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ABSTRACT 
 

Recent studies have drawn a close relationship between visual perception and language, 

showing, for example, that readers respond faster to a picture of a flying eagle than a perched 

eagle after a sentence that implicitly constrains the eagle’s shape (Zwaan, Stanfield, & Yaxley, 

2002). The present experiments pursue an ecologically-stronger design, showing how 

incidentally acquired connections between perceptual and linguistic experiential traces in the 

cognitive network can automatically affect later language comprehension.  Two phases were 

employed here: a phase exposing participants to pictures of critical objects and a later, ostensibly 

unrelated reading phase.  Reading times in Experiment 1 and 2 were faster when the implied 

shape of objects in text passages matched the shape in first phase pictures.  The introduction of 

an articulatory suppression task in the first phase of Experiment 3, however, produced no similar 

advantage for the match condition in the subsequent reading tasks.  These results are explained 

as the effect of coding mismatches between phases as well as possible strategy differences 

between participants.  Future directions of study are proposed to provide a clearer test of two 

competing models of language comprehension.
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CHAPTER 1 

 

BROAD THEORETICAL BACKGROUND 

 

From Plato onward thinkers have wrestled with a tension between the incarnation of high 

cognition and its ability transcend the perceptual and sensory data of a merely primitive mental 

life.  A struggle between two views of language in the 20
th

 century mirrors this ancient battle 

about the mind in general and outlines the recent history of language comprehension theories.  

But this contemporary quarrel is more than a mere reflection of past philosophical thought.  It 

adds novel ideas, new technologies, and unprecedented challenges to questions about language 

and the mind.  Today’s conflict can be mapped onto familiar dichotomies in philosophy and 

psychology: embodied versus computational, analog versus propositional, iconic versus 

symbolic, metaphorical versus literal, concrete versus abstract, innate versus learned, and so on.  

These dyads describe two poles of a unified cognitive-linguistic system, easily distinguished 

from any mental structure found in the natural world.   

Language is bound to the body but gives flight to our minds.  Attempts to resolve this 

dual nature by reducing one function of language to the other have invariably failed to withstand 

scrutiny.  Time and time again the complexity of language counteracts the scientist’s compulsion 

towards parsimony.  The language researcher is like an explorer navigating a seemingly endless 

white river in search of its source, only to find it beginning at a fork where rivers of many hues 

converge.  Tracing one tributary to its spring yields only an incomplete picture of this vast river’s 

complex beginning.  The work of the language explorer then is to survey the boundaries of 

language’s primary functions and to elucidate the interaction between them.  No single work can 

accomplish this task of course.  My investigation begins with the presupposition that human 

language holds two primary functions: to free humans from the common limitations of biological 

life and to sustain a vital connection to embodied experience, without which our very survival 

would be endangered.  The specific concern addressed here is how the embodied side of human 

experience affects the way we comprehend language in certain contexts. What follows is a series 

of experiments designed to show how one tributary in this system (perhaps even a tributary of a 

tributary!) contributes to the complex phenomena we employ so naturally. 
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CHAPTER 2 

 

BACKGROUND TO PRESENT EXPERIMENTS 
 

Embodied cognition has drawn attention to the way perceptual and motor experience 

shapes higher cognition.  Since at least Gibson (1979) the notion that higher perceptual processes 

involve a linguistic-cognitive labeling of objects in the environment has been challenged by the 

notion of object affordances, through which higher perceptual and cognitive processes 

comprehend the visual environment by attending to the ways in which objects can be used.  The 

general principle motivating the affordance view of visual perception regards cognition as being 

oriented toward action-in-the-world.  This orientation acts as a modifying and transforming 

power within the higher cognitive system.  In this view, any high process is bound up with the 

perceptual and motor riches of lower processes.  The experiments here attempt to show that the 

visual perception of objects in particular shapes or conditions affects subsequent high language 

processes. 

Objects assume various shapes and conditions that color the way we experience them.  A 

horse lying down presents a different sort of visual experience than a horse in full trot.  Likewise, 

an egg can be seen as a white, oval object with an even surface, or as a yellow, convex distension 

demarcated by a white, asymmetrical frill.  While we experience little dissonance in calling 

something an egg whether it’s cooling in the refrigerator or sizzling in the pan, it has not been 

apparent to cognitive scientists that language comprehension automatically taps the variegated 

nature of experiences in the absence of immediate perceptual access to their referents. 

 Evidence suggests that the implied shape or condition of objects described in language 

can affect subsequent processing of percepts that match or mismatch the description. In one 

study, for example, participants who read a sentence about a tomato on a vine recognized and 

named a picture of a whole tomato more quickly than a picture of a tomato slice, whereas the 

reverse was true for participants who read a sentence about a tomato in a salad (Zwaan, 

Stanfield, & Yaxley, 2002). Other work has shown that object shape information is activated 

even in the absence of pictures (Zwaan & Yaxley, 2004) and a sizable body of research indicates 

that context can deeply affect language comprehension (Barsalou, 1982; Greenspan, 1986; 

Whitney, McKay, Kellas, and Emerson, 1985).  Dahan & Tanenhaus (2005) have shown that 

shape information guides visual attention even at the onsets of aurally-presented words.  Shape 

information can direct attention to particular objects in a visual array as soon as a 

phonologically-discriminating onset consonant is heard.  An initial / s /, for example, directs 

attention toward both a snake on the screen and a rope in the form of a snake.  What happens, 

though, in natural situations where language comprehension occurs in the absence of visual 

displays with relevant referents?  In the following experiments the role of recent perceptual 

experience in language is investigated in a manner more ecologically-relevant than past studies.  



