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Abstract

There is abundant evidence that when processing sentences, language understanders activate perceptual and motor simulations of described scenes. Cognitively oriented theories of language claim that these mental simulations are the joint product of contributions from content words – such as nouns and verbs – and grammatical constructions. This study investigates the simulation effects of a particular pair of grammatical constructions, English progressive and perfect constructions. Simulation-based models of language understanding predict that progressive aspect (such as is pushing) instructs understanders to construct detailed mental simulations of the core process of described events, while the perfect (such as has pushed) focuses mental simulation on the resulting endstate instead. Using the Action-sentence Compatibility Effect methodology (Glenberg & Kaschak, 2002), we show that progressive sentences about hand motion facilitate manual action in the same direction, while perfect sentences that are identical in every way except their aspect do not. The broader implication of this finding for language processing is that while content words tell understanders what to mentally simulate, grammatical constructions such as aspect modulate how those simulations are performed. 

1. Introduction

Human language distinguishes itself from all other animal communication systems by its developed use of grammar – abstract organizational rules or schemas that allow words and other linguistic units to be combined in constrained ways. Grammar is responsible for the organization of linguistic units into hierarchical structures, and this combinatoriality is responsible for the infinitely productive character of human language. These functions would seem sufficient to qualitatively differentiate human from non-human communication. And yet, cognitively oriented approaches to language (Langacker, 1987; Lakoff, 1991; Talmy, 2000) claim that grammar bears an even greater burden than supplying the formal structure of sentences. They look at sentences differing only in their grammatical markings, like (1a) versus (1b), and argue that these grammatical constructions produce systematically different interpretations. For instance, progressive aspect, as in (1a), may yield a detailed mental picture of the central action (the act of pushing on the drawer), while the perfect aspect, as in (1b), may lead the understander to focus mental imagery on the endstate of the event – the drawer in its final, closed position. If this is demonstrably true, it suggests that the power of human grammar lies not only in formally structuring utterances, but additionally in allowing speakers to configure or modulate the mental experiences that understanders have when internally representing the content of utterances. 

(1)
a. 
John is closing the drawer.


b.
John has closed the drawer.

Evidence from offline meaning-assignment tasks indeed shows that when words are held constant, native speakers systematically use grammatical differences to assign interpretations to sentences. Grammatical structures that demonstrably affect interpretation include argument structure constructions (Kaschak & Glenberg, 2000; Bencini & Goldberg, 2000), as well as the grammatical mechanism of interest in this paper, aspect. Grammatical aspect is marked in every human language. Broadly speaking, whereas tense provides an indication of when a described event takes place (in the past, the present, or future), aspect marks the structure of the event – whether it is ongoing, completed, beginning, etc. (Comrie, 1976; Dowty, 1977). The most widely discussed aspectual distinction is between the progressive (1a), which linguists argue accentuates the internal structure of an event, and the perfect (1b), which has been claimed to encapsulate or shut off access to the described process, while highlighting the resulting endstate (Comrie, 1976; Dowty, 1977). Naïve native speakers agree with these intuitions in tasks where they are asked to decide whether events are completed (Magliano & Schleich, 2000) or to match pictures to sentences (Madden & Zwaan, 2003). 

Behavioral evidence using fine methods provides convergent evidence that progressive sentences yield processing of the internal process of an event, while the perfect drives processing of the event's endstate. Magliano and Schleich (2000, Experiments 3 and 4) had participants read narratives in which critical sentences were either perfect or progressive. They then saw a linguistic probe, which described the critical event without tense or aspect marking (e.g. close drawer), and had to decide whether that event had been described in the narrative. Participants were significantly faster to indicate that the event had been mentioned previously when it had appeared in the narrative with progressive, rather than perfect aspect. This seems to indicate that the progressive does indeed allow greater access to – or activation of – a representation of the described event. Other work demonstrates that not only events as a whole, but also participants in those events, are more accessible in progressive than perfect sentences (Carreiras et al., 1997). Complementary evidence on the function of the perfect comes from Madden and Zwaan (2003), who found that perfect sentences increase endstate focus, when compared with their progressive counterparts. Participants in their Experiments 2 and 3 read either progressive or perfect sentences, then saw an image depicting the event in an ongoing state (e.g. a drawer being closed) or a completed state (e.g. a drawer completely closed). The experimenters found that participants responded to completed-state pictures faster than ongoing-state pictures following perfect sentences. This suggests that the language understanders were not representing the internal structure of events described with the perfect, so much as their resulting endstates. 

