern extends across more than one segment),
and this is normally what is referred to when language scientists use the term prosod;
(Speer and Blodgett, 2006; Speer and Foltz, 2015).

People who study prosody categorize speech patterns into two general classes
Nonlinguistic prosody consists of those aspects of speech that provide cues to the speaket’
general mental state. Is the speaker happy, angry, or depressed? The tone and tempo of tFx
speaker’s output will differ depending on how the speaker is feeling at the momet
Linguistic prosody consists of those aspects of speech that provide cues to how the wor<:
are organized into phrases and clauses. For example, stress—how loud particular spee<:
segments are spoken—can indicate whether someone is speaking a compound noun @
whether someone is speaking an adjective and a noun. If someone says green HOUSE, it:
likely that they are talking about a house that's been painted green. If someone says GREE
house, they are probably talking about a place where you grow plants when it’s too oo
outside. Another example is the difference between statements and questions. Supp<
someone says John wants a hamburger with a rising tone at the end. Normally, a speak
would use that prosodic cue to indicate uncertainty—the speaker is asking a questior-!
the speaker pronounces the same sentence with a falling tone at the end, that usually in<
cates that the speaker is making a statement—i.e. the speaker knows what John wants-

Prosody can provide cues that help the parser to construct the correct syntactic str=
tures when the input is syntactically ambiguous. For example, consider sentence (£
(from Speer and Blodgett, 2006, p. 506):

(40) The professor said the student had on socks that did not match.

This sentence could be pronounced in different ways with pauses in different locatio:
Try speaking the sentence with a big pause after said, and no big pauses anywhere els¢-
you pronounce the sentence that way, who has the mismatched socks, the professor:
the student? Now try speaking the sentence with two big pauses, one right before =
and one right after student. Now it should be someone else who is having a bad socks &
Pauses are a good cue to phrase structure, because words that go together to m=%
phrase are usually pronounced together without any major pauses or breaks. This <
not always happen, however, as sometimes speakers make mistakes or are dysfluent—*
speech is full of false starts, “ums,’” “ahs,” “you knows,” and other verbal tics that can i=*
fere with the clean packaging of prosodic cues and phrase structure. So, while pro=*
cues can be very useful, they are not always available, and when they are, they ar=’
always 100% valid. Therefore, one question language scientists have asked is: How =
do listeners rely on prosody when they are making syntactic structure decisions? This*
tion will review some of the studies that indicate that, when prosodic cues are avail’
listeners use them very quickly to choose between alternative structural possibilities
Because naturally occurring speech has a lot of syntactic and prosodic propertie:’
are not easy to control for in an experiment, language scientists often use carefullv’
structed utterances to test how listeners respond to prosodic cues. Using cas®
planned and recorded speech allows them to control for nuisance variables. Resear’

i Scanned with |
i & CamScanner’;



who study prosody have also created a very sophisticated analytical tool called the ToBI
(Tones and Breaks Index) system that allows them to clearly identify the prosodic cues
that are present in any given utterance. With these tools in hand, researchers can system-
atically manipulate the prosodic cues in sentences that are controlled with regard to their
syntactic structures and meaning. They can then present their sentences to listeners in
situations that allow them to carefully observe the listeners’ behavior. Researchers draw
inferences about how prosody affects the meaning assigned to globally ambiguous
sentences and determine how quickly listeners combine prosodic and syntactic informa-
tion as they interpret sentences.

Prosodic cues appear to strongly influence the interpretation of some sentences that
have globally ambiguous syntactic structure. For example, consider sentence (41) (from
Carlson et al., 2001):

(41) Susie learned that Bill telephoned after John visited.

This sentence is globally ambiguous because after John visited could tell us when Susie
learned something about Bill, in which case the phrase after John visited attaches to the
verb learned. Alternatively, the phrase after John visited could tell us when Bill tele-
phoned, in which case it attaches to telephoned. If there is a relatively large pause between
Bill and telephoned, listeners are likely to judge that after John visited goes with tele-
phoned. If there is a relatively large pause after telephoned, listeners are likely to judge
that after John visited goes with learned.

Sentences like (41) are somewhat artificial, because they have been digitally altered,
but similar effects occur under more natural circumstances. For example, researchers
observed naive participants who came into the lab and took part in a game (Schafer et
al., 2000). The game involved game pieces that came in different shapes and colors. A
“driver” instructed a “slider” how to move the pieces around the board. The trick was
that the driver knew where the pieces were supposed to end up, but only the slider knew
the location of bonuses (cookies) and penalties (ravenous goats). The driver and slider
cooperated to earn points. The researchers elicited temporarily ambiguous sentences
from the participants by giving them a list of scripted sentences that they could use to
play the game, such as (42) and (43):

(42) When that moves the square should land in a good place.
(43) When that moves the square it should land in a good place.

Drivers spontaneously produced prosodic cues that helped to disambiguate the sen-
tences (e.g. they would pause after moves when speaking sentences like (42) and after
square in (43)). Next, the researchers deleted everything after the word square and played
the truncated sentences to a new set of participants. These participants were asked to
guess how the sentences would continue. They were able to accurately predict what end-
ing the original speakers had used, and this indicates that the listeners were using pro-
sodic information to choose between alternative syntactic structure possibilities.

Other research addresses the question of how quickly listeners use prosody to make
structural decisions. One such study involved sentences like (44) and (45) (Kjelgaard
and Speer, 1999; see also Snedeker and Trueswell, 2003):

(44) When Roger leaves the house is dark.
(45) When Roger leaves the house it’s dark.

(44) is a garden path sentence very similar to (7). (45) is also temporarily ambiguous, but
it is normally easier to process than (44) because the listener’s syntactic assumptions for

|

Models of Parsing: Constraint-based Models ﬁ

i Scanned with |
i & CamScanner’;



Sentence Processing E

(45) match the structure that the sentence actually requires. We could help the listener
deal with sentence (44) by inserting a big pause after the word leaves (try pronouncing
the sentence that way). We could make things more difficult for the listener by pro-
nouncing leaves the house all together without any pause between leaves and the house,
and by putting in a big pause before is (try pronouncing the sentence that way—it will
probably sound strange to you). There are other prosodic cues that can help the listener
deal with (44). Those cues involve changing the average pitch of different parts of the
utterance and the length or duration of the words in the utterance. (See Speer and
Blodgett, 2006, for a more complete description.) The same prosodic changes can be
made to sentences like (45).