 3

CHAPTER 3 

 

PRESENT EXPERIMENTS 
 

Prior research remains vulnerable to criticisms regarding demand effects: perhaps picture 

tasks adjacent to reading tasks produce expectations about possible congruencies or 

incongruencies between the passages and pictures.  The following experiments minimize the risk 

of this potential confound by showing that specified shape information is activated in language 

comprehension when a substantial time interval between tasks prevents the development of 

picture-oriented reading strategies.  In Phase 1 of these experiments, participants make word-

picture verification judgments on critical and filler items, with critical items appearing in one of 

two shape conditions for each participant. In Phase 2, they read short passages which, on critical 

trials, implicitly constrain an object’s shape in a manner congruent or incongruent with pictures 

viewed during Phase 1. For example, a sentence in Phase 2 about an eagle in the sky (“In the sky, 

an eagle was soaring above the prairie”) would be congruent with a previously seen picture of a 

soaring eagle, but not with a picture of a perched eagle.  If shape information is routinely 

activated during language comprehension, then recent visual exposure to an object in a particular 

shape or condition should influence later language comprehension, even when awareness of the 

relationship fails to materialize.  We can predict, then, that prior exposure to a picture should 

affect subsequent reading, in that congruent picture experiences will be more easily integrated 

with the unfolding mental simulation than incongruent pictures.  As a result, reading times 

should be longer in the incongruent than in the congruent condition.  

Importantly, the two phases were presented to participants as separate and unrelated 

experiments, with a short break between phases, and an average gap of about 30 minutes 

between the last presentation of a critical picture and its corresponding critical passage.  Phase 1 

was described as a memory test which ended with picture-verification judgments on non-critical 

items.  Phase 2 was described as a comprehension task with a memory question at the end of 

each passage and the forewarning of additional questions at the end of the reading task. 

 

3.1  Experiment 1 
 

 Experiment 1 examined whether recent visual experience associated with words affects 

language comprehension on a later word-by-word reading task.  In Phase 1, participants 

responded to word-picture pairs by pressing a key labeled “Y” for YES if a picture matched the 

preceding word or “N” for NO if it did not.  In Phase 2, participants pressed the spacebar to view 

each word in the passage, one word at a time, in the middle of display in a left-justified position. 

 

Participants 

Forty-three introductory psychology students from Florida State University participated 

in the experiment in partial fulfillment of course requirements.   

 

Materials and Design 

For Phase 1 materials, Match and Mismatch condition photographs were collected for 

each of fourteen critical items (two items per condition).  Figure 1 shows sample Match and 

Mismatch photographs for critical items used in Experiments 1, 2, and 3.  Photographs were 

sized to 300 pixels in either height or width, appeared in the center of the screen, and used 
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approximately half of the screen.  There were 131 presentations of 104 filler photographs, some 

of which appeared more than once (like the critical items), for a total of 187 word-picture 

presentations with critical items included.  There were 95 word-picture matches, 92 word-picture 

mismatches, and four practice items.  A mask was presented briefly onscreen after each 

photograph to erase iconic memory of the previous photo.  The memory test at the end of the 

first phase included 42 photographs (14 critical photographs, 7 fillers that had appeared in the 

word-picture task and 21 fillers that had not). 

 

 

Item 
Photographs 

Match                          Mismatch 

book 

  

eagle 

  

egg 

  

fish 

 
 

player 

  

balloon 

  

Figure 1. Sample Photographs of additional items used in 

Phase 1 of Experiments 1, 2, and 3.  The two items marked 

below with an asterisk were not included in Experiment 1 

but were added in Experiment 2. 
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Texts for Phase 2 were written to provide an enriched simulation for each story before the 

participants encountered the target word from the word-picture phase.  Table 1 provides sample 

texts used in Experiments 1, 2, and 3.  Two sentences preceded a third sentence containing the 

associated word from the word-picture verification task in Phase 1.  The target word occurred 

after the presentation of shape-disambiguating text information.  All participants read the same 

critical texts, nine filler texts, and two practice texts.  The only experimental manipulation 

occurred in Phase 1.  Two lists were created for Phase 1, with Match and Mismatch conditions 

counterbalanced across items. Half the participants were exposed to one list and the other half to 

the other list.  

 

Table 1:  Sample Phase 2 Texts for Items Used in Experiments 1, 2, and 3 (partial listing 

for the last).  Critical third sentences are italicized here for emphasis.  Two items with an 

asterisk were added in Experiment 2. 

Object  Passage 

“book”   John was riding his bike to his first class of the day.  He brought lunch to 

eat afterwards.  In his backpack a book was stashed for his class. 

“eagle”   

The park ranger hiked through the prairie looking for wildlife.  It was a 

sunny and hot afternoon.  In the sky an eagle was soaring above the 

prairie.    

“egg”   Greg woke up and shuffled into the kitchen.  The oven was on and his 

wife was making breakfast.  In the pan an egg was sizzling with some 

spices.   

“fish”   Carol went down to the pond to take some pictures.  She spent some time 

standing near the shore.  In the pond a fish was swimming near the 

surface.   

“player”   During practice the area at the ice rink was mostly empty.  A few 

spectators looked on while the team practiced.  On the bench a player 

was resting for a period. 

“balloon”   The parade rolled by as the kids looked on.  A fire engine whirred in the 

distance.  In the sky a balloon was floating above the crowd. 

 

 

Procedure 

The word-picture pair for critical items appeared four times in Phase 1 and the same 

picture appeared once more (without the associated word) in the subsequent memory test, used 

as a pretext for encouraging participants to believe that Phase 1 had no connection with Phase 2.  

To encourage attentive reading, filler texts included comprehension questions after the last 

sentence.  For both phases, instructions appeared on screen and were verbally summarized by the 

experimenter.  Care was taken to frame the two phases as unrelated experiments.  After Phase 1, 

the experimenter emphasized that they would be moving on to the next experiment. 
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Data Screening 

Response times above 1500 ms and below 100 ms were removed as being unreflective of 

natural readings times and the resulting sampling mean for all participants was 458 ms (106 ms 

stdev) per word in all texts.  Response times outside two standard deviations in each condition 

were also eliminated, resulting in a two percent loss of raw data.  Finally, one randomly selected 

subject from List A was removed to counterbalance Lists A and B. Of the 42 participants 

remaining in the analysis, there were 29 females and 13 males, with an average age of 20 and 

median age of 18. 

