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The present research investigated the influence of several factors on young and older 

adults' reading comprehension of real-world texts. The first experiment determined the effects of 

negation on comprehension of written sentences and examined the level of text representation at 

which negation most severely impacts comprehension. The second experiment assessed the 

effectiveness of a specific compensatory strategy, the use of a negation symbol, in 

comprehending negation. Using online, activation, and content measures of comprehension, 

participants read sentences modified from fiction novels. Participants read sentences one word at 

a time at their own pace, then immediately named a probe word that was verbatim from the 

sentence, related to the sentence, or unrelated. Participants then answered a comprehension 

question about the sentence they had read. The results showed that negation affected 

comprehension in both age groups, such that sentence reading times were faster for negative 

sentences, probe naming times were slower following negative sentences, and comprehension 

accuracy was lower for negative sentences, relative to non-negative sentences. Negation 

equivalently slowed verbatim and related probes' naming times, suggesting that negation had 

similar effects on the situation model and surface levels of representation. However, these effects 

of negation were not exacerbated with age, although older adults' comprehension overall was 
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poorer than young adults. With respect to compensation, providing the negation symbol during 

reading did not facilitate the processing of negation specifically but instead encouraged readers 

to focus more attention on all of the sentences. These findings suggest that age and inhibition are 

less important in influencing negation comprehension than working memory. Furthermore, the 

lack of age deficits in negation comprehension has positive implications for older adults' 

functioning in a world where negation is present in many contexts, such as prescription labels 

and road signs. 

 



 

12 

CHAPTER 1 
INTRODUCTION 

The present research explores a topic that concerns an activity people engage in every day 

through their interactions with other people and the world: language comprehension. In tasks 

such as reading or conversing with friends and co-workers, processing and understanding the 

language with which we are presented becomes critical for functioning. However, there are some 

significant differences between comprehension of spoken versus written language. 

Comprehension of spoken language is aided by various cues, such as feedback provided from a 

conversational partner, or prosodic cues, such as intonation. In contrast, reading is dependent on 

the reader and his/her cognitive capacities. The process of reading is also complicated because it 

involves various levels of comprehension (e.g., surface level, text base level, situation level) to 

reach full understanding of the text (e.g., Kintsch, 1998). Given that reading is important for 

functioning under many real-world circumstances (e.g., menus, road signs, voting, medication 

labels, and instruction manuals), language comprehension through reading becomes important 

for study, and the variables that may impact the ability to perform such a task need to be 

examined. 

Research investigating language comprehension through reading has used various 

experimental tasks to study the processes that take place during reading, the information from the 

text that is stored in memory, and the kinds of representations that are formed from the 

information presented in the text. Zwaan and Singer (2003) reviewed various techniques in the 

literature, including "online" measures like self-paced reading and the moving-window 

technique, "activation" measures like lexical decision, recognition, and naming, and "content" 

measures like the think-aloud protocol, question answering, and sentence completion, to describe 

their use in examining reading through different means. 
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Online measures of reading comprehension (e.g., Kemtes & Kemper, 1997; Stine, 1990; 

Stine-Morrow, Loveless, & Soederberg, 1996) test reading as the process is occurring. Self-

paced reading presents segments of text (e.g., word, phrase, or sentence) on a computer screen at 

a rate controlled by the reader. The reader can move from one segment of text to the next by 

pressing a key on the keyboard. For the self-paced reading technique, only the segments of text 

presented for reading are present on the screen, while no other information about the length of 

the upcoming words or length of the passage is given. This presentation is different from the 

moving-window technique, another type of self-paced reading, where an entire passage is 

presented on the screen with all of the letters replaced with dashes, which give clues about the 

length of the words to be read. The dependent measure of both self-paced reading and the 

moving-window technique has traditionally been reading times between key presses. Longer 

response times provide evidence for increased difficulty in reading that piece of text. 

In activation measures (e.g., Hamm & Hasher, 1992; Radvansky & Curiel, 1998; 

Radvansky, Zacks, & Hasher, 2005), the accessibility of the information that is learned from the 

text is tested. The term "activation" describes how accessible the text’s meaning, or occasionally 

verbatim text, is in memory. If the meaning or verbatim text is readily available (i.e., still 

activated), then that piece of information is considered an important part of the mental 

representation of the text. One activation measure often used is the naming measure. In the 

naming measure, a word, either from the text or semantically related to a word from the text, is 

presented after reading. The participant is required to say aloud the word shown. The dependent 

measure for activation tasks is the time required to say the presented word. The faster the 

response times, the more available the word is in the mental representation of the text, indicating 

its importance to the situation described in the text. 
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Content techniques (e.g., Radvansky, Copeland, Berish, & Dijkstra, 2003; Radvansky, 

Curiel, Zwaan, & Copeland, 2001) measure the kind of representations that are being formed or 

have been formed about the text (depending on when the test is given), as well as the information 

that is contained in that representation. A common content measure involves memory and 

includes free or cued recall. Recall tests require participants to either reconstruct the text that 

they read from memory (i.e., free recall) or to fill in a missing part of the text given a portion of 

the text as a cue (i.e., cued recall). Unlike the other measures, content techniques focus on 

accuracy, where inaccurate responses are evidence that the text may not be stored clearly or 

correctly in memory. 