When the prosodic cues point listeners toward the correct syntactic structure, the
prosody is said to be cooperating. When the prosodic cues point listeners toward the
incorrect syntactic structure, it is said to be conflicting. Researchers can measure how hard
it is to process sentences like (44) and (45) using a variety of experimental tasks. They can
ask listeners to press a button when they have figured out what the sentence means after
they hear it. Alternatively, they can ask listeners to respond to a visual target word after
listening to most of the sentence. For example, listeners might be asked to name (speak)
the word is after listening to When Roger leaves the house. If listeners have been building
the correct syntactic structure for the beginning of the sentence, it should be easier to say
is than if they have been building the wrong structure. The same predictions apply for
sentence (45). Participants’ behavior on both of these tasks showed that they used pro-
sodic cues very quickly to make structural decisions in sentences like (44) and (45).
Listeners pressed the “Got it” button faster when the sentences had cooperating prosody
than when they had conflicting prosody; and they pronounced the syntactically disam-
biguating main verb (is or it’) faster for cooperating than conflicting prosody as well.

Visual context effects

Previously, we have seen that information in a story, and the way a new sentence fits into
the story, can affect the structural choices that the parser makes. This section will review
further evidence that syntactic parsing can be influenced by information from outside
the language processing system. Specifically, the information available in a visual scene
can increase the parser’s preference for a complex syntactic structure. To see how this
works, consider sentence (46):

(46) The girl placed the apple on the towel in the box.

(46) is a garden path sentence because comprehenders interpret the first PP on the towsl
as the goal of the placing action (i.e. they think that the girl put the apple on the towel ).
To interpret the sentence as it was intended, comprehenders have to attach the first PP
to the apple (as in Which apple did the girl place? The apple (that was) on the towel). In
that case, on the towel is a source rather than a goal location. Garden path theory says that
sentences like (46) are hard to process because the minimal attachment heuristic makes
the parser adopt the wrong syntactic structure, Constraint-based parsing theory an<
referential theory say that sentences like (46) are hard to process because, when the serr
tence appears by itself, nothing tells the listener that there might be more than one appie
and so there is no obvious reason to treat on the towel as information that discriminate
between the explicitly mentioned apple and some other set of unmentioned apples. W
have seen that mentioning more apples in a story context can make sentences like (4
easier to process, but is there any other kind of context that can have a similar effect?
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To answer that question, Mike Tanenhaus and his colleagues conducted a study where
they manipulated what listeners were looking at as they listened to and tried to under-
stand sentences like (46) (Tanenhaus et al,, 1995), This study used the visual world
experimental method (or paradigm). In the visual world paradigm, participants wear an
eye-tracking device that shows researchers where they are looking during an experi-
ment. Real objects are placed on a table in front of the participants. Participants listen to
sentences about these objects and they respond to the sentences by moving the objects
around. The researchers can manipulate characteristics of both the visual display and the
sentences to see what effect this has on participants’ eye movements. By analyzing par-
ticipants’ eye movements, researchers can draw conclusions about how the participants
interpreted the sentences.

For example, consider the displays in Figure 4.2. The left-hand display contains only
a single apple, and that apple is on a towel. The left-hand display also has an empty towel
and a box. The right-hand display contains two apples. One of the apples is on a napkin
and the other apple is on a towel. There is also a towel with nothing on it. So, both dis-
plays have an empty towel that could match up with the goal interpretation of on the
towel. Because it has two apples, the right-hand display is the visual equivalent to the
story that mentioned two safes. While participants looked at either the left-hand display
(the one-apple display) or the right-hand display (the two-apple display), they listened
to a sentence that said, Put the apple on the towel in the box. The critical thing that the
researchers wanted to know was: Where did participants look when they heard on the
towel? If participants interpreted on the towel (incorrectly) as the goal of Put the apple,
then they should look at the empty towel. If they interpret on the towel (correctly) as
modifying the meaning of apple, then they should look at the apple that is on the towel.
So, what happened in the experiment?

First, let’s consider what happened when the visual display only had one apple (the
left-hand side of Figure 4.2). When participants heard on the towel in Put the apple on the
towel ..., they were more likely to look at the empty towel than the apple. So it looks like

«put the apple on the towel in the box.” “Put the apple on the towel in the box”
A + B C D. e f—r + . .A T B + T 1—c - + —
0 500 1000 1500 2000 2500 O 500 1000 1500 2000 2500

“Put the apple that’s on the towel in the box” “Put the apple that’s on the towel in the box.”
A B' ‘ . A B C %,

0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Time (ms) Time (ms)

Figure 4.2 Sample visual displays and eye-movement patterns. Source: Tanenhaus
et al. (1995), American Association for the Advancement of Science
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participants were interpreting on the towel (incorrectly) as a goal, rather than something
that modified the meaning of apple.

Something very different happened when the visual display had two apples (one on 2
towel and one on a napkin) and an empty towel. Under these conditions, when partici-
pants heard on the towel, they were more likely to look at the apple that was on the towel.
rather than looking at the empty towel. So, it looks like participants were (correctly
interpreting on the towel as going with apple when the visual display had two apples
That result is very similar to the story context experiment involving sentences like (11)—
The burglar blew up the safe with the rusty lock. This new result goes beyond those previ-
ous ones, however, by showing that information from other modalities (i.e. vision) has =
rapid effect on processes taking place within the language-processing system. When the
display has two apples, the expression the apple by itself does not successfully refer 1o
either apple. Under those conditions, participants were willing to build a more compli-
cated syntactic structure so that they could attach on the towel as a modifier of the
expression the apple, and in that case, the expression as a whole the apple on the tow=
successfully picked out one of the two apples in the display. So, the way the syntactic
parser functioned was affected by what was happening in the visual system.

Interim Summary

So far in this chapter we have seen that sentence interpretation involves a parser tha:
makes decisions about how words in sentences relate to one another. We have looked ==
two different processing mechanisms that have been proposed to explain how parsine
takes place. The currently available experimental evidence shows that there are pe—
aspects of people’s behavior that are not fully compatible with the garden path theorv. As
a result, many researchers favor one of the constraint-based versions of sentence-prc,.
cessing theory. If one wanted to draw a picture to represent the main assumptions.ﬁn_:z
constraint-based theory makes about sentence processing, it might look like Figure
The key points to take away are:

4 3
=_

1. A constraint-based parser can activate multiple syntactic structures simultaneousi~
It ranks different structures based on how much evidence is available for each in =
input.