These findings compellingly demonstrate that progressive aspect increases access to or activation of the internal components of described events, and that perfect aspect does the same for the resulting endstates of events. However, there are two clearly distinct mechanisms that could account for these results. As Madden and Zwaan (2003:669) note, current work "does not provide discriminating evidence on whether representations formed during language comprehension are perceptual simulations of the described events, as theorized by Barsalou (1999), or amodal, propositional representations of the events (Carpenter & Just, 1992; Kintsch, 1988)." Let us consider first the former, simulation-based view. It proposes that the effects of aspect (or other grammatical devices) on language understanding result from understanders performing modal (that is, perceptual or motor) imagery or simulation of described scenes (Zwaan, 1999; Bergen & Chang, 2005). On this account, language understanding in general consists of processing linguistic input and passing it to modality-specific neuro-cognitive systems (Barsalou, 1999), which are able to construct internal simulations of the percepts (Zwaan, 1999; Stanfield & Zwaan, 2001; Zwaan et al., 2002; Richardson et al., 2003; Matlock, 2004; Bergen, 2005) and actions (Glenberg & Kaschak, 2002; Bergen et al., 2004; Tseng & Bergen, 2005; Zwaan & Taylor, 2006; Borreggine & Kaschak, In press), and perhaps affective states (Havas et al., ms.) that correspond to the content of an input utterance. In such a system, grammatical cues provide second-order instructions to the mental simulation capacity, indicating, for instance, what perspective to adopt in a mental simulation (MacWhinney, 2005), or what part of the described event to focus mental simulation on most intently (Chang et al., 1998). 

But existing findings equally well support a second view, on which the contributions of grammatical aspect to meaning can be fully captured through amodal, propositional representations (Bach, 1986; Partee, In press). On this Amodal Semantics view, grammatical aspect serves to configure the logical semantics of described sentences – for instance by creating a new node in a semantic or syntactic tree, or by assigning a feature value to an Aspect feature (Travis, In Prep). On this amodal view, such symbolic representations are seen as sufficient to account for the different meaning configurations provided by specific aspectual markers – in other words, for capturing their contributions to meaning. The study described below provides evidence that aspectual constructions systematically modulate mental simulation. This in turn is evidence that abstract amodal symbols are insufficient to account for the contributions of grammar to meaning. 

In particular, we investigate the effects of grammatical aspect on what part of a described scene is mentally simulated. The mental imagery literature is rich with demonstrations that mental focus can be placed on different parts of a simulated scene (Denis & Kosslyn, 1999; Mellet et al., 2002; Borghi et al., 2004). Simulation-based accounts of the function of aspect predict that sentences with progressive aspect (1a) should yield mental simulation of the process or nucleus of the described event, while corresponding perfect descriptions (1b), which focus mental simulation on the resulting endstate of the event, should not (Chang et al., 1998; Madden & Zwaan, 2003; Bergen & Chang, 2005). Conversely, the function of the perfect to highlight the endstate of an action ought to yield simulation directly depicting the endstates of described events while cutting off simulation of the nucleus of the event. We test the first of these predictions. 

To test the hypothesis that aspect modulates mental simulation, we conducted an Action-sentence Compatibility Effect experiment (Glenberg & Kaschak, 2002), where participants pressed a button – which was located in the middle of a keyboard – to trigger the visual presentation of a sentence on the screen. When they released the button, the sentence disappeared, and they then pressed a second button to indicate whether the sentence was meaningful or not. Critically, the second button was located either closer to or farther from the participant's body than the first, so pressing it required them to make a hand movement either towards or away from their body. Previous studies (Glenberg & Kaschak, 2002; Bergen & Wheeler, 2005; Tseng & Bergen, 2005; Borreggine & Kaschak, To Appear) have shown that when the direction of motion described by a sentence is the same as the direction of the response arm movement, participants perform faster manual responses.

(2)
a. 
John is closing the drawer.

b. John is opening the drawer.

(3)
a. 
John has closed the drawer.


b. 
John has opened the drawer.

