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ABSTRACT 

 
 This thesis investigates how linguistic cues implying varying leve ls of object resolution are 

mentally represented in sentences such as Through the smoky/empty bar, the bartender could 

hardly/easily read the clock. Such sentences contain an adjective that implies a level of obscurity 

(smoky, empty) and an adverbial phrase (hardly, easily) that describes the perceptual availability 

of an object (clock) to the protagonist. An experiment was designed to address the following 

question: Is the visual resolution of a textually described object simulated during sentence 

processing? Participants read sentences describing a protagonist viewing an object through either 

an obscure or clear medium (e.g., smoky/empty bar). After reading each sentence, participants 

judged whether a picture of the object in question was mentioned in the sentence. Responses 

were faster when the resolution of the pictured object matched the resolution implied by the 

sentence than when it did not match. Thus, linguistic context can influence the ease of object 

recognition. These data suggest that readers perceptually simulate the visual resolution of objects 

during language comprehension. Furthermore, the finding suggests that comprehenders adopt the 

perspective of the protagonist during the simulation of a described situation, rather than a third-

person perspective.  
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INTRODUCTION 

 
Identifying the mechanisms by which information is mentally represented, manipulated, 

and stored is of fundamental concern in cognitive science. Although it is generally agreed in the 

cognitive science literature that cognition is tantamount to the generation and manipulation of 

cognitive symbols, much debate revolves around the format of such symbols. The general 

cognitive frameworks (amodal and modal) have theoretical implications for how information is 

represented. These frameworks will be reviewed and an empirical study will be presented to 

assess whether object resolution is represented during language comprehension.   

Amodal Framework 

Since the beginning of the “cognitive revolution”, cognition has been conceptualized as 

the processing of abstract, amodal symbols (Turing, 1950). This has developed from the 

literature on logic, where propositions are conceived as logical pictures that capture the essence 

of a state of affairs (see Wittgenstein, 1922/2001). Although capturing the essence of a state of 

affairs may be crucial for cognition, how this essence is represented remains an open theoretical 

question. In propositional representations, information is represented in linguistic- like 

constituents that are conceptualized as brain states abstracted from perception. States of affairs 

that are not directly perceived, but rather described by way of language, are represented as 

logical truth-states and do not capture the perceptual information of the language itself (e.g., the 

orthography and phonology), nor the referential events and objects described (e.g., size, color, 

shape, etc.). Thus, a key characteristic of amodal propositional frameworks is that the amount of 

perceptual information that could be captured in memory is sharply reduced. 

In amodal propositional networks, the relational form of a state of affairs is represented 

with sub-semantic primitives: predicates and arguments. For example, a situation with one 

predicate and two arguments can be transcribed as: PREDICATE [ARGUMENT1, 

ARGUMENT2]. The sentence, “The bartender read the clock”, can be notated as READ 

[BARTENDER, CLOCK], while “bartender” and “clock” are both arguments resting on the 

predicate “read” (see Kintsch, 1998 for a variety of examples of predicate-argument 

relationships). Thus, interpreting language relies on parsing constituent idea units (i.e., 

propositions), rather than verbal units in a state of affairs. Because many idea units may be 
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necessary to represent a state of affairs it is thought that they can bind extensively to develop 

highly complex propositional networks (e.g., Kintsch & van Dijk, 1978). Therefore, the above 

example can be nested within a large number of propositions with similar logical constraints. 

Nesting propositional relations as such enables the activation and integration of an extensive 

amount of semantic information into mental representations. Thus, the amodal propositional 

framework provides an expandable and robust notational model that is capable of accounting for 

many empirical findings in cognitive research.   