3. Evidence for a given structure and its accompanying semantic interpretation
come from multiple sources, including story context, visual context, subcatecor
information, and the semantic properties of specific words. g

 rogueney
- of syntactic |

ieacturs | ;Vis*lcontext

Referential
context

Sentence
meaning

Subcategory | Prosodic cues

Figure 4.3 A constraint-based outlook on syntactic parsing
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PREDICTION IN SENTENCE PROCESSING

Have you ever found yourself fin-
ishing someone else’s sandwiches
sentences? Have you ever wondered
how that works? Gerry Altmann cer-
tainly has. Gerry and his collaborator,
Yuki Kamide, conducted a very influ-
ential study that has changed the way
a lot of people think about sentence
processing (Altmann and Kamide,
1990). In this study, people looked
at pictures like the one shown here
while listening to sentences. They had
their eye movements monitored by an
eye-tracker. The sentences had differ-
ent kinds of verbs. In one condition,
the verb had very loose requirements
for a post-verb argument. “The boy
will move ...” could plausibly continue
with any of the pictured objects (“The
boy will move the ball/cake/car/train”
are all good). In another condition,
the verb had much narrower require-
ments. “The boy will eat ...” can only
plausibly continue with one of the
pictured objects (the cake).
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Starting with the punchline, Alt-
mann and Kamide found that when
people listen to “The boy will eat ..
their eyes move to the cake before they
hear the word cake. Thus it appears that
people use information from the verb to
predict or anticipate how the sentence
will continue (as opposed to waiting
until the noun cake shows up to figure
out what’s going on in the sentence).
Subsequent studies have investigated
what, precisely, listeners are predicting
(just the likely upcoming meaning, spe-
cific syntactic categories of words, the
precise orthographic or phonological
form, or all of these) (Brothers et al.,
2015; Brothers and Traxler, 2016; De-
Long et al., 2005; but see Nieuwland et
al,, 2018). It appears therefore that we
can finish each other’s sandwiches sen-
tences. But how?

Some accounts propose that we
use our speech production systems to
predict how a sentence will continue
(Pickering and Gambi, 2018; Pickering
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and Garrod, 2007). This account says
that, as you listen to someone speak,
you are building a representation of the
meaning, and you can use knowledge
of events to figure out how things are
likely to play out in the future. Other
accounts appeal more to knowledge of
language patterns, without much con-
cern for meaning (Hale, 2003, 2006).
On this kind of account, your long-term
memory stores information about se-
quences of words, so you can compute

In the context of The boy will eat ... cake
is highly likely; cake is less likely in the
context of The boy will move .... As a re-
sult, you are less surprised to hear cake,
and the amount of bottom-up process-
ing you must devote to cake is different
in different contexts. Some accounts
are hybrids, suggesting that listeners
are making predictions of various kinds
at various levels of representation (pho-
nological/orthographic, syntactic, and
semantic) simultaneously (Kuperberg,

how likely different continuations are. ~ 2021; Wang et al., 2021).

Argument Structure Hypothesis

One of the central claims that constraint-based theory makes about parsing is that struc-
tural information is tied to specific words in the lexicon. What does this structural infor-
mation look like? Let’s look at how structural information related to verbs might be
represented.

One possibility is that our long-term memories contain information about phrase
structure trees like those in (47) (MacDonald et al., 1994). For a verb like was reading
long-term memory would contain at least three phrase structure trees, one for the
intransitive form, one for the transitive form, and one for the ditransitive form. But wha
about the dative form? Is that represented, too? If so, there would be a fourth tree, as ix
(48). And what if the dative form is supplemented by information about location? Do w:
need another tree for was reading the book to the girl at the park? If so, we need the struc
ture in (49). What if we had something like this? Dr. Phil was reading the book to the git
at the park next to the fire station that was built by generous pilgrims from Burkina Fas
who liked to take long walks with their vicious pet lizards. If we wanted to pre-store all ¢
the structure that goes with the verb, then we would need something like (50) (and th
does not even take into consideration numerous syntactic ambiguities).

(47) “was reading”

i e
auxiliary \' auxiliary /\\"\
was reading was V NP1 T'
VP(2) l l the
reading the "

/\ gi.l'l bot*
auxiliary V'
! v /\Np

reading the book
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(48) VP4

L b

v NP PP
was reading the to the girl
book
(49) VP5
auxiliary \A
v NP IiP; PP,
was reading the to the at the
book girl park
(50) VP6
auxiliary v

\4 NP PP PP

P NP
/\
N PP
25
P NP
/\
N RC
/\
R[0] S
/\
[0] VP
/\
; /p\
P P
Was reading the book to the girl at the park next to the /\
fire station that was built by the pilgrims i )

We really need a set of principles or guidelines that allows us to avoid the psycholinguis-
tic equivalent of the leg-shaving problem: Where do I stop? In leg-shaving, many people
adopt the principle, “I stop below the knee”” This principle requires us to decide where,
exactly the knee is, and that can be somewhat ambiguous, but now we at least have a
clear “stop” rule, and we can proceed even if we have only a rough idea where the knee
ends. Can we come up with a similar principle for verb-related syntactic structure? One

Argument Structure Hypothesis ﬂ
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possible stop rule for storing syntactic representations is the argument structure hypoth-
esis (Boland and Blodgett, 2006; Boland and Boehm-Jernigan, 1998; Tutunjian and
Boland, 2008; see also Matchin and Hickok, 2020). According to the argument structure
hypothesis, structural information related to a verb’s arguments is stored in the lexicon,
and everything else is computed “on the fly” So, like figuring out where the knee is, we
have to work out what counts as an argument,

Linguists have identified principles that support a distinction between arguments and
adjuncts. Although there is not 100% agreement, arguments are (roughly speaking) lin-
guistic partners that a word absolutely must have. Adjuncts are partners that a word can
have, but does not need. Arguments are usually thought of as being elements of meaning
that a word needs to express a complete thought. These elements of meaning are usually
explicitly expressed in the sentence, but sometimes they can be omitted. For example,
the verb eating is thought to require an object (you have to eat something in order to eat),
but that semantic argument can be omitted from the actual spoken sentence if the
speaker wishes to focus the listener’s attention on the action, as in Dr. Phil was eating.