The key independent variable was whether the direction of the participant's response action was compatible or incompatible with the direction of action described in the sentences. To test for effects of aspect on mental simulation, we conducted two experiments, which differed only in the aspect of the stimuli. Participants in Experiment 1 read progressive sentences, as in (2). We expected to find a significant Action-sentence Compatibility Effect in this experiment. Participants in Experiment 2 read perfect sentences, as in (3), which were hypothesized not to yield simulation detail pertaining to the actual motor performance of the action. (We used the present participle has Xed because it is an unambiguous marker of perfective aspect, unlike the simple past Xed, and also because it is matched for tense (present) with the present progressive is Xing.) In this way, the two experiments will allow us to test the prediction of simulation-based approaches to grammar that progressive sentences will drive imagery of the event's nucleus, but perfect sentences will not. 

2. Experiment 1: Progressive

2.1. Participants and Materials

Fifty-five University of Hawai`i at Manoa students participated in exchange for either course credit in an introductory linguistics class or $5. All were right-handed native English speakers. 

A total of 200 sentences were created: 80 meaningful critical sentences, 40 meaningful filler sentences, and 80 non-meaningful filler sentences.  The 80 critical sentences (in the Appendix) were composed of 40 pairs of sentences. In each pair, one sentence denoted motion forwards, away from the body and the other denoted motion backwards, towards the body.  These 80 critical stimuli were of two types. One set of 40 consisted of 20 pairs of transitive sentences that critically differed only in their object noun phrase (4a). The second set consisted of 20 pairs of transitive sentences that critically differed only in their main verb (4b). We expected these two sets of sentences, which both described literal hand actions towards or away from the body, to yield similar Action-sentence Compatibility Effects. However, we separated them out for analysis in order to observe any eventual differences. All referents in all sentences were third-person. In this Progressive experiment, all sentences were in the present progressive tense (4). 

(4)
a. 
Richard is beating (the drum/his chest).


b. 
Carol is (taking off/putting on) her glasses 

Sentence pairs were drawn (with some modifications) from the stimuli used by Glenberg and Kaschak (2002), in addition to newly generated ones conforming to the criteria described above. These potential stimuli were then submitted to a norming study in order to choose pairs whose members encoded the appropriate direction of motion. In the norming study, 12 participants, all native speakers of English, were instructed to decide if the described action required movement of the hand toward or away from the body.  To respond, they pressed buttons labeled toward and away or, neither.  Only verb pairs each of whose members received more then 50% of their scores in the appropriate direction and had no more than 25% in the opposite direction were included in the critical stimuli. 

2.2. Design and procedure

Each participant saw 160 sentences, composed of all 120 fillers and one sentence from each of the 40 critical pairs. Each run of the experiment was split into two halves. For all participants, the 'YES' button was farther from them and the 'NO' button was closer to them in the first half. The button assignments were switched for the second half of the experiment. For each participant, the direction of critical sentences (toward the body and away from the body) was crossed with response directions (YES-is-far or YES-is-close) by placing half of the critical sentences in each of two halves of the experiment. This produced four versions of the experiment, and each participant was randomly assigned to one of the four versions prior to beginning the experiment. Thus, half of the participants answered each sentence in the YES-is-far condition and half in the YES-is-close condition.

For response collection, a standard personal computer keyboard was rotated 90° counter-clockwise so that it lay in front of the participant along their sagittal axis. In each trial, participants first saw a fixation cross, at which point they pressed and held a yellow button (the h key in the middle the keyboard) to reveal a written sentence until they had decided if (YES) the sentence made sense or (NO) it did not, whereupon they released the yellow button and pressed a button labeled 'YES' or 'NO' (the a or ' key). Participants were instructed to use only their right hand during the experiment.  Because the key assignments changed between the two blocks, a training session of 10 trials preceded each half of the experiment.

There are three measures of participants' responses that have shown Action-sentence Compatibility Effects. The first, reported by Glenberg and Kaschak (2002), is on the time it takes participants to read the sentence and then release the middle button. The second is on the time it takes participants to subsequently press the proximal or distal YES button to indicate that the sentence is meaningful (Bergen & Wheeler, 2005; Tseng & Bergen, 2005). Third, the effect can appear on the aggregate of these two (Borreggine & Kaschak, To appear). One factor that seems to influence where the effect is observed is whether sentences include the word you or not. In studies in which sentences describe actions either performed by you or on you, the effect appears on the earlier measure of middle-button release (Glenberg & Kaschak, 2002) or on a combined measure (Borreggine & Kaschak, To appear). However, in studies using only sentences describing actions involving third persons, the effect appears on the later YES-button press (Bergen & Wheeler, 2005, Tseng & Bergen, 2005). Since the stimuli in the current experiment all used only third person arguments, it was anticipated that the effect would appear on the YES-button press, and not on the button release. All results reported below are therefore measures of YES-button press times.