Several theoretical limitations to the amodal propositional framework have been 

identified (Searle, 1980; Harnad, 1990; Barsalou, 1999; Goldstone & Barsalou, 1998). The 

propositional model captures the relationships between tokens, but fails to capture potentially 

important semantic information about the entities for which the tokens stand. Specifically, the 

propositional model cannot account for certain inferences comprehenders make about objects 

and events, because the tokens are arbitrarily assigned and devoid of "grounded" meaning (i.e., 

amodal). For example, the sentence, "The bartender read the clock", would include the logical 

structure of the situation, but would not include semantic information about the clock in question 

(e.g., its orientation, shape, etc.). However, comprehenders can generate such inferences from 

knowledge about the perceptual details and behavior of objects in the environment (Stanfield & 

Zwaan, 2001; Zwaan, Stanfield, & Yaxley, 2002). Thus, the arbitrary relationship between 

perception and proposition makes a representation of meaning possible, but not necessarily a 

meaningful representation.   

Embodied Framework 

To address the failure of amodal propositional frameworks to satisfactorily explain the 

rift between perception and cognition, so-called "embodied" frameworks of cognition assume 

that symbol generation and manipulation processes are inherently coupled with perceptual and 

motor mechanisms embodying the cognitive system (Harnad, 1990; Glenberg, Robertson, 

Jansen, & Johnson-Glenberg, 1999). More specifically, the embodied framework assumes that 

cognition is situated in the environment, is pressured with real-time interactions, exploits the 

environment to reduce workload, is tightly coupled with the environment, is grounded in 

perceptual mechanisms, and ultimately guides action (Wilson, 2002). The correspondence 

between perception and cognition links representations meaningfully to the environment.     

Barsalou’s (1999) Perceptual Symbol System (PSS) is one instantiation of the embodied 
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framework that illustrates the conceptual power gained by accounting for perceptual information 

in mental representations. PSS presupposes that the cognitive mechanisms involved in an 

organism's perception will also be involved, at least partially, in the organism's mental 

representations. In other words, the mental representations underlying cognitive processes will 

be enabled by those neural mechanisms that are common to perceptual processes. As such, 

experientially grounded mental representations are comprised of perceptual symbols that are 

directly mapped to subsets of stored perceptual states. Thus, perceptual symbols enable modal 

representations to form from neural analogues of perception. This renders modal representations 

fundamentally distinct from amodal propositional representations. For example, whereas amodal 

propositions are static in terms of logical structure, the subsets of neural activation that comprise 

perceptual symbols may be dynamic as perception involves the dynamic and continual 

exploration of objects and events. In fact, the dynamic nature of perception may necessitate a 

dynamic, or temporal, component to be represented in perceptual symbols. 

Perceptual symbols hierarchically combine to form constituent units of knowledge, which 

Barsalou terms simulators. Simulators develop from modality-specific representations that are 

activated during repeated exposure to objects and events. (Barsalou et al., 2003). Simulators bind 

situational attributes (e.g., relationships, orientation, size, shape, color, etc.) to perceptual 

symbols. The perceptual symbols are then meshed to generate an unlimited number of dynamic 

simulations. However, simulators employ situational context to selectively activate specific 

perceptual symbols and thus constrain the resulting simulations. Therefore, PSS has an 

advantage over the robust post-hoc explanatory power of amodal propositional frameworks in 

that it enables researchers to make specific predictions about qualitative aspects of situational 

information that could be captured and activated in mental representations.   

Embodiment and Language 

Evidence from recent psycholinguistic studies suggests that language comprehension 

may involve perceptual symbols and simulations (Barsalou, 1999; Glenberg, 1997; Glenberg & 

Kaschak, in press; Horton & Rapp, in press; Zwaan, 1999; Stanfield & Zwaan, 2001; Zwaan et 

al., 2002; Zwaan & Yaxley, in press). Therefore, formulating predictions about the type(s) of 

perceptual information activated in language-based representations requires a modal framework.  