 

Results 

One item, “wrapping paper,” was excluded from the analysis after a review of all items.  

The information immediately preceding the target words “wrapping paper” in the third sentence 

(“Near the birthday cards . . .”) did not sufficiently disambiguate the condition of the wrapping 

paper as being rolled or crumpled.  Thirteen items remained in the final analysis.  Reading times 

on “hockey player” were restricted to “player” alone in order to minimize cross-item variance on 

target words. 

An initial analysis of variance (ANOVA) was conducted to examine whether list 

interacted with the factor of interest, Shape (Pollatsek & Well, 1995). Because there were no 

significant Shape by list interactions only t-tests involving Shape will be reported here. As 

predicted, an advantage emerged on reading times on the target word for objects whose 

preceding pictures matched the shape or condition implied in the sentences.  Table 2 provides a 

summary of the data analysis for Experiment 1.  The two-tailed paired t-test for the conditional 

means on the target word was significant with a 95% confidence interval of 387-445 ms for the 

match condition and 411-481 ms for the mismatch condition.  Post-hoc power analysis revealed 

an observed power of .76.  Of 42 participants, 30 showed a match advantage (71%), for an exact 

binomial p value of .01 with a 95% confidence interval between 55% and 84%.  Loosening the 

within-cell standard deviation cutoff from two to three (thereby including 99% of all data points) 

reduced the means difference to 25 ms (from 30 ms).  Thus, the match advantage appeared 

robust across several parameters for outlier removal. 

 

Table 2:  Experiment 1 Means and Standard Errors for average 

response time on target words, with t-test values and Cohen’s 

(d) effect size. 

 Match Mismatch   

 M SE M SE t (30) p = (d) 

"eagle" 416 15 446 18 -2.47 .02 .29 

 

  

For the item analysis, response times above 1500 ms and below 100 ms were removed as well as 

any times outside two within-cell standard deviations. A strong match emerged here as well with 

387 ms (SD = 23 ms) and 408 ms (27 ms stdev) averages for the match and mismatch conditions 

respectively, with a Cohen’s d effect size of -.84. The paired t-test for the conditional means 

difference was significant (t = -2.39, p < .04) with a 95% confidence interval of 373-401 ms for 

the match condition and 393-424 ms for the mismatch condition. 
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Discussion 

Experiment 1 indicates that shape-specific encodings derived from a word-picture 

verification task can be tapped later during a related reading task.  While these results provided 

evidence that recent visual experience of objects in certain shapes or conditions can influence 

subsequent reading about those objects, the results may have been affected by the artificial 

nature of the reading task.  The word-by-word method, while providing a simple approach for 

data analysis, differs in several significant ways from natural reading. As an example, in normal 

continuous reading, letter and word level information is often acquired during the ongoing 

fixation from several words within the perceptual span. Regressive saccades back to previously 

fixated locations and re-readings of words are also part and parcel of natural reading behavior 

(see Radach & Kennedy, 2004; Rayner, 1998, for reviews). Experiment 2 presents a modified 

eye-tracking version of Experiment 1.  

 

3.2  Experiment 2 
 

Experiment 2 constitutes a modified version of Experiment 1 using eye-tracking 

technology to enable a more naturalistic reading task in Phase 2. 

 

Participants 

Thirty-two introductory psychology students from Florida State University participated in 

the experiment in partial fulfillment of course requirements.  

 

Materials, Design, and Procedure 

To increase power, two critical items were added to the original materials from 

Experiment 1, bringing the total to 16, with eight per condition for Match and Mismatch.  See 

Figure 1 for sample Phase 1 photographs and Table 1 for sample Phase 2 texts.  Experiment 2 

included two new variables (Picture Neutral and Picture Omitted) introduced to investigate how 

mere exposure to pictured objects, regardless of shape, affects later reading.  For example, an 

item in the Picture Neutral condition involved the presentation of a car picture in the first phase 

followed later by the sentence “Over the bridge a car was heading toward the countryside.”  In 

the Picture Omitted condition, the same passage was presented without prior exposure to a 

picture.  Picture Neutral and Picture Omitted items involved different objects than those involved 

in the Match and Mismatch conditions.  As such a direct comparison between all four conditions 

could not be made, but the results provide launching points for future research. 

All sentences were displayed in black on a gray background on a 21-in. Liyama Vision 

Master 510 monitor with 0.28-mm dot pitch and a 1028 x 768 resolution at a screen refresh rate 

of 160 Hz.  All text was shown in a Courier-type font, so that each character occupied the same 

horizontal area of text, with a maximum of 12 horizontal pixels per character. The distance 

between readers’ eyes and the monitor was set at approximately 85 cm, but head movements 

were not restrained and the distance was somewhat variable. At a typical distance of 85 cm, each 

letter of text subtended approximately 0.44° of visual angle laterally. Eye movements and head 

position were recorded via an SR Research Eyelink II (Mississauga, Ontario, Canada) video-

based tracking system.  Viewing was binocular but eye movements were recorded from the right 

eye only. A video camera was used for pupil recording at 250 Hz. The camera was positioned 

underneath the monitored eye and was held in place by head-mounted gear. A separate camera 
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sampled head position at the same rate.  The data of one participant were excluded because of 

excessive drift during passage reading. 

Critical sentences were divided into four regions of interest for the data analysis, each 

region constituting two words.  So the sentence “In the pan an egg was sizzling with some 

spices” was analyzed in four regions: “the pan,” “an egg,” “was sizzling,” and “with some,” with 

the first word “In” and the last word “spices” excluded from the main analysis.  The first region 

comprised the initial disambiguating shape or condition information.  The second region named 

the object originally pictured.  The third region involved a past progressive predicate, and the 

fourth region presented an adverbial or adjective phrase modifying the predicate. 