The Action-sentence Compatibility Effect involves faster button presses to indicate meaningfulness judgments when the direction in which participants have to move their hands is the same as the direction of motion implied by the sentence. We expected that if the progressive yields detailed mental simulation of event-internal actions, then this effect should be present in response to progressive sentences about concrete hand motions. 

2.3. Results and discussion

No participants or items were deleted for reasons of accuracy or outlying mean response times. All trials with incorrect responses and all responses shorter than 50ms or longer than 5000ms were removed. This resulted in the exclusion of less than 4% of the data. There were three independent variables: Sentence-Direction (towards or away from the protagonist's body), Response-Direction (towards or away from the experimental participant's body), and Sentence-Type (noun-manipulated or verb-manipulated). An Action-sentence Compatibility Effect would appear on the interaction between Sentence-Direction and Response-Direction in the form of faster responses when the two directions matched than when they didn't. This yielded the results reported in Table 1. 

	Experiment 1: Progressive Sentences

	Noun-manipulated
	
	
	
	

	Sentence-Direction
	Response-Direction
	Mean RT (msec)
	Std. Deviation (msec)
	N       

	Away
	Away
	358
	111
	55

	Away
	Toward
	375
	125
	55

	Toward
	Away
	383
	167
	55

	Toward
	Toward
	356
	116
	55

	
	
	
	
	

	Verb-manipulated
	
	
	
	

	Sentence-Direction
	Response-Direction
	Mean RT (msec)
	Std. Deviation (msec)
	N

	Away
	Away
	352
	116
	55

	Away
	Toward
	413
	214
	55

	Toward
	Away
	357
	130
	55

	Toward
	Toward
	358
	108
	55


Table 1 – Results from Experiment 1: Progressive sentences show an ACE

We performed two three-way repeated-measures ANOVAs, one each with participants and items as random factors. These three-way analyses showed a significant main effect of Compatibility in the participants analysis F1(1,54)=9.40, p<0.01, (p2=0.15, and in the items analysis F2(1,39)=6.52, p<0.05, (p2=0.15. Only one other effect approached significance, which was the interaction of Sentence-Type (noun-manipulated or verb-manipulated) with Response-Direction, which was marginally significant in the participants analysis F1(1,54)=3.12, p=0.08, (p2=0.06, and significant in the items analysis F2(1,39)=4.16, p<0.05, (p2=0.10. There was no interaction of the two different sentences types (4a versus 4b) with the Action-sentence Compatibility Effect.


Progressive sentences produced a reliable Action-sentence Compatibility Effect, regardless of whether the sentence encoded motion through contributions of the verb or noun. This is in line with predictions made by simulation-based theories of language processing, which claim that the progressive signals the understander to mentally simulate the nucleus of a described event. The second experiment, below, tests whether the Action-sentence Compatibility Effect disappears when sentences are presented with perfect aspect. 

3. Experiment 2: Perfect

3.1. Method
The experiment was in almost all ways identical to Experiment 1. The major difference was in the aspect of stimuli, which all had perfect aspect. All sentences were in the present perfect tense (3). Fifty-five members of the University of Hawaii community who had not participated in the first experiment took part in this experiment in exchange for course credit or $5. All incorrect responses and those that were faster than 50msec or slower than 5000msec were excluded from analysis. This resulted in elimination of less than 4% of the collected data. 

We reasoned that if perfect sentences focus mental simulation on the endstate of an event, then we should find no significant effect of action-sentence compatibility on response times with these perfect sentences. 

3.2. Results and discussion

The mean response times are shown in Table 2, below. There was a main effect of Sentence-Type that was significant by participants F1(1,54)=4.52, p<0.05, (p2=0.08 but not by items F2(1,39)=1.08, p=0.35, (p2=0.04 and an effect of Response-Direction that was significant by both participants F1(1,54)=5.08, p<0.05, (p2=0.09 and items F2(1,39)=7.47, p<0.01, (p2=0.12. There was also a interaction between Sentence-Type and Response-Direction, significant by participants F1(1,54)=5.29, p<0.05, (p2=0.05 but not items F2(1,39)=1.04, p=0.36, (p2=0.04. Turning to the Action-sentence Compatibility Effect, responses were slightly slower when the action participants had to perform was incompatible with the action described by the sentence, but this interaction between Sentence-Direction and Response-Direction was not significant by either participants or items (both Fs < 1). There were no other significant effects. 