Stanfield and Zwaan (2001) demonstrated that object orientation was routinely inferred when 

participants comprehended text. Participants were presented with sentences such as Rick found 
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the pencil in the cup or Rick found the pencil in the drawer, and subsequently saw a picture of 

the object mentioned in the sentence. They were instructed to judge as quickly as possible 

whether the pictured object was mentioned in the sentence. For all experimental trials, the correct 

response was 'yes', but the pictured object either matched the implied orientation of the object 

(vertical orientation for ...in the cup; horizontal orientation for ...in the drawer) or not (vertical 

orientation for ...in the drawer; horizontal orientation for ...in the cup).  Response latencies were 

significantly shorter when there was a match between the sentence and the object's orientation 

than when there was a mismatch. This finding suggests that comprehenders routinely infer the 

implied orientation of objects mentioned in a sentence. 

Using a similar picture recognition task, Zwaan et al. (2002) demonstrated that object 

shape was routinely inferred when participants comprehended text. Participants were presented 

with sentences such as The ranger saw the eagle in the sky or The ranger saw the eagle in the 

nest. As in the previously described experiment, participants saw a picture of the object 

mentioned in the sentence. In this study, the pictured object either matched the implied shape of 

the object (wings outstretched for ...in the sky; wings withdrawn for ...in the nest) or not (wings 

withdrawn for ...in the sky; wings outstretched for ...in the nest). Response latencies were 

significantly shorter when there was a match between the sentence and the picture with respect to 

the object's shape than when there was a mismatch. Moreover, this match effect was obtained in 

a follow-up experiment where participants read the same sentences, then named the pictured 

object. Because a naming task, unlike a recognition task, does not require participants to 

compare explicitly the picture with the sentence, these data strongly suggests that comprehenders 

routinely infer the implied shape of objects mentioned in a sentence. 

Horton and Rapp (in press) demonstrated that object availability varies as a function of 

implied occlusion when described in text. Participants read brief stories that described a 

protagonist's view of an object that was blocked/unblocked by way of fog, smoke, closing blinds, 

etc. Subsequently, a question was presented inquiring about the presence of the target object in 

the story. Mean response latencies to verification questions demonstrated that the blocked targets 

elicited slower responses than unblocked targets. Thus, comprehenders may routinely represent 

the visual availability of objects described in a story. 

One cannot predict the results of these studies with an amodal framework. They 

demonstrate that comprehenders routinely make inferences about perceptual attributes of 
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referential situations as implied through language, thus supporting PSS. The goal of the present 

study is to provide further support that language comprehension includes the perceptual 

simulation of referential entities.  
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EXPERIMENT 

 

Consider the following sentences. 

(1) Through the smoky bar, the bartender could hardly read the clock. 

(2) Through the empty bar, the bartender could easily read the clock.   

Amodal-symbol systems would predict that the logical structure of the described 

situations would be represented similarly. However, PSS would predict that the perceptual 

simulation of the qualities of such situations (i.e., smoky/empty) would lead to different 

representations. Specifically, PSS predicts that the representational formats are similar for 

linguistic and perceptual information, and that the perceptual simulation of linguistic cues will 

influence the interpretation of subsequent visual cues. In other words, the representations 

underlying language comprehension are hypothesized to function similarly to those underlying 

vision. Thus, the language-based perceptual simulation should affect the exploration and 

interpretations of scenes and objects (Spivey, 2001). For instance, reading about a hazy clock 

should yield a similar mental representation as actually seeing one.  

Sentences (1) and (2) describe the same situation with a fundamental difference: the 

protagonist is viewing an object that is differentially (hardly vs. easily) visible by virtue of two 

different adjectives in the prepositional phrase (smoky vs. empty). If visual resolution is 

activated during the simulation of the described situation, participants should be faster to 

recognize a subsequent picture of the described object that matches the level of visual resolution 

(i.e., high vs. low) than one tha t does not match. 

 

Method 

Participants. Sixty-four undergraduate students enrolled at The Florida State University in 

introductory psychology courses participated for course credit. 