Two dependent variables were employed: First Pass Duration (FPD) and Total Viewing 

Duration (TVD). FPD consisted of the time spent viewing a region for the first time before 

moving on to a subsequent region.  TVD consisted of the total time spent fixating within a 

region. These first pass and total duration parameters are sentence region equivalents of the gaze 

duration and total reading time measures commonly uses for word level analyses in the literature 

on eye movements in reading (see Inhoff & Radach, 1998, for a discussion of common measures 

in oculomotor research).  .   

 

Results 

 If the original hypothesis is correct, Total Viewing Duration (TVD) will be greater in the 

Mismatch condition than in the Match condition.  Two predictions could be made regarding the 

First Pass Durations (FPD).  According to one prediction, no differences should emerge between 

Match and Mismatch FPD conditions until the primary subject (“an egg”) has emerged in the 

sentence.  According to another prediction, a combination of preceding context (two sentences 

with some words in the same semantic neighborhood, e.g., “breakfast” “oven” “kitchen”) and 

parafoveal processing might give rise to a faster influence of the previously encountered picture 

that might emerge even before directly fixating the subject noun.   

 Two outlier procedures were applied and are reported here: an inclusive criteria that 

removed less than one percent of raw data and an exclusive criteria that removed five percent. 

The exclusive outlier removal involved calculating Mahalanobis distances for each region’s 

collected set of raw response times.  Distances were calculated on each region due to the 

differing word frequencies between regions.  Response times significantly shorter or longer than 

each region’s distribution (alpha .05) were excluded from the analysis.  For TVD, the upper 

cutoffs for four regions ranged from 1235 ms to 1391 ms.  For FPD, upper cutoffs ranged from 

755 ms to 907 ms.  The remaining data included 95% of the raw data for both measurements.  

The inclusive outlier criteria involved the removal of any within subjects / within conditions 

reading times outside of two standard deviations.  Thus, there were no upper cutoffs for the 

inclusive criteria. 

Tables 3 and 4 present statistics using the exclusive outlier criteria for FPD (Table 3) and 

TVD (Table 4).  As predicted, a general advantage for the Match condition emerged for both 

FPD and TVD.  For FPD, a significant difference between Match and Mismatch emerges even in 

the first region.  For TVD, the Mismatch condition shows longer duration especially on the two 

regions with disambiguating shape information.     
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Table 3.  Experiment 2 First Past Duration Means and Standard Errors for 

with t-tests and Cohen’s (d) effect sizes for each comparison.  Table shows 

values derived from the exclusive outlier removal criteria. 

 First Pass Duration (FPD) 

 Match   Mismatch   

     M    SE     M   SE   t (30) p = (d) 

"the pan" 354 16 386 21 -2.16 0.04 0.31 

"an egg" 327 12 338 11 -0.80 0.43 0.17 

"was sizzling" 404 18 420 19 -1.24 0.22 0.16 

"with some" 367 20 414 16 -2.37 0.02 0.47 

     Pic Neutral    Pic Omitted   

     M    SE    M   SE   t (30) p = (d) 

"the bridge" 370 18 354 19 0.88 0.38 0.16 

"a car" 342 15 315 13 2.12 0.04 0.34 

"was heading" 404 17 388 16 1.42 0.17 0.17 

"toward the" 338 14 321 12 1.02 0.31 0.22 
 

    

Table 4.  Experiment 2 Total Viewing Duration Means and Standard Errors 

with t-tests and Cohen’s (d) effect sizes for each comparison.  Table shows 

values derived from the exclusive outlier removal criteria. 

 Total Viewing Duration (TVD) 

 Match Mismatch Match  

       M     SE    M    SE t (30) p = (d) 

"the pan" 479 24 573 33 -3.85 0.00 0.59

"an egg" 431 21 473 22 -1.59 0.12 0.35

"was sizzling" 495 21 554 23 -2.41 0.02 0.48

"with some" 540 32 571 24 -1.00 0.32 0.20

 Pic Neutral Pic Omitted   

      M     SE     M   SE t (30) p = (d) 

"the bridge" 523 32 462 25 2.13 0.04 0.38

"a car" 440 20 402 20 2.38 0.02 0.33

"was heading" 512 22 500 21 0.49 0.63 0.10

"toward the" 508 25 471 25 2.03 0.05 0.27

 

 

A post-experiment interview led participants through a series of three questions designed 

to test their awareness of the experimental manipulation.  The first question asked whether 

anything stood out to them during the experimental session.  The second question asked whether 

they noticed a relationship between the two experiments (two “phases” reported here).  The third 

question asked if they noticed any relationship between the objects mentioned in the second 
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experiment and pictures viewed during the first experiment.  Nearly all participants (29 of 31) 

responded negatively to all questions. 

 

Discussion 

After seeing pictures of an object in a certain shape or condition, participants were faster 

to read about that object when the preceding picture matched the shape or condition implied by 

the passage.  This effect emerged in two experiments using different measurements of reading—

word-by-word in Experiment 1 and eye-tracking in Experiment 2—with the latter showing 

stronger effect sizes.  These results confirm the hypothesis that perceptual and linguistic 

experiential traces are automatically re-activated during language comprehension in highly 

specified ways.  Even the shapes of incidentally encountered objects can effect the processing of 

apparently unrelated passages in the future.  In Experiment 2, this effect was especially 

pronounced in regions which contained implicitly disambiguating information (and was stronger 

when applying the inclusive outlier criteria).  For example, in relation to “egg” the words “pan” 

and “sizzling” implicitly constrain the egg’s condition, and these two regions show the strongest 

Match advantage, particularly when regressive fixations and re-readings are included.   

The Match advantage occurred at different places depending on the reading procedure.  

In Experiment 1, the word-by-word reading procedure (which disallows regressive reading) 

yielded the strongest Match advantage on the subject noun of the critical sentence.  This 

procedure forced readers to delay a strong representational construction until more information 

becomes available, increasing the likelihood of a delayed Match advantage.  In Experiment 2, a 

naturalistic procedure permitted participants to return to disambiguating information, thus 

enabling them to modify incorrect representations by returning to particularly informative words.    