Verbs can have between zero and four arguments. Verbs like rained and snowed have
zero arguments (Jackendoff, 2002). Because languages require sentences to have gram-
matical subjects, speakers include a meaningless pronoun as a placeholder when they
use zero-argument verbs in sentences, as in, It rained. It snowed. Verbs like sneezed have
one argument, as in Dr. Phil sneezed. (The arguments are underlined in the examples.)
Verbs like devoured have two arguments, as in Dr. Phil devoured the sandwich. (And in
the case of devoured all of the arguments must be included in the actual spoken sentence.
*Devoured the sandwich and *Dr. Phil devoured are both ungrammatical.) Verbs like put
have three arguments (Dr.Phil put the sandwich on the plate). Verbs like bet or wagered
have four arguments—a bettor, an opponent, something that is being risked, and an
event, asin Dr. Phil bet Rush Limbaugh a sandwich that Big Brown would win the Kentucky
Derby. As far as we know, there are no 5-, 6-, or 57-argument verbs.

Given that the maximum number of arguments for a verb is four, the problem of stor-
ing structural possibilities for verbs is greatly simplified. Instead of having an infinite
number of structures associated with each verb, we have between one and five. In the
case of was reading, everything beyond the subject (Dr. Phil) and the direct object (book)
is optional. The argument structure hypothesis would claim therefore that only two
structural possibilities would be stored in long-term memory and associated with was
reading. When comprehenders access the verb form was reading, they would activate
two associated syntactic structures, one that did not have a place for a post-verbal object
and one that did.

How is this information accessed and used during parsing? According to constraint-
based parsing theory in general, and the argument structure hypothesis in particular
when listeners access the lexical representation of a verb like was reading, they immedi
ately activate the associated structural information (kind of like what happens wit
spreading activation in semantic processing). The different structural possibilities a=
activated to the extent that they have appeared in the past with the verb in question. &
if was reading most often appeared with a direct and an indirect object, the ditransitiv
structure will be more active than the intransitive structure. If it appeared most oftes
with just a direct object, then that structure will be more activated than any of the store:
alternatives.

The argument structure hypothesis provides a somewhat more nuanced view of he!
argument-hood influences parsing. According to the argument structure hypothes:
argument frames and their corresponding syntactic structures are important beca
they determine how some elements of sentences are interpreted. For example, b’
should a comprehender interpret a PP like to Harry? It could be interpreted as the =v
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of a transferring action, as in The bully sent a threatening letter to Harry, but the PP might
be interpreted instead as a location, as in The bully stapled a threatening letter to Harry
(Boland and Blodgett, 2006, p. 386).

How does a comprehender know which interpretation to apply to the PP? The argu-
ment structure hypothesis contends that the subcategory properties of the verb deter-
mine how the PP is interpreted. When the lexical representation of the verb specifies a
recipient or goal argument (e.g. sent specifies a recipient), then a PP headed by to will be
interpreted as that goal argument. When the verb does not specify a goal argument,
prepositional phrases headed by fo will be interpreted as locations.

Is there any evidence that suggests that the argument structure hypothesis accurately
describes how syntactic information is represented in long-term memory? For starters,
a growing body of evidence suggests that arguments are treated differently than adjuncts
during sentence interpretation. For example, consider sentences (51) and (52) (from
Clifton, Speer, and Abney, 1991; see also Stolterfoht et al., 2019):

(51) The saleswoman tried to interest the man in the wallet. (People interpret this as
meaning she wanted him to buy the wallet; not that the man was inside the wallet.)

(52) The saleswoman interested the man in his fifties. (People interpret this as meaning
that the man was between 50 and 60 years old; not that the saleswoman wanted the
man to like being between 50 and 60 years old.)

In sentence (51), in the wallet is an argument of the verb interested because people have
to be interested in something. (Contrast that with the verb sneezed. You don’t have to
sneeze anything, you just have to sneeze.) In (52), in his fifties is an adjunct of the noun
man because, although we can always think or talk about how old the man is, we don't
have to. But note that, until we figure out the exact meaning of wallet and in his fifties,
and until we integrate those meanings with the preceding parts of the sentence, it is not
clear whether we are dealing with an argument or an adjunct.

According to some accounts of parsing, including the argument structure hypothesis,
comprehenders have a general preference or bias to interpret incoming phrases as argu-
ments. Given this assumption, comprehenders will try to treat both in the wallet and in
his fifties as arguments of the verb interested. Since wallet makes more sense than his fif-
ties as something to be interested in, comprehenders should take less time to process
wallet than his fifties. Indeed, when reading times were used to measure processing load,
comprehenders were able to process sentences like (51) faster than sentences like (52)
(Clifton, Speer, and Abney, 1991; Speer and Clifton, 1998; see also Britt, 1994; Schutze
and Gibson, 1999). People thus appear to process argument relations faster than non-
argument (or adjunct) relations.

Other studies show that people are more satisfied with the outcome of the interpre-
tive process when they can interpret phrases like to Harry as arguments as opposed to
when they are forced to interpret those same phrases as adjuncts. For example, if people
are asked to judge how natural sentences are, they rate sentences where the arguments
are explicitly stated higher than sentences where adjuncts, but not arguments, are explic-
itly stated (Boland and Blodgett, 2006).

Other evidence for an effect of argument status on parsing and interpretation comes
from studies showing that people infer a “missing” argument in cases where a verb
requires an argument, but the argument is not explicitly included in the sentence (Koenig
et al.,, 2003; Mauner et al., 1995). For example, consider the difference between the sim-
ple past tense verb sank and the very closely related past perfective was sunk. If some-
body says The ship sank, there does not have to be an external agent. The sentence
describes a change of state (the ship goes from floating on the top of the ocean to sitting

Argument Structure Hypothesis a
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on the bottom of the ocean), but the change of state can be internally caused by the ship
itself (maybe the hull was very rusty and sprung a leak). However, if somebody says The
ship was sunk, that means that somebody or something other than the ship was respon-
sible for the change in the ship’s state. Do people process sentences like The ship sank
differently than The ship was sunk?

Gail Mauner and her colleagues showed that they do, in the following way: When
people hear sentences like The ship was sunk, that need an agent but don’t explicitly
provide one, comprehenders immediately add or infer the presence of the unnamed
external agent. So, they interpret the sentence with a missing argument as if it said The
ship was sunk by somebody .... If the sentence then continues with a purpose clause, for
example, ... to collect the insurance money, that purpose clause is very easy to process,
because comprehenders have already inferred that there’s somebody involved in the
sinking, and that somebody is available to provide the subject of the purpose clause.
However, if the sentence starts The ship sank ... and continues ... to collect the insurarnce
money, then comprehenders have a hard time processing the sentence. Why? Because
the beginning of the sentence (The ship sank ...) does not require people to infer za
agent, so there’s nothing in the comprehender’s representation of the sentence to connec
up with the purpose clause ... to collect the insurance money. There’s no one in the corm-
prehender’s mental representation who could serve as the person with the insuranc

fraud motive.