	Experiment 2: Perfect Sentences

	Noun-manipulated
	
	
	
	

	Sentence-Direction
	Response-Direction
	Mean RT (msec)
	Std. Deviation (msec)
	N       

	Away
	Away
	404
	245
	54

	Away
	Toward
	395
	174
	54

	Toward
	Away
	388
	175
	54

	Toward
	Toward
	378
	140
	54

	
	
	
	
	

	Verb-manipulated
	
	
	
	

	Sentence-Direction
	Response-Direction
	Mean RT (msec)
	Std. Deviation (msec)
	N

	Away
	Away
	420
	191
	54

	Away
	Toward
	371
	139
	54

	Toward
	Away
	455
	273
	54

	Toward
	Toward
	389
	158
	54


Table 2 – Results from Experiment 2: Perfect sentences show no ACE

The absence of a significant Action-sentence Compatibility Effect when participants were presented with perfect sentences conforms to the notion that perfect aspect shuts off mental simulation of the core or nucleus of described events. Naturally, the absence of an effect in this case does not demonstrate that understanders perform absolutely no mental simulation of the core of described events when they are expressed using the perfect. But it does show that any mental simulation they do perform is different from that measured by Action-sentence Compatibility Effects reported elsewhere in the literature (e.g. Kaschak & Glenberg 2002, Borreggine & Kaschak In Press), and in Experiment 1, above. 

4. Comparison across experiments

Experiment 1, which used progressive sentences, yielded a significant Action-sentence Compatibility Effect, showing that when they process progressive sentences, understanders construct mental simulations of the nuclei of described actions. However, Experiment 2, which used perfect sentences, showed no such effect, demonstrating that perfect sentences do not drive understanders to perform the same sort of mental simulation. To produce a more complete view of the data, we combined the results from these two experiments in a single analysis, and performed two 4-way repeated-measures ANOVAs, one each with participants and items as random factors. The four independent factors were Sentence-Direction, Response Direction, Aspect, and Sentence-Type. These 4-way analyses showed only one main effect. Aspect was significant by items F2(1,39)=18.41, p<0.001, (p2=0.33 but not by participants F2(1,39)=1.62, p=0.21, (p2=0.02; overall, sentences in the perfect experiment were processed more slowly than ones in the progressive experiment. We also found three unanticipated interaction effects. First, the interaction of Aspect with Response-Direction was significant in both the participants analysis F1(1,109)=6.54, p<0.05, (p2=0.06 and the items analysis F2(1,39)=6.71, p<0.05, (p2=0.15. Second, the three-way interaction among Sentence-Type, Sentence-Direction, and Aspect was significant by participants F1(1,109)=4.75, p<0.05, (p2=0.04 and nearly so by items F2(1,39)=3.86, p=0.06, (p2=0.09. And finally, there was a three-way interaction among Sentence-Type, Response-Direction, and Aspect, significant by both participants F1(1,109)=8.30, p<0.01, (p2=0.07 and items F2(1,39)=5.13, p<0.05, (p2=0.12. None of these unexpected effects involved the Action-sentence Compatibility Effect (Sentence-Direction by Response Direction).  

We now turn to the theoretically interesting effects relevant to the current discussion. The Action-sentence Compatibility Effect, the interaction between Sentence-Direction and Response-Direction, yielded effects approaching significance in the analyses by participants F1(1,109)=3.62, p=0.06, (p2=0.03 and items F2(1,39)=2.56, p=0.12, (p2=0.06. This compatibility effect is understandably smaller in this analysis than in Experiment 1 on the progressive alone, since it conflates both progressive and perfect aspect conditions. We were also interested in the effect of Aspect on the Action-sentence Compatibility Effect. The interaction among Sentence-Direction, Response-Direction, and Aspect was not significant in either the participants analysis F1(1,109)=1.77, p=0.19, (p2=0.02 or in the items analysis F2(1,39)=1.78, p=0.19, (p2=0.05, but their F values were substantially larger than 1, reflecting a subtle difference between the presence of an ACE in Experiment 1 and its absence in Experiment 2. No other main or interaction effects reached significance.