The significant difference in First Pass Duration (FPD) between the Match and Mismatch 

conditions indicate that early priming through context or parafoveal information (or both) might 

give rise to a faster influence of the previously encountered picture that might emerge even 

before directly fixating the subject noun.  The present design does not permit a means of 

differentiating between these two effects.  Typically 8-10 letters can be accessed within the right-

side parafoveal region.   For the sentence, “In the pan an egg was sizzling with some spices,” an 

8-letter parafoveal span starting from the center of “pan” would incorporate the primary subject 

noun “egg”.  Likewise, for the sentence, “In the sky an eagle was soaring above the prairie,” the 

same span would incorporate most of the word “eagle” after a lexically-restrictive article (“an”).  

A controversy in the literature persists regarding the availability and effect of semantic 

information from the parafoveal region on the foveal region (see Kliegl, Nuthmann, & Engbert, 

2006, for review; see Kennedy & Pynte for a sample study).  If parallel-processing theories more 

accurately describe the mind-eye link in claiming that some parafoveal semantic information 

becomes available within the foveal region, it is plausible that the FPD Match advantage in the 

first region can be at least partly attributed to parafoveal semantic information.  With an average 

first-region FPD of 351 ms in the Picture Omitted condition (the fastest of the four conditions in 

this region), substantial time would remain for parafoveal semantic processing for most gaze 

durations.  If serial-processing theories are more accurate in describing the mind-eye link, the 

data here would be better explained by emphasizing the predictive power of prior contextual 

information (a factor that parallel-processing theories might include as well). Future work could 

explore the effects of contextual and parafoveal information.  

Two new conditions were introduced in Experiment 2 (Picture Neutral and Picture 

Omitted) to gauge how mere exposure to a pictured object affects subsequent language 
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comprehension.  Interestingly, mere exposure to pictured objects produced slower reading times.  

While the difference between the Match and Mismatch conditions indicates that language 

comprehension activates experiential traces automatically, the consistent speed advantage in the 

Picture Omitted condition indicates that this integrative process requires additional resources 

compared to reading without recent visual experience of an object.  If recent experience stands 

out so much compared to more distant experiences, the language comprehension system might 

pay particular attention to recent information in assessing its relevance to the current task.  

Experiment 3 tests this hypothesis by including a control condition that can be analyzed with 

Match and Mismatch conditions. 

 

3.3  Experiment 3 
 

One criticism that could be raised regarding the results of Experiment 2 involves the need 

to distinguish between Phase 1 visual and verbal-semantic influences on the reading task in 

Phase 2.  According to this criticism, when participants view and respond to the pictures in Phase 

1, they generate both visual and verbal-semantic codes which are not controlled in the previous 

experiment.  (These verbal-semantic codes—see Wagner, 1999, for a sample use of this term—

will hereafter be called verbal codes, as the distinction between shallow phonological 

information and deeper semantic information in on-line working memory is less important here.  

Long-term memory traces are most relevant to the Phase 2 reading task.)  In the experiments 

reported here, the visual code constitutes strictly perceptual information associated with the 

encoded percept, while the verbal code involves recoded information related to that percept.  

Viewing a cooked egg, for example, encodes a particular visual shape, but it also permits the 

subvocal (and often subconscious) verbal labeling of the object and its parts.  As such, the effects 

in Experiment 2 could derive from verbal information elaborated during encoding rather than 

visual information (or some underspecified combination of the two).  This verbal recoding could 

then provide a qualitatively different long-term memory trace.  Using the phonological loop in 

working memory, this verbalization would be encoded along with the perceptual information.  

What is needed, then, is a means to isolate perceptual factors in the Phase 1 task, the central aim 

of Experiment 3. 

 

Participants 

A power analysis using data from Experiment 2 was conducted to determine the 

minimum number of participants necessary for detecting effects of the same size as those 

observed in that experiment.  The sample size estimate varied depending on which of the four 

regions were used as the data source.  The first analysis used data from the region with the 

strongest effect size in Experiment 2, the first region (“the pan”) with the Total Viewing 

Duration measurement.  Using means and standard deviations derived from the exclusive outlier 

approach in Experiment 2, with values of 479 (144) and 573 (183) for two paired conditions (r = 

.65), a requisite sample size of 21 emerged from 1000 Mote Carlo iterations (alpha = .05, beta = 

.20).   Using the same parameters with data from the region with the second strongest effect size 

in Experiment 2 (the third region—“was sizzling”) a requisite sample size of 48 emerged.  Using 

data from the inclusive outlier criteria applied in Experiment 2, smaller sample sizes emerged: 19 

for the first region and 24 for the third.  Since the most important comparison resides with the 

initial disambiguating information, the first region carries greater importance in the analysis.  In 

the cost-benefit analysis, I considered effects in the third region of too little importance to justify 
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a doubling of time and resource investment for Experiment 2.  Therefore, with six lists a sample 

size of 24 should be adequate to detect comparable effects in the first region with a high 

probability.  With this sample size, the power estimates using the exclusive outlier criteria are .90 

for the first region and .33 for the third region.  Using the inclusive outlier criteria, the power 

estimates are .92 for the first region and .83 for the third region.  Twenty-four introductory 

psychology students from Florida State University participated in the experiment in partial 

fulfillment of course requirements.   

 

 

Materials, Design, and Procedure 

Two important changes were introduced for Experiment 3.  The first involves the use of 

an articulatory suppression task during Phase 1 to suppress participants’ ability to engage in 

phonological-linguistic encoding of contextually-relevant information related to the pictures.  

Participants were instructed to count from one to six aloud repeatedly during the first part of 

Phase 1 in which critical pictures were presented.  They were encouraged to maintain a 

consistent vocal output, and the experimenter remained in the room to ensure that these 

instructions were followed. 

The second change involved the introduction of a control condition which allows a direct 

comparison with the Match and Mismatch conditions.  Eight additional items were created, for a 

total of three item sets with eight items each, yielding six experimental lists for counterbalanced 

presentation.  One item from the previous experiment (“tire”) was replaced (“phone”) to provide 

a clearer disambiguating cue in the Phase 2 reading task.  Aside from this substitution the lists 

from Experiment 2 were included here in the same clusters to enable cross-experiment 

comparisons (essentially, two of the six lists here can be viewed as replications of Experiment 2).  