Limitations, Criticisms, and
Some Alternative Parsing Theories

Although a considerable amount of experimental work has produced results favorable:
a variety of processing accounts that fall within the constraint-based sentence-proces
ing framework, some people still prefer some version of a two-stage parsing theor
There are a number of reasons for this, but let’s just focus on two of the main criticisz
of the general constraint-based approach.

The first criticism is based on the suggestion that the parser may not always fa=
likely structures over less likely, but simpler structures (e.g. Clifton et al., 1997).
example, in sentences like (53), the less likely structure is simpler and adopting the &
likely structure leads to a semantically odd interpretation:

(53) The athlete realized her shoes somehow got left on the bus.

The athlete realized her shoes is just weird. So, if people interpret the beginning of ¢
tence (53) as having a subject, a verb, and a direct object, they should slow down w*
they read the word shoes. But recall that realized hates direct objects and really ¥
sentence complements. If the parser uses this information immediately, then coms
henders should never consider realized her shoes as going together inside the same ¢
phrase, In that case, comprehenders should have no difficulty with (53), because #
will correctly package her shoes together with somehow got left on the bus to make?
sentence complement. When sentences like (53) were used in an eye-movement e
ment, readers did slow down at shoes, suggesting that they did consider the (incor’
direct-object interpretation, which would mean that in this case they favored the s
structure over the likely structure (Pickering et al., 2000).

The second criticism of the constraint-based approach relates to the abses’
evidence that sentences with simple syntactic structures are ever hard to process
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return for a moment to the sentence The burglar blew up the safe with the rusty lock.
According to the constraint-based referential theory of sentence processing, the right
kind of story context will cause comprehenders to favor, assign more activation to, or
have a bias toward, the more syntactically complex noun-modification interpretation. If
that is the case, then when the structurally simple sentence appears in a context that sup-
ports the more complex structure, that should make the simple structure harder to pro-
cess. To date, no such evidence has appeared. Researchers have looked for analogous
effects in other sentence types, also without success so far (with one exception, Sedivy
(2002), Experiment 4).

Consider, for example, the main clause construction in (54) (Binder et al., 2001, p.
312):

(54) The criminal exiled his undependable partner and changed his identity.

Sentences like (54) can be embedded in a story where there are two different criminals.
Similar to the burglar blew up the safe case, a two-criminal context should encourage
comprehenders to favor the complex, reduced relative structure over the simple main
clause one as people read the beginning of the sentence (The criminal exiled ...). If con-
text changes people’s structural preferences in that way (and as predicted by a generic
constraint-based account), then sentences like (54) should be harder to process when
the story mentions two criminals than when it mentions only one. However, sentences
like (54) appear to be relatively easy to process regardless of what information appears in
preceding context.

Further criticisms of the constraint-based approach to parsing relate to the testability
of various constraint-based proposals and the fact that some types of sentences do not
seem to be very susceptible to context effects; interested readers should consult Pickering
and van Gompel (2006) for further details, and MacDonald and Seidenberg (2006) for
additional arguments in favor of constraints.

More recent theoretical developments in sentence processing have attempted to move
beyond the older two-stage and constraint-based processing accounts, while retaining
the best features of each approach. Let’s briefly consider three of these more recent
developments.

Construal

The construal account is essentially a refinement of the classic garden path parsing the-
ory (Frazier and Clifton, 1996). Construal retains the idea that parsing occurs in discrete
stages, but it adopts the idea that context can influence which structure the parser prefers
and the idea that the parser can sometimes build multiple structures simultaneously. If
that sounds a lot like a constraint-based parser to you, pat yourself on the back. But con-
strual differs from the average constraint-based account in that there are a limited set of
circumstances under which the parser will respond to contextual information or build
syntactic structures in parallel. Most of the time, the construal parser will behave just
like the garden path parser. In fact, it will even use the same late closure and minimal
attachment heuristics to make definite decisions about which structural alternative to
pursue. How does the parser decide which strategy to use?

To answer that, we need to think about different kinds of relationships between
words. Construal says that dependencies between words can come in two flavors, pri-
mary and non-primary relations. Primary relations correspond roughly to argument
relations as defined earlier. Non-primary relations correspond to everything else. All

Limitations, Criticisms, and Some Alternative Parsing Theories ﬁ
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178 other things being equal, the parser prefers to treat incoming material as though it rep-
resents a primary relation. When the parser Interprets an incoming wotd or set of words
as representing a primary relation, It makes its structural decislons based on the stand.
ard garden path processing heuristics. But when the incoming materlal can't be Inter:
preted as reflecting a primary relation, the parser will use a different strategy to deal with
the material. In the first stage, the parser will affiliate the Incoming materlal to the pre-
ceding sentence context. During this stage, the parser will simultaneously conslder all
possible attachment sites for the incoming materlal—effectively bullding multiple syn-
tactic structures simultaneously. During a following stage of processing, the parser eval.
uates the different structural possibilities in light of the story context, sentence-level
meaning, and other possibly “non-syntactic” sources of Information,
To explore the construal parser in greater detail, consldet sentences (55) and (56):

Sentence Processing

(55) The daughter of the colonel who had a black dress left the patty.
(56) The daughter of the colonel who had a black mustache left the party.

In (55), people generally interpret the relative clause who had a black dress as going with
daughter rather than colonel. In (56), they interpret the relative clause who had a black
mustache as going with colonel rather than with daughter, Before you start writing an
angry e-mail to my boss (her name is Debra): Of coutse, it is possible for a colonel to
have a black dress. First, colonels can be female. Second, I'll bet you that some male
colonels have black dresses in the back of their wardrobe. And yes, it Is certalnly possible
for a colonel’s daughter to have a black mustache. Despite these possibilitics, most people
automatically interpret the sentences in the way just described.