Materials. Ninety-six sentences were created: 24 experimental sentence pairs and 48 filler 

sentences.  The experimental sentence pairs were of the form Through the medium X, the agent 

could see the object Y. [e.g., Through the smoky bar, the bartender could hardly read the 

clock/Through the empty bar, the bartender could easily read the clock]. Thus, the two members 

of each sentence pair implied varying degrees of visual resolution of the same object.  For 
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example, Through the smoky bar implies that the visual resolution of the concrete noun (i.e., 

clock) is low, whereas the Through the empty bar sentence version implies that the visual 

resolution of the concrete noun is high. Twelve of the 48 filler sentences were of the same format 

as the experimental sentences with an agent actively viewing a concrete object, and 36 were of 

the agent interacting (non-visually) with a concrete object in the environment. Twelve of the 

filler sentences were followed by a picture of the object mentioned in the previously read 

sentence and thus required a 'yes' response. The 36 remaining filler sentences were followed by a 

picture of an object that was not mentioned in the sentence and thus required a 'no' response on 

the recognition task. 

Ninety-six black-and-white pictures were created. All pictured objects were scaled to 

occupy a square of approximately three inches. Twenty-four of these pictures were experimental 

pairs, with both members of each pair depicting two different levels of spatial resolution of the 

same object.  Forty-eight pictures were used as fillers. Spatial resolution varied within the 

pictures to match/mismatch the resolution level implied by the noun between the agent and 

object described in the experimental sentences (e.g., fog, smoke, mist, etc.). For example, one 

member of the experimental pair might be a high-resolution picture of a clock as viewed through 

"empty bar" while the other member might be a low resolution picture of the same clock as 

viewed through "smoky bar".  

 

                  

Figure 1. Example Stimuli 

 

Two levels of object-resolution (high and low) were varied among the pictures. Low-

resolution images were modified uniformly with a random-dissolve filtering method. The 

random-dissolve filter was judged independently by four judges to be suitable for two reasons. 

First, the random-dissolve filter created pictures that were quite similar to what one might 
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experience with a ‘snowy’ picture on a television and in this sense the style of degradation was 

somewhat naturalistic. Second, although various photo-editing techniques are available that more 

or less accurately reflect the perceptual qualities described in individual experimental items, a 

uniform degradation method was used to reduce variability among response times.  

Extensive pilot testing revealed that participants were quite adept at identifying the 

pictured objects when the occlusion level of the photo-editing technique was less than 50%. At 

50% occlusion however, response latencies were shorter when the high-resolution pictures 

matched the object in the sentence than when the low-resolution pictures matched. There was a 

significant effect of picture type (high vs. low, t (19) = -2.95, p < .01, MSe = 19.09). Thus, clear 

pictures were responded to more quickly than unclear pictures. However, there was no 

significant difference for mean accuracy scores at this level of occlusion (t (19) < .81, p < .44). 

Furthermore, group mean accuracy scores remained greater than 95% for both high and low 

resolution pictures. The uniform degradation of the random-dissolve filtering method at 50% 

occlusion level provided the desired effect in that the obtained difference in response latencies, 

combined with the similarity in accuracy scores, ensured that our pictures were substantially 

degraded, but not excessively so.   

Design and Procedure. Four lists were created to counterbalance items and conditions. Each list 

included one of four possible versions 2 (sentence: clear/unclear) X 2 (picture: clear/unclear) for 

each object. Each participant saw only one list. This produced a 2 (sentence type) X 2 (picture 

type) X 4 (list) design. Sentence and picture type were within-participants and item variables, 

and list was a between-participants variable. Match and mismatch conditions were balanced 

across all lists. Each participant saw 24 experimental sentence-picture pairs (12 match and 12 

mismatch), requiring 'yes'; responses, 12 filler pairs requiring 'yes' responses, and 36 filler pairs 

requiring 'no' responses. Thus, there were 36 sentence-picture pairs requiring 'yes' and 36 

requiring 'no' responses. 

The experiment was run on PCs with 19” flat-screen displays using the E-Prime stimulus 

presentation software (Schneider, Eschman, & Zuccolotto, 2002). During each trial, a sentence 

was presented in the center of the screen and participants were instructed to press the spacebar 

when they finished reading the sentence. A fixation point then appeared for 250ms, after which a 

picture appeared. Participants were instructed to decide if the pictured object had been mentioned 

in the preceding sentence. Furthermore, participants were instructed to respond as quickly and 
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accurately as possible as both reaction time and accuracy of response were being measured. 