To summarize thus far, Experiment 1, which used progressive stimuli, showed a strong Action-sentence Compatibility Effect, while this effect was absent in Experiment 2, which focused on the perfect. In an ANOVA combining these experiments, the Action-sentence Compatibility Effect approach significance. In addition, although the interaction among Sentence-Direction, Response-Direction, and Aspect did not reach significance, it showed a trend towards significance. The discussion below proposes several possible accounts of these findings.
5. General Discussion

As expected, we found faster manual responses to sentences using progressive aspect when the responses were in same direction as the motion described by the sentence (Experiment 1). However, perfect sentences did not produce any such effect (Experiment 2). These results (Figure 1) can be straightforwardly explained in terms of an effect of aspect on sentence processing. While progressive sentences drive understanders to mentally simulate the internal processes of described events, perfect sentences do not. 


[image: image1.wmf]
Fig. 1 – Mean response time (msec) showing a reliable compatibility effect in the progressive but not the perfect. Whiskers represent standard error.

However, there are other possible interpretations for these results. For one, although the results from the individual experiments were categorical (a significant effect of compatibility for progressive sentences but none for perfect sentences), it could be that the underlying behavior is actually graded. It could be that perfect sentences don't always fully shut off access to the nucleus of a described event. Some corroboration for this account comes from the non-significance of the interaction of the ACE with aspect in the combined analysis presented in Section 4. It could be that even perfect sentences yield small, subtle simulation effects – effects that our method was unable to detect at a conventional level of significance. Indeed, the theoretical literature leaves open the possibility that effects of aspect might be categorical or graded (Chang et al. 1998, Madden & Zwaan 2003). We hope that future work will tease apart whether the effects of aspect – and other grammatical markers – are categorical or graded. 


The work reported here addresses affects of grammar on mental simulation. Previous work on language-driven mental simulation has predominantly focused on how other characteristics of language contribute to simulation. The literature has convincingly shown that sentences about perception and action yield modal mental imagery, and more specifically that this imagery is affected by content words like nouns and verbs. The first and more general of these points is made by the finding that sentences describing different events produce measurably different simulations (see, for instance, Zwaan et al., 2002; Glenberg & Kaschak, 2002; Richardson et al., 2003). For instance, The chair toppled describes downwards motion of an object, and yields mental simulation in the lower part of the imagined visual field. By contrast, The mule climbed describes an upwards-oriented action, and yields perceptual simulation in the upper part of the visual field (Bergen, 2005). The second point is made by studies showing that manipulating specific content words (like nouns and verbs) across sentences influences the content of mental simulation (Zwaan et al., 2002; Richardson et al., 2003). For example, hand-motion verbs like "punch" demonstrably yield motor imagery revolving around moving the hand away from the body (Wheeler and Bergen, To Appear). These findings are in line with predictions made by simulation-based approaches to language understanding (Lakoff, 1987; Langacker, 1991; Talmy, 2000; Glenberg & Kaschak, 2002; Feldman & Narayanan, 2004; Bergen & Chang, 2005; MacWhinney, 2005; Feldman, 2006), which argue that content words provide the detailed content to be mentally simulated. On these views, words like nouns and verbs specify what category of object to simulate, what sort of event it is engaged in, what its properties are, and other higher-order instructions. 

But the current work on grammatical aspect addresses a different claim of these same simulation-based theories. Several models of language understanding, most notably the Indexical Hypothesis (Glenberg & Kaschak, 2002) and Embodied Construction Grammar (Bergen & Chang, 2005) fundamentally depend on grammar combining constituents of an utterance and constraining their contributions to mental simulation. On these views, grammar serves three functions with respect to mental simulation. First, it may contribute primary content to a mental simulation (Langacker, 1991; Goldberg, 1995, Kaschak & Glenberg, 2000). Second, it "assembles", "binds together", or "meshes" the contributions that content words like nouns and verbs make to the simulation (Glenberg & Kaschak, 2002; Bergen & Chang 2005), so that the individual actors in a scene are simulated with the right roles. And third, the characteristic tested in the work described above, it modulates second-order properties of the mental simulation to be performed. We use the term "second-order" here because in this function, grammar serves not to directly impose content to be mentally simulated, but rather operates over this content. Given a scene to be simulated, grammar specifies what part to focus on (Chang et al., 1998), what perspective to adopt (MacWhinney, 2005), and other such higher-order characteristics of simulation. The finding reported here, that progressive aspect drives understanders to mentally simulate the central process of a described motor event, while perfect aspect does not, corroborates the second-order effects of grammar.