Due to data analysis limitations, it was not possible to present Phase 2 items in a new 

randomized sequence for each new participant.  Two randomized orders were created and the six 

lists were counterbalanced across these two orders.  As a result, a cycle of fully counterbalanced 

array of lists and orders required twelve participants. 

 

Data Analysis 

 The exclusive outlier procedure from Experiment 2 was applied to the data for 

Experiment 3.  The remaining data included 96% of the raw data for Total Viewing Duration 

(TVD) and 95% of the raw data for First Pass Duration (FPD) measurements.  Tables 5 and 6 

present statistics using the exclusive outlier criteria for FPD (Table 5) and TVD (Table 6), with 

comparisons between match-mismatch and match-control.   

No advantage emerged for the Match condition for either FPD and TVD.  ANOVAs for 

all regions in both FPD and TVD yielded statistically-insignificant results (F < 1).  T-tests also 

revealed no significant differences between any of the three conditions in FPD or TVD.  

Likewise, an item-analysis showed no significant for both the full ANOVAs and paired t-tests (F 

< 1) for any region. 

 



 13

 

Table 5.  Experiment 3 First Pass Duration Means and Standard Errors with t-

tests and Cohen’s (d) effect sizes for each comparison.  Table shows values 

derived from the exclusive outlier removal criteria. 

 First Pass Duration (FPD) 

 Match Mismatch Match vs. Mismatch 

       M     SE    M    SE t (23) p = (d) 

"the pan" 342 16 332 14 0.54 →0.59 0.12

"an egg" 280 13 285 12 -0.29 ←0.77 0.07

"was sizzling" 343 15 335 17 0.43 →0.67 0.10

"with some" 352 14 348 15 0.24 →0.81 0.06

 Control  Control vs. Match 

      M     SE   t (23) p = (d) 

"the pan" 330 15 0.74 →0.47 0.15

"an egg" 287 13 -0.46 ←0.65 0.11

"was sizzling" 334 14 0.71 →0.49 0.12

"with some" 359 16 -0.35 ←0.73 0.10

 

 

Table 6.  Experiment 3 Total Viewing Duration Means and Standard Errors 

with t-tests and Cohen’s (d) effect sizes for each comparison.  Table shows 

values derived from the exclusive outlier removal criteria. 

 Total Viewing Duration (TVD) 

 Match Mismatch Match vs. Mismatch 

       M     SE    M    SE t (23) p = (d) 

"the pan" 528 31 527 37 0.05 →0.96 0.01

"an egg" 423 25 431 21 -0.30 ←0.77 0.07

"was sizzling" 535 25 524 26 0.63 →0.53 0.09

"with some" 545 29 516 25 1.18 →0.25 0.22

 Control  Control vs. Match 

      M     SE   t (23) p = (d) 

"the pan" 508 27 0.69 →0.50 0.15

"an egg" 446 25 -0.72 ←0.47 0.19

"was sizzling" 510 30 1.03 →0.32 0.19

"with some" 540 30 0.18 →0.85 0.04

 

 

Discussion 

The results here show that the introduction of an articulatory suppression task nullifies 

the substantial match advantage observed in Experiment 2.  How did this task manage to wipe 

out the previous pattern entirely? The answer to this question should begin with a brief outline of 

the most widely accepted model of short-term memory (STM), Baddeley and Hitch’s multiple-

component model (Baddeley and Hitch, 1974).  It was this model that eventually popularized the 
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use of the term “working memory” to describe the dynamic nature of STM.  Working memory 

(WM) is constituted by a central executive and two or three slave systems that perform highly 

specified functions in STM: the phonological loop, dedicated to the maintenance of short-term 

speech information, and the visuo-spatial sketchpad, dedicated to the maintenance of short-term 

visual and spatial information.  Baddeley (1986) extending the earlier WM model by marking 

separate systems within the phonological loop—a passive store for speech information and an 

articulatory rehearsal mechanism for sustaining verbal information within the phonological 

loop—and has recently proposed the addition of a third slave system dedicated to brief episodic 

memories (2000).  In relation to the present experiments, the division of labor within the 

phonological loop has particular implications for Experiment 3, as the articulatory control 

mechanism permits not only the rehearsal of auditory words but the transfer of visually-

presented words into the phonological loop via subvocal articulation (see Murray, 1968, for one 

of the earliest uses of articulatory suppression).  Subsequent studies have shown that articulatory 

suppression affects verbal processing differently depending on the type of articulation (Saito, 

1997) and the mode of stimulus presentation, that is, whether words are presented visually or 

auditorily (see Hanley, R. J., 1997, for a replication of prior work on the irrelevant speech effect 

in particular).  

 One fundamental problem with the design of Experiment 3 regards the association 

formed between the word and percept in Phase 1 and its subsequent reactivation.  In Experiment 

2, participants were free to use the articulatory rehearsal mechanism to recode the verbal label of 

the object within the phonological loop in Phase 1.  Since purely visual word codes are 

considerably weaker than phonological codes in encoding process (Shallice and Warrington, 

1973), it is likely that this auditory form was used as the primary associate for the picture in 

long-term memory.  Thus, in the reading task of Phase 2 they were able reactivate recent 

pictorial experience with the same phonological code in working memory.  In Experiment 3, 

however, the articulatory suppression task in Phase 1 prevented an association between the 

phonological code and picture.  When Phase 2 reading automatically activated the phonological 

code, no association could be primed between that code and its corresponding object.   