If comprehenders apply the late closure heuristic to parse (55) and (56), they should
have an easier time processing (55) than (56). (See if you can work out why this should
be the case.) But the construal account says that who had a black dress and who had a
mustache are adjuncts of the preceding noun, and so represent non-primary relations.
Under those conditions, the parser affiliates the relative clause to the preceding context
and simultaneously looks for every place that the relative clause could attach, In (55)
and (56), there are two possible hosts for the relative clause (daughter and colonel). In
(55), the daughter-related structure works well given the meanings of all of the words
involved, and in (56) the colonel-related structure works well, So, when it comes time to
evaluate the different structural possibilities, there s always one good one. As a result,
the construal account predicts no difference in difficulty between (55) and (56), and

this is the pattern that actually occurs when participants’ reading times are measured |
(Traxler et al., 1998; for further evidence relating to the construal account, see Frazies |
and Clifton, 1996.)

Good-enough parsing

Fernanda Ferreira’s good-enough parsing hypothesis represents a recent, more radic?
departure from the classical approaches to parsing and interpretation (Blott et al,, 2020
Christianson et al., 2006; Ferreira et al., 2002, 2001; Ferreira and Patson, 2007), Goos
enough parsing starts by asking, “What good is parsing, anyway? Do we really need '
The short answer to these questions is: Sometimes we don't need syntax and parsing )
all. For example, if you know someone is communicating about cheese, a mouse, and »
act of eating, you can be highly confident that after the event, the cheese Is gone amd
mouse is heavier, rather than the other way around. In this case, syntax provides v
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that are redundant with the lexical information, The words by themselves tell you every-
thing you need to know, and there is no need to compute syntactic structure to recover
the speaker’s intentions or the event that inspired the act of communication. In fact,
there is some evidence that the lexical level can overpower the syntactic level when the
two are placed in opposition. Consider, for example, the passive sentence (57):

(57) The mouse was eaten by the cheese.

This sentence sets up a conflict between the lexical-semantic content of the individual
words and the sentence meaning that should be derived given standard assumptions
about parsing and interpretation. If we transformed sentence (57) into an active form,
we would get (58):

(58) The cheese ate the mouse.

But if we rely just on the lexical information, we would get the interpretation expressed

by (59):
(59) The mouse ate the cheese.

One very basic question that researchers have addressed is: What meaning do people
assign to sentences like (57)? If they build the correct syntactic structure for (57), they
should come up with the interpretation in (58). If they just go with the lexical informa-
tion and don't bother with doing a whole bunch of syntactic parsing, then they will prob-
ably come up with the (more sensible, but unlicensed) interpretation in (59). When
people are given sentences like (57) and are asked to choose the best paraphrase or sug-
gest an active sentence on their own that expresses the same meaning, many people
come up with the sensible, rather than the grammatically licensed, interpretation. This
suggests that people may not always compute syntactic relations between words in sen-
tences or that, when the syntax and the lexical level disagree, people prefer to base their
interpretation on default lexical-semantic associations. Either outcome would go against
standard assumptions about how sentences are interpreted—that people look up words
in the mental lexicon, structure the input, and use semantic rules to assign a standard
meaning to the structured input.

Further evidence that people fail to construct the correct structure for some sen-
tences comes from sentences like (60):

(60) While the hunter was stalking the deer drank from the puddle.

If participants parse this sentence correctly, they should not interpret the sentence to
mean that the hunter was stalking the deer. But when participants were asked directly
after reading the sentence “Was the hunter stalking the deer?,’ they would very likely
answer “yes.” That is the result that one would expect if readers left the deer attached as
the direct object of was stalking, but that structure is not licensed by the grammar. You
may object that just because, under the correct parse, the sentence does not explicitly say
that the hunter was stalking the deer, there is nothing in the sentence that directly con-
tradicts that interpretation. To address that criticism, researchers ran an additional set of
experiments using sentences like (61):

(61) While the hunter was stalking the deer in the zoo drank from the puddle.

—
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Because it is very highly unlikely that a hunter would stalk an animal in a zoo, the correct
syntactic structure should lead participants to an interpretation where the hunter is
stalking something besides a deer. Nevertheless, when participants in this study were
asked the same question, “Was the hunter stalking the deer?;” they were likely to respond
“Yes.” How can that be?

According to the good-enough parsing hypothesis, comprehenders set a threshold
for understanding. If the communicative context is high stakes and getting the meaning
right is really important, comprehenders will allocate sufficient resources to build syn-
tactic structures licensed by the grammar. Additionally, in those cases where the com-
prehender initially builds a faulty or incorrect syntactic structure, they will undertake
the processes necessary to revise that structure, even if doing so is effortful and resource
intensive. However, in most experimental contexts, the stakes are very low (for the par-
ticipants, anyway), there are no consequences for failing to interpret, and the sentences
tend to be tricky and abstract, and refer to little or any real-world content. Under those
conditions, participants will do just enough syntactic processing to come up with some
meaning. If the syntax is tricky, as it is in sentences like (60) and (61), and participants’
thresholds for feeling like they understand is low, they may not recognize that there is 2
problem with the syntax—either because they are not actually parsing the input or
because they are satisfied with a structure that is not licensed according to the standard
grammar.

On top of inability or reluctance to build syntactic structure, comprehenders may be
unwilling to abandon an interpretation just because the interpretation is not supported
by a licensed parse. For example, it appears that participants in garden path experiments
stick with their initial semantic interpretations, while simultaneously showing signs thzt
they are undertaking syntactic revisions at least some of the time. For example, partici-
pants persist in thinking that the hunter was hunting deer in sentences like (60) and (61,
even though the correct parse, especially of sentence (61), seems to rule out that interpre-
tation. Other experimental evidence also suggests that comprehenders are less likely

successfully revise an initial interpretation when a change in syntactic structure entails :
change in meaning (Van Gompel et al., 2006). So, participants appear to maintain initiz
syntactic commitments when changing a syntactic structure involves changes in seman
tic interpretation as well.

One problem in distinguishing between the good-enough parsing account and alte-
native accounts is that we need to have a way to tell the difference between an error 2=
a good-enough parse. If someone reads a sentence and comes up with the wrong meas
ing, is this because the system is designed to mis-parse the sentence (as assumed und:
the good-enough parsing account)? Or did they just make an error? In practice, thes
two possibilities are extremely hard to distinguish experimentally. So, we will need mer
studies before we can choose whether some version of a determinate parser (like @
garden path, constraint-based, and race-based parsers) or a good-enough parser me

closely describes the mechanism that people actually carry around in their heads.