Responses were recorded via the keyboard using the J-key for “yes” responses and the F-key for 

“no” responses. The experiment took approximately 20 minutes to complete. 

Results and Discussion 

Response latencies and error rates of experimental trials were submitted to 2 (sentence 

type) X 2 (picture type) X 4 (list) analyses of variance (ANOVAs) with repeated measurement 

on picture and sentence type in both the by-participant and by-items analysis. The latency 

analysis was performed on correct responses only. Responses longer than 2000 ms or shorter 

than 300 ms were omitted, as well as responses falling outside 2.5 standard deviations from the 

partic ipant’s mean in the respective condition (this eliminated less than 4% of the data). The 

mean latencies, standard deviations, and standard errors are displayed in Table 1.  

 

Table 1. Mean Latencies / Standard Deviations of Correct Responses (in ms) in the Picture 

Recognition Task of Experiment 1 

 

 
 

Clear Sentence 

 

Unclear Sentence 

 
 

M / SD 

 

M / SD 

 
Experiment 1 

Clear Picture 608 / 124 628 / 137 

Unclear Picture 673 / 143 646 / 120 

 

 

Not surprisingly given the results of the pilot study, clear pictures were responded to 

more quickly than unclear pictures. There was a significant main effect of picture type (clear vs. 

unclear, F1(1,60) = 16.19, p < .001, MSe = 107830.14). More importantly, there was a 

significant interaction between picture type and sentence type (F1(1,60) = 8.20, p < .006, MSe = 

34782.25). Follow-up analyses examining the match/mismatch effect for each picture type were 

conducted. For clear pictures, there was a significant effect of sentence type (clear vs. unclear, 

F1(1,60) = 4.092, p < .048, MSe = 13509.57). Clear pictures were responded to more quickly 
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when preceded by a clear sentence than when preceded by an unclear sentence. Similarly for 

unclear pictures, there was a significant effect of sentence type (clear vs. unclear, F1(1,60) = 

4.03, p < .049, MSe = 21762.20). Unclear pictures were responded to more quickly when 

preceded by an unclear sentence than when preceded by a clear sentence.  
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CONCLUSION 

 
The present experiment was conducted to investigate whether comprehenders simulate 

visual resolution when processing language. After reading a sentence that described a protagonist 

viewing a target entity through an obscuring medium, participants were faster to recognize a 

picture of the target entity if the depicted visual resolution matched the resolution implied in the 

sentence. This finding supports the hypothesis that comprehenders represent the visual resolution 

of objects within a described situation. This finding provides further evidence that salient 

perceptual features are mentally simulated during language processing. 

The results provide converging evidence that comprehending language routinely activates 

high- level (e.g., conceptualizing relations, inferences) as well as low-level (e.g., visual 

resolution, availability, shape, orientation) semantic information (Horton & Rapp, in press; 

Stanfield & Zwaan, 2001; Zwaan et al., 2002). It has also been demonstrated that modality-

specific information activated during comprehension affects perception in the same manner in 

which it affects action (e.g., as in Glenberg & Kaschak, 2002). The novelty of the approach used 

in these studies is evident when compared to the traditional amodal view, which culled cognitive 

processes from perceptual details. However, a modal framework, such as PSS, enables 

researchers to generate specific predictions about the perceptual features that are employed 

during language comprehension and how they influence interpretations of the environment. 

Although much remains to be learned about the interaction between linguistic and 

perceptual processing, it is proving valuable to investigate language comprehension from an 

embodied perspective. A growing body of evidence strongly suggests a tight coupling between 

cognition and perception. It appears that the cognitive and perceptual systems may utilize a host 

of high- and low-level semantic information. Exploring the format of this information and how it 

is processed, will no doubt shed light onto the differences and similarities between vicarious 

(language-based) and direct interactions with the environment.  
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