An objection to this interpretation would hold that the association between the visual 

word form and its corresponding object should nonetheless be activated. Aside from the weaker 

bond that such an association would instantiate (thereby leaving Experiment 3 with insufficient 

power to detect any underlying match advantage) there is additional evidence that the 

phonological form provides a better cue (perhaps even a necessary one) for accessing the original 

perceptual information.  Pearson, Logie, and Gilhooly (1999) present an experiment with a 

similar structure to that of Experiments 2 and 3, involving a first phase in which line-drawings 

are linked with verbal labels and a second phase in which the reactivation of those line-drawings 

is required.  In the first phase they asked participants to memorize basic geometrical shapes with 

verbal labels (e.g., the shape of the number eight with its verbal label printed nearby).  In the 

second phase they presented participants with two labels, asking them to synthesize the two 

associated images into one identifiable object.  When the mental synthesis task involved 

concurrent articulatory suppression, performance on the task decreased.  The authors ascribed 

this performance decrement to the suspended use of the phonological loop during mental 

synthesis. According to this interpretation, the phonological loop can be used as an aid to visuo-

spatial sketchpad by buttressing an image with its verbal label.  Under articulatory suppression, 

the entire load of the synthesis task is transferred to the visuo-spatial sketchpad and the central 

executive.  In this respect, the results from Experiment 3 do not necessarily indicate that the 
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match advantage in Experiment 2 emerged from the reactivation of verbally-codes that 

specifically represented textually-relevant shape information relevant.  It is possible, instead, that 

for tasks that demand representational integration, whether consciously (as in Pearson et al, 

1999) or subconsciously (as in the present studies), verbal codes might serve instead as 

bootstrapping mechanisms for perceptual traces in recent memory.  The verbal codes themselves 

might not contain specified perceptual information, such as shape or color, but might be very 

helpful or even necessary for integrating such perceptual information with on-line language 

comprehension.  Experiment 3 does not provide a direct test of this possibility.  However, the 

fact that the picture conditions (Match and Mismatch) did not produce a reading duration 

advantage over the Control condition indicates that neither the visual presentation of the word 

nor the pictures primed subsequent text comprehension.  This provides some support for the idea 

that the reading task in Experiment 3 was not tapping recent experiences. 

The application of working memory research to the results of Experiment 3, then, is not 

straightforward.  A great portion of the literature involves the testing of memory for the serial-

order of items presented immediately or shortly before recall.  Most of these studies concern 

themselves primarily with the operation and function of the phonological loop, producing a 

literature that leans heavily to one side of working memory’s bifurcated model, with the structure 

and function of visuo-spatial sketchpad relatively understudied (a point emphasized by Logie, 

1995, as well as Kemps, de Rammelaere, and Desmet, 2000).  The complexity of working 

memory provides a cautionary note as we try to account for the findings in Experiment 3 using a 

body of research that, to my knowledge, has never employed the methods used here.  In order to 

provide practical constraints in identifying the most relevant studies, I will restrict my attention 

to studies that speak concurrently to the key features of Experiment 3: the use of the visuo-spatial 

sketchpad in working memory, the execution of an articulatory suppression task, and the use of 

dependent variables that test the relationship between working memory and long-term memory. 

Although the existence of the visuo-spatial sketchpad (VSSP) has been supported by 

studies showing dissociations between visual and verbal STM (Shallice & Warrington, 1973), 

the precise function and structure of the VSSP has not been firmly established.  The effect of 

articulatory suppression on VSSP is even less explored, but some lessons can be drawn from the 

literature.  Brandimonte, Hitch, and Bishop (1992) report that articulatory suppression tasks 

enhance the ability to manipulate mental imagery created from previously encountered percepts.  

Although some degree of manipulation ability remains intact without articulatory suppression, it 

appears that the verbal coding of visual percepts crystallizes the stored mental image.  This 

ability is only enhanced, though, when the imagery involves objects that can be easily named.  

An inkblot that resembles no common object can be reinterpretted just as easily without 

articulatory suppression involved in the encoding process.  Both Brandimonte et al. (1992) and 

Pearson et al. (1999) consider a mental image in this respect to be a representation derived from 

a visual percept.  But what type of visual-like cognition is at work in Phase 2 of experiments 

reported here? Are participants attempting automatically to activate a mental image (derived 

from a recent percept) or reactive a recent perceptual experience?  This distinction between 

different types of visual-like processing, imagistic and pictorial, provides a starting point for 

explaining the results of Experiments 2 and 3, as well as indicating directions for future 

experiments.   

In regard to the VSSP, Logie (1995) distinguishes between two visual components that 

influence short-term memory: the visual buffer (from Kosslyn, 1980), involved primarily in the 

conscious manipulation of visual-like imagery, and the visual cache, a short-term store of visual 
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information closely linked to visual perception.  The key difference regards the dynamic nature 

of the visual buffer compared to the visual cache’s passive operation, and the relatively shorter 

distance between the visual cache in working memory and the long-term memory of visual 

perception.  Particularly relevant to the results of Experiment 3, Pelizzon, Brandimonte, and 

Favretto (1999) provide some evidence that articulatory suppression has differential effects on 

imagery manipulation and picture recognition tasks.  They asked participants to memorize 

several line-drawings of objects that could be easily named.  Subsequently, half of the 

participants engaged in an imagery-subtraction task in which new nameable objects could be 

imagined by subtracting (mentally deleting) part of the original object.  The remaining 

participants engaged in a picture recognition task by selecting one of four line-drawings (one 

exact replica of the original stimulus and three similar distracters).  When employing articulatory 

suppression in the encoding phase, performance increased for the imagery subtraction task but 

decreased for the picture recognition task.  Consistent with Kosslyn (1994), these results indicate 

that imagery manipulation involves more global, perceptual processes, whereas picture 

recognition involves more linguistic-like feature-based processes.  It should be noted that under 

naturalistic conditions neither global nor verbal processing will be entirely absent, given the 

above-chance performance by participants in all four conditions in Pelizzon et al. (1999) as well 

as the results of other studies, such as Noordzij, van der Lubbe, Neggers, and Postma (2004).   

In light of these results it is possible that the Phase 1 task in Experiment 2 led to the 

crystallization of the original percept in the exact shape or condition as it originally appeared.  