The second-order effects of grammar on mental simulation are qualitatively different from the effects of content words. Whereas content words like Mary, drawer, or open point to specific experiences or categories of experience that can be simulated, grammatical aspect markers – and perhaps some other grammatical constructions – do not provide simulation content themselves. Rather, they appear to operate over the representations evoked by content words, modulating, for example, what part of an evoked simulation an understander focuses on, or the grain of detail with which the simulation is performed. 

The modulating function of grammar has concrete consequences for theories of the language understanding faculty. It stands to reason that if the way an entity or event is simulated depends on second-order constraints provided by grammatical structures, then there must be a process whereby the language comprehender assembles simulation instructions from each constituent word or grammatical construction before actually enacting a simulation. The understanding process (grossly characterized for the phrase is opening the drawer in Fig. 2) appears to proceed from word and grammatical construction identification to mental simulation by first passing through an intermediate stage whereby a set of specifications for simulation is assembled. This set of instructions includes specifications of those components of perceptual and motor experience to be simulated, provided by the content words in the utterance. In the example in Fig. 2, the verb open specifies an 'Open' schema, which has two roles – for an 'opener' and an 'opened' – and the noun drawer identifies a referent that is of the 'Drawer' category. In addition, the simulation specification includes higher-order constraints on how the simulation is to be performed, provided by the grammatical markings. The Progressive construction in Fig. 2 specifies the opening event as having ongoing event structure, meaning that its internal process will be mentally simulated. The simulation specification simultaneously serves as a means to combine the contributions to simulation from the various components of the utterance, and at the same time as a set of pointers to components of mental simulation.
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Fig. 2 – Aspectual markers contribute to mental simulation through an intermediate representation; illustrated by a schematic representation of processing the verb phrase is opening the drawer.

The findings reported here also have consequences for amodal symbol theories of language processing. In these approaches, understanding is fully achieved by evoking amodal, symbolic representations for the propositional or logical meaning of sentences, and mental simulation is not a critical part of the utterance-processing machinery. While appealing for their elegance and computability, such approaches can only offer post hoc explanations for the simulation-modulating effect of grammatical aspect. That is, it would in principle be possible to augment an amodal perspective with a mapping theory that converts propositional representations of described events into superfluous signals to the perceptual and motor systems. Since amodal theories do not predict that these mappings should occur, they would have to be posited on a post hoc basis, in response to experimental results demonstrating that certain components of grammar affect mental simulation in particular ways. 

Such a hybrid approach, while viable, would nevertheless have clear drawbacks. Post hoc explanations for empirical findings do not motivate new research because they do not reflect a constrained and predictive model. But equally importantly, the end result of such a strategy would be a system that quite closely resembles current, simulation-based models of language understanding (e.g. Bergen & Chang, 2005), in which linguistic representations are combined in a first step into a simulation specification, and then drive mental simulation (as schematized in Fig. 2). In order for amodal symbolic approaches to account for evidence of the simulation effects of grammar, like those reported here, they would have to do so in very much the same way that simulation-based models do – by positing an intermediate level of representation, in this case amodal symbols, which combine representations from linguistic elements and provide specific instructions to the mental simulation machinery.

There would be only one key difference between such an augmented amodal account and simulation-based models, and that would be in the part of the system to which the function of language understanding itself was assigned. In the amodal symbols approach, the amodal symbols are viewed as sufficient to capture meaning, and the simulation is a superfluous, downstream process. By contrast, in simulation-based models, the simulation is where all the action is. 

When we consider the range of functions that constitute understanding, a convincing case can be made that mental simulation is much better suited for them than would be a system of amodal symbols.  Understanding involves generating the appropriate modal inferences specific to a scene described by the utterance, producing the subjective experience of internally perceiving or performing the content of the understood utterance, and preparing the understander for future linguistic or physical action, among others. Mental simulation is a good candidate for performing these functions because it is enacted by parts of the perceptual and motor systems (Kosslyn et al., 2001; Pulvermueller et al., 2001; Hauk et al., 2004; Tettamanti et al., 2005), which systematically display these behaviors during actual action and perception. It is possible that an amodal symbol system could in principle be constructed that would be capable of many of these same functions. However, simplicity argues that since existing mechanisms, the motor and perceptual systems, regularly perform these functions, and since we know that these systems are engaged during language understanding through mental simulation, then there is no reason to hypothesize that another system – amodal symbols – does the same thing. Parsimony would seem to be on the side of simulation being responsible for the bulk of understanding processes. 