Parsing Long-distance Dependencies

So far, we have been considering the processing of sentences where the words that:
together to make phrases appear right next to one another as the sentences are produ’
For example, in a simple active sentence like (62), the subject, verb, and direct objex!
all adjacent to one another.
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(62) The girl chased the boy.

Thus, the relationships between the words in the sentence are classified as local depend-
encies. Many sentences have long-distance dependencies (sometimes called non-local,
sometimes called unbounded dependencies), where the words that have close syntactic
relationships appear in separate locations in the sentence. Sentence (63) has a meaning
very similar to sentence (62), but instead of having all local dependencies, it has some
long-distance dependencies.

(63) It was the boy whom the girl chased.

In sentence (63) the boy is the object argument of the verb chased, but rather than com-
ing right after the verb (which is the normal pattern in English), the boy appears before
the verb chased. As a result, the boy and chased together form a long-distance depend-
ency. (See if you can think up some other examples of sentences where there are long-
distance dependencies.)

Sentences like (62) and (63) are closely related in meaning and, according to some
theories of sentence representation and interpretation, they have a common underlying
syntactic representation. For example, Noam Chomsky’s gaps-and-traces account says
that people plan and produce sentences like (63) starting with a canonical form like the
one that you would use to represent the syntax of sentence (62), see (64) (Chomsky,
1965, 1981). Canonical syntactic form corresponds to the simplest possible phrase struc-
ture that could be used to express the syntactic relationships between the words in a
sentence. If we have two actors, a boy and a girl, and an action of chasing, the form in
(64) is the simplest structure we could use to express the idea that the girl chased the boy.

(64) s
NP VP
v NP
The girl chased the boy

To produce the more complex sentence (63), the gaps-and-traces hypothesis says that
people perform transformations on the canonical form. These transformations involve
moving the boy out of its normal direct-object position following the verb chased into a
position closer to the beginning of the sentence. (Speakers do this when they are trying
to draw more attention to the recipient of the action.) Moving the boy out of the chased
VP leaves a void in the syntactic structure of that clause. Chased needs a direct object,
and because boy is no longer there to be the direct object, something has to happen,
otherwise the structure would violate the grammar. What happens, according to gaps-
and-traces theory, is that people insert a mental placeholder to take the place of the miss-
ing direct object. This mental placeholder is called a gap or gap site. The resulting
representation of the chased VP looks like the one in (65).

Parsing Long-distance Dependencies E
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(65) VP

The boy [i] /\

v NP

chased [0i]

In sentences like (63), the NP the boy is called a filler or filler phrase. According to
some linguistic accounts, sentences where all the dependencies are local are parsed by
associating words directly with one another. But long-distance dependencies are pro-
cessed by associating fillers with gaps, rather than by associating fillers directly with the
words that govern how they are to be interpreted. So, to parse a sentence like (63), people
first identify the filler phrase the boy. The boy can be recognized as a filler because the
phrase It was ... oftentimes precedes a displaced element like the boy (although some-
times it will be used in a simple declarative statement like It was lunchtime). Having
identified a filler phrase, people start looking for a place to put it. Right after the verb
chased, they infer or posit a gap site—because chased is missing its direct object. They
associate the filler phrase with the gap site and then they associate the gap site with the
verb chased. Associating the filler phrase and the gap site establishes a “trace” (analogous
to a mental pathway) between the filler and the gap site. Doing so allows people to rec-
ognize that the boy goes together with chased, the verb phrase with chased is complete.
and interpretation can be completed.

Is there any evidence that gap filling is a real psychological process? The short answer
is “yes” Some experimental evidence comes from cross-modal priming and cross-moda.
naming experiments (Nicol and Pickering, 1993; Nicol and Swinney, 1989; see also
Atkinson et al., 2018). In a cross-modal experiment, participants are exposed to languags
coming in from two different senses—hearing and vision—at different times. For exam-
ple, people might listen to a sentence like (66):

(66) That's the boy that the people at the party liked [gap site] very much.

In (66), the boy is a filler phrase, and the gap site appears right after the verb liked. If gz
filling is a real psychological process, something special should happen when peopi=
reach the gap site. To find out whether something special happens, researchers showe=
participants target words on a computer screen at different points in time as the partic-
pants were listening to sentences like (66). The researchers measured how long it tocs
participants to respond to the visual target words. If the participants responded quick
that suggests that information associated with the target words was particularly activatec
or accessible, If people responded more slowly, that suggests that information associate<
with the target words was less activated. According to the gaps-and-traces accous:
information about the filler phrase (the boy) should be particularly active and accessidi |
right at the gap site. So, if one measured how long it takes people to respond to the fill=|
word itself, people should respond especially quickly right after the verb liked. To ==
that prediction, researchers interrupted the spoken sentence right before the verb
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(where nothing special should be happening) and right after the verb liked (i.e. at the gap
site, where something special should be happening), and presented a visual target word.
Participants would have to respond to the target word by saying it out loud (“naming” it)
as fast as they could. In the experiment, participants responded to target words (like the
boy) or semantically associated words (like the girl) faster after than before the verb liked.
So it looks like something special did happen right where the gaps-and-traces account
says it should.

Sentences like (66) only have one filler phrase and one possible gap site. Other sen-
tences are more ambiguous. For example, sentence (67) has two places where the filler
phrase could go (but it actually only goes in one of them, the second one):

(67) That’s the boy that the girl liked [possible gap site] to ignore [actual gap site].

(See if you can think of a sentence that has three possible gap sites.) The possible gap site
in (67) is sometimes called a doubtful gap because, although it could be the place where
the filler goes, the filler does not have to go there (and in this case, it doesn’t). How do
people parse sentences with multiple possible gap sites? According to Janet Fodor’s active
filler strategy, the parser tries to put the filler into every possible gap site as soon as it
locates one (Fodor, 1979, 1989). If that were the case, then people would routinely mis-
parse sentences like (67). When they encountered the filler phrase the boy, they would
start looking for a gap to put it in. There is a possible gap right after liked, because the
verb liked can have a direct object (i.e. the sentence could have been the equivalent of
The girl liked the boy). But if the parser assigns the boy as the direct object of liked, there
will be no room for the actual post-verbal complement of liked, the infinitival phrase to
ignore. The active filler strategy therefore predicts that sentences like (67) are a kind of
garden path sentence. People first put the filler in the wrong place (in the doubtful gap
after liked.) When they hear to ignore, they know that this filler-gap assignment is incor-
rect, and they re-parse the sentence so that the boy is inside the infinitival phrase to
ignore (and so people eventually interpret the sentence in the correct way, as meaning
The girl liked to ignore the boy). In fact, sentences like (67) that have a doubtful gap in
them are more difficult to process than equivalent unambiguous sentences when the
first gap site is not the correct host for the filler phrase (Pickering and Traxler, 2001,
2003; Stowe, 1986).