Such a process could occur in at least two ways.  A crystallized association could form between 

the percept and its associated word in Phase 1 (a kind of holistic image storage with a recently 

activated lexical entry).  Or a verbal encoding of features salient to a percept’s shape could occur 

during the four picture presentations.  These two processes are not mutually-exclusive, and the 

design did not permit a parsing of these possible influences on Phase 2 reading.  In regard to 

Experiment 3, at least two possibilities emerge regarding the encoding process under articulatory 

suppression: either the particular shapes were not encoded in the first place, or the shapes were 

encoded but remained highly vulnerable to subsequent image manipulation between Phase 1 and 

Phase 2.  The latter possibility would seem to require a different process from the conscious 

manipulations participants used in Brandimonte et al (1992) and Pearson et al (1999).  Instead 

some sort of automatic, subconscious alteration of prior percepts would be required.  Perhaps a 

more plausible explanation would involve the interference of stored prototypes or exemplars 

whose ability to interfere with recently encountered percepts is strengthened when those percepts 

aren’t crystallized with an associated lexical entry.  Without verbal recoding, the imagery 

activated in Phase 2 of Experiment 3 could be more easily wiped out in the intervening period by 

stored exemplars or prototypes.  With the repeated measures design, though, even a weak match 

effect should still appear: the prototypical shape would be reinforced by its matching picture but 

would be forced to overwrite the mismatching picture, thereby incurring some processing 

decrement.  If, however, this process involves not the overwriting of the mismatching pictorial 

shape but the transformation of an atypical image into its prototypical shape, then null results 

could be expected within this design, so long as the transformation occurs before the target 

sentence or very quickly in its on-line comprehension.  The latter possibility would have 

received more support if First Pass Duration had shown a match advantage subsequently 

weakened in Total Viewing Duration. 

There is also the possibility here that individual differences play a major role in the 

resources recruited for language comprehension in Experiment.  When Phase 1 involves an 
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articulatory suppression task, perhaps the suppression of verbal association permits readers more 

room for employing their preferred comprehension strategy.  This possibility might seem more 

likely if we observed wider variance in viewing durations in Experiment 3.  A direct comparison 

between variances is complicated here by the inclusion of a new group of items and different 

sample sizes.  When only the first 24 subjects are included in the analysis for Experiment 2, 

though, no clear differences emerge in the variances for the match and mismatch conditions 

between experiments, nor in the variances for the conditional means differences (match 

subtracted from mismatch).  Variance isn’t the only test of an individual differences approach, 

however.  The percentage of participants showing a match or mismatch advantage might also 

indicate different strategies, and more participants showed a match advantage in Experiment 1 

than Experiment 3.  If this explanation seems plausible, then we would expect that the 

conditional means difference between the first and second regions would show a higher 

correlation in Experiment 3.   In other words, if the participants in Experiment 3 were freed in 

Phase 2 (by articulatory suppression in Phase 1) to engage their preferred comprehension 

strategy, they would be more capable of employing that strategy over all regions of the target 

sentences.  Conversely, the crystallization of the memory trace encouraged by verbal re-coding 

in Experiment 2 would weaken preferred comprehension strategies and the conditional means 

differences across regions within any participant would fluctuate randomly.  Indeed in 

Experiment 2 the correlation between the first and second regions was 0.26 (p < .22) but in 

Experiment 3 was 0.47 (p < .03).  Furthermore, all regions showed (statistically non-significant) 

positive correlations with each other in Experiment 3, whereas Experiment 2 showed only two 

weak positive correlations, two weak negative correlations, and one correlation of nearly zero 

between the two regions that showed a statistically significant match advantage.  This 

interpretation is speculative but provides an imperative for future studies to test the encoding and 

retrieval strategies of participants.
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CHAPTER 4 
 

CONCLUSION 
 

The embodiment and computational models of cognition make somewhat different 

predictions regarding the basic processes involved in language comprehension, but Experiments 

2 and 3 did not permit a strong test of the difference between these theories.  The value of this 

data lies primarily in the guidance it now provides for adjusting the design to distinguish 

between factors that influence reading durations in Phase 2.  In particular, the type of coding 

required for linking words with percepts should be explored further.  Pilot experiments 

establishing the strength of visual word associations, auditory word associations, and visual plus 

auditory word associations on immediately preceding sentences would provide baseline data to 

test a more naturalistic design like those employed in Experiments 1-3 here.  Alternatively, a 

Phase 2 articulatory suppression task could be employed to test the degree to which purely visual 

word codes can prime their associated perceptual shapes without the interference of articulatory 

rehearsal in reading.  This obviously requires a somewhat difficult and unnatural reading task in 

Phase 2.   

To circumvent the coding issue altogether, one approach would be to use perceptual 

materials that cannot be easily encoded verbally but whose perceptual features would prime or 

inhibit subsequent text comprehension.  In such a design, a participant would be exposed to 

objects with shapes that can’t be named but which afford certain types of action.  Subsequently 

they would read sentences which permit actions consistent or inconsistent with the preceding 

shapes.  The chance of participants becoming aware of the manipulation is probably small 

enough that sentence comprehension could immediately follow exposure to shapes, thus 

permitting a within-subjects design.  One drawback of such an approach is the loss of naturalistic 

materials in Phase 1, which constituted one of the strengths of Experiments 2 and 3.  One way to 

circumvent this problem would be to produce a group of naturalistic experimental stimuli with 

perceptual information that cannot be easily recoded in linguistic form.  It seems plausible that 

the condition of the eggs in Experiments 2 and 3—whole or broken—could be easily verbalized 

(as well as the different contexts in which they might be encountered).  Presenting pictures in 

which objects differ only in their orientation, horizontal or vertical, might address this issue.  For 

example, the picture of a dinner plate in a vertical orientation is more easily integrated into a 

story about putting dishes in the dishwasher than a dinner plate in a horizontal orientation.  But 

this context-appropriate information seems less accessible to verbalization in Phase 1 than the 

case of the egg.  Pilot studies employing conscious association tasks could explore the feasibility 

of this claim.
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