From a practical standpoint, uncovering the effects of particular grammatical markers on language-driven mental simulation informs our models of natural language acquisition and use. Human language would be unrecognizable without grammar, and aspect is one of the world's few universal linguistic traits. If the success of computational language understanding systems depends on the extent of their similarity to human language understanders, then incorporating mechanisms into them by which grammatical cues modulate simulation is critical to their success. From a broader perspective, understanding how grammar affects mental simulation is key to accounts of language and cognition. Grammar is often seen as the paragon of higher human cognitive functions because it is abstract, complex, and provides a number of uniquely human properties, like infinite combination, discussion of non-present events, and variable description of the same scene (Hockett, 1963). The findings reported here highlight the critical role that modal systems play in the organization of higher cognitive functions, by showing that grammar, a uniquely human and highly abstract cognitive capacity, bootstraps off of pre-existing perceptual and motor functions. 
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Appendix

Critical stimuli. Only progressive version is shown below. Perfect versions were identical except for aspect marking.

Noun-differing pairs

	AWAY
	TOWARDS

	Rebecca is adjusting the thermostat. 
	Lisa is adjusting her glasses. 

	Pamela is beating the drum. 
	Gregory is beating his chest. 

	Dorothy is brushing her dog. 
	Henry is brushing his hair. 

	Shirley is brushing the couch. 
	Virginia is brushing her teeth. 

	Richard is cleaning the wall. 
	Jean is cleaning her ear. 

	Ben is feeding his child. 
	Robert is feeding himself. 

	Donna is grabbing her keys. 
	Louis is grabbing his nose. 

	Melissa is grabbing the doorknob. 
	Roy is grabbing his ear. 

	Amy is lighting the grill. 
	Willie is lighting his cigarette. 

	Chris is patting the cat. 
	Larry is patting his tummy. 

	Albert is pinching the baby. 
	Brian is pinching his chin. 

	Terry is pushing the elevator button. 
	Thomas is pushing his belly button. 

	Juan is putting in his favorite CD. 
	Fred is putting in his contact lens. 

	Mary is rubbing the magic lamp. 
	Jerry is rubbing his eye. 

	Catherine is scratching the cat. 
	Kelly is scratching her head. 

	Mildred is squeezing the mustard bottle. 
	Barbara is squeezing the back of her neck.

	Elizabeth is tucking in the sheets. 
	Jonathan is tucking in his shirt. 

	Eric is washing his desk. 
	Joan is washing her face. 

	William is washing the window. 
	Steve is washing his hair. 

	Helen is wiping the counter. 
	Brenda is wiping her mouth. 

	Verb-differing pairs
	

	AWAY
	TOWARDS

	Beverly is closing the drawer. 
	Nicholas is opening the drawer. 

	Judith is closing the cupboard. 
	Teresa is opening the cupboard. 

	Patricia is displaying her ring. 
	Janice is snatching the ring. 

	Julie is flicking a cigarette. 
	Harry is smoking a cigarette. 

	Carl is flipping the burger. 
	Karen is eating a burger. 

	Kimberly is hanging up the phone. 
	Arthur is answering the phone. 

	Betty is pushing the door. 
	Cheryl is pulling the door. 

	Angela is putting down the toys. 
	Dennis is picking up the toys. 

	Lawrence is roasting a marshmallow. 
	Joyce is stealing a marshmallow. 

	Judy is rubbing the dog's belly. 
	Stephanie is rubbing her belly. 

	Theresa is showing off her fingernails. 
	Donald is biting his fingernails. 

	Maria is spitting out the water. 
	Margaret is swallowing the water. 

	Ashley is stretching her arms. 
	Michelle is crossing her arms. 

	Carol is taking off her glasses. 
	Evelyn is putting on her glasses. 

	George is taking off the jacket. 
	Brandon is putting on the jacket. 

	Carolyn is throwing away the earplugs. 
	Edward is putting in the earplugs. 

	Kathleen is throwing the pie. 
	James is eating the pie. 

	Bruce is tossing out the water. 
	Matthew is taking a sip of water. 

	Harold is tossing back a fish. 
	Stephen is dragging in a fish. 

	Joshua is tossing a Q-tip. 
	Ryan is using a Q-tip. 
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