Not all linguists and psycholinguists agree that gaps and traces are involved in the
parsing of long-distance dependencies. Some theories of grammar do not include gaps
as an element of their representational systems—e.g. Head-Driven Phrase Structure
Grammar, or HPSG (see Sag et al., 2003). Some accounts of parsing also do away with
the concept of a gap (Pickering and Barry, 1991, 1993). One such account, Martin
Pickering and Guy Barry’s gap-free parsing account, says that local dependencies and
long-distance dependencies are handled in the same way: words are associated directly
with one another. So, rather than finding a gap site, when the parser spots a filler phrase,
it looks for a word that is missing one of its partners. For example, instead of associating
afiller with a gap, and then associating the gap with a verb, the parser associates the filler
directly with the verb. How can we decide whether the gaps-and-traces account or the
gap-free account does a better job of describing what people actually do when they parse
and interpret sentences?

The approach taken by some researchers is to look for sentences where the critical
verb comes before the hypothetical gap site. If something special happens at the verb,
that would suggest that the filler is associated directly with the verb. If nothing special

Parsing Long-distance Dependencies ﬁ
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happens before people get to the gap site, then that would suggest that the filler is associ-
ated with the gap, and not directly with the verb. In sentences like (68), the gap site
comes well after the verb that goes with the filler:

(68) That's the pistol [filler] with which the killer shot the helpless man [gap] yesterday.

The gap site is after man in (68) because, if the sentence were “de-scrambled,” it would
say The killer shot the helpless man with the pistol yesterday. Does anything special hap-
pen at the verb? To find out, researchers compared reading times for sentences like (68)
with reading times for sentences like (69):

(69) That’s the pistol [filler] in which the killer shot the helpless man [gap] yesterday.

(69) differs from (68) by only a single word (in instead of with). Changing the preposi-
tion from with to in changes the meaning of the sentence so that (69) makes a lot less
sense than (68). In particular, sentence (69) stops making sense at the verb shot if people
immediately associate the filler phrase the pistol with the verb. If people wait until they
get to the gap site after man, then they will not notice that (69) is odd until well after the
verb shot. Normally, when a sentence stops making sense, processing load goes up as
people try to diagnose what is wrong and correct the problem. So, researchers can use
reading time to tell whether processing load has increased. When reading times for (68)
are compared to reading times for (69), reading times for (69) are much longer starting
at the verb shot (Pickering and Traxler, 2001, 2003; Traxler and Pickering, 1996). Since
the verb shot comes a long time before the hypothetical gap site, it looks like people
associate the filler phrase directly with the verb, rather than with a gap. Results like these
have motivated some theorists to say that gaps are not necessary, and so they prefer theo-
ries that say syntactic structure representations do not include anything like a gap. An
additional advantage of the gap-free approach is that we do not need special and differ-
ent syntactic structure-building processes to handle long-distance dependencies. Both
local and long-distance dependencies are parsed by associating words directly with one

another.

Summary and Conclusions

Parsing is an important aspect of interpreting sentences. This chapter has reviewed evi-
dence for and against two- and one-stage theories of human parsing processes. The
available evidence suggests that the parser makes use of a wide variety of informatien
very quickly as it is figuring out how words in sentences relate to one another. As 2
result, many researchers have adopted some version of the constraint-based processing
framework to explain how parsing is accomplished. They view syntactic parsing 2=
resulting from the operation of distributed neural networks. Alternative parsing
accounts agree with some of the theoretical claims made by constraint-based advocates.
such as simultaneous consideration of different syntactic structures, but without agree-
ing that current neural network models capture all of the key aspects of people’s parsing
processes. The chapter also described the difference between local and long-distance
dependencies and showed that the direct-association hypothesis could explain how
both local and long-distance dependencies are parsed and account for experiment=
results in each domain.
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TEST YOURSELF

1. Describe the relationship between sentence structure and sentence meaning.
How does the way that we organize words in sentences influence the meanings
we assign to those sentences?
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2. What do experiments in which reading times are measured tell us about the
process of interpreting a sentence? What do these experiments have to say
about incrementality and immediacy?

3. Describe a prominent two-stage account of sentence processing. What experi-
mental evidence supports such an account?

4. What kinds of information can influence the process of building a syntactic
structure for a sentence? Give examples of each kind of information.

5. Explain how constraint-based models differ from two-stage models. Describe
experiments that support constraint-based models of sentence processing.

a

Describe the argument structure hypothesis. How does it compare to two-stage
and constraint-based accounts? Why might a person believe in the argument
structure hypothesis?

7. Describe two alternatives to both the two-stage and constraint-based accounts
of sentence processing.

8. Describe how long-distance dependencies differ from local dependencies.
Describe two accounts of long-distance dependency processing.

THINK ABOUT IT

1. Draw phrase-structure diagrams for the following sentences. (Hint: (¢) may be
better represented using a dependency diagram than a phrase-structure tree.
Ask your professor for help if you get stuck.)

a. Hungry monkeys ate tasty bananas.
b. Bananas tasty monkeys hungry ate,
c. Tasty bananas ate monkeys hungry.

What do you see when you compare the different kinds of sentences? Which
one do you think would be easiest to produce or comprehend? (More hints: (a)
is typical in English, (b) is more like Japanese, (c) is like Latin.)

2. Design an experiment to investigate how people respond to syntactically
ambiguous sentences. Write some syntactically ambiguous sentences. Write some
unambiguous sentences that mean the same thing. Ask your classmates or your
friends to provide ratings for the sentences—how much do they like each one, or
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how much sense do they make, or how grammatical are they, or how hard are
they to understand? Which dependent measures do you think will have different
values for the ambiguous sentences compared to the unambiguous ones? Which
measurements do you think will be the same for ambiguous and unambiguous
sentences? What do you think accounts for these differences (or lack thereof)?

Note

1 Although some theorists contend that phrase structure representations apply universally, they may not be
particularly good descriptions for languages that allow words from different phrases to be intermixed
These scrambling languages may be better described in terms of dependencies, rather than phrase struc-
tures (Evans and Levinson, 2009).
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