In the aging literature, older adults' abilities have been examined through a variety of these 

methodologies, often combining methodologies to expand the scope of exploration. General 

findings from online measures suggest that older and young adults allocate their reading time 

differently (e.g., Connelly, Hasher, & Zacks, 1991; Kemtes & Kemper, 1997; Stine, 1990; Stine-

Morrow et al., 1996; Waters & Caplan, 2001). Older adults are more likely to pause at both 

clause boundaries (i.e., the end of a single idea in a sentence, often indicated by the presence of a 

comma) and sentence boundaries (indicated by a period), where young adults will typically 

pause only at sentence boundaries. The different strategies for older adults' allocation of reading 

time do not suggest that older adults were less able to read and understand text, but rather that 

their approach in doing so was different. In activation techniques (e.g., Hamm, & Hasher, 1992; 

May, Zacks, Hasher, & Multhaup, 1999; Radvansky & Curiel, 1998; Radvansky et al., 2003; 

Radvansky et al., 2001; Radvansky et al. 2005;), older adults have shown little, if any, deficits in 

comprehension (for a review, see MacKay & Abrams, 1996). While older adults may be slower 

to access information from the text, their accuracy in accessing that information is similar to 
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young adults. In content measures (e.g., Kemtes & Kemper, 1997; Stine, 1990; Stine-Morrow et 

al., 1996), older adults show some deficits relative to young adults in that they often recall less 

specifics from the text, although they usually can retrieve the gist of the text processed during 

reading. However, these techniques rely on retrieval from memory, so age differences in content 

measures may actually result from age-related declines in memory, rather than difficulties in 

comprehension (e.g., Stine-Morrow et al., 1996). 

Using these techniques, research on language comprehension has examined many variables 

that influence a reader’s comprehension of text (e.g., syntactic complexity, negation, lexical 

ambiguity, morphological complexity) and provides evidence of how and when difficulties occur 

in the reading process. Studies of the above variables give insight into the mechanics involved in 

the reading process through an examination of constructions that naturally occur in language and 

that may increase difficulty in understanding. One specific focus of past research has been on 

young adults’ comprehension of negation in text; however, older adults’ comprehension of 

negation has not been explored. The examination of negation as a variable in language 

comprehension is important for older adults because of the impact it may have on reading 

prescription medication labels, road signs, and even voting forms, all of which may contain 

negation. 

The Impact of Negation on Reading Comprehension 

The general findings in the negation literature are that sentences that include negation take 

longer to process during reading and that young adult readers show poorer comprehension when 

sentences contain negation compared to sentences that do not contain negation, i.e., non-negative 

or affirmative sentences (e.g., Cornish, 1971, Experiment 1; Cornish & Wason, 1970; Hoosain, 

1973; Just & Carpenter, 1971; Kaup, 2001; Kaup, Dijkstra, & Ludtke, 2004; Kaup, Ludtke, & 

Zwaan, 2005; Kaup & Zwaan, 2003; Kaup, Zwaan, & Ludtke, in press; MacDonald & Just, 
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1989; Sherman, 1973). Both activation and content measures have shown that the presence of 

negation slows responses times to and decreases accuracy of comprehending negated concepts 

(Cornish, 1971; Cornish & Wason, 1970; Just & Carpenter, 1971, Experiment 1; Kaup, 2001; 

Kaup et al., 2004; Kaup et al., 2005; Kaup & Zwaan, 2003; Kaup et al., in press; MacDonald & 

Just, 1989, Sherman, 1973). For example, MacDonald and Just (1989) examined the impact of 

negation on comprehension of a sentence via two activation measures, probe recognition (where 

participants indicated whether they recognized a word as having been in the sentence they had 

just read) and probe naming (where participants said the probed word out loud). Results showed 

that participants’ responses to both recognizing and naming a probe were slower if the probe 

word had been negated in the sentence they had read. These results suggest that negation may 

reduce the availability of negated concepts in the mental representation by deactivating the 

negated concept. 

Further examination of the availability of negated text has been examined by Kaup (2001). 

In two experiments, participants completed a probe recognition test, where the probe word was 

part of a definite/indefinite noun phrase from the sentence (Experiment 1; e.g., "the table" or "a 

table") or was a creation/destruction verb used in the sentence (Experiment 2; e.g., "bake" or 

"burn"). In the first experiment, the meaning of the probe word (e.g., "table") was the same, but 

the specificity of the word before it (e.g., "the" vs. "a") differed between the two examples. In the 

second experiment, the meaning of the probe words was different. The results for Experiment 1 

showed longer response times and lower accuracy for recognizing probe words that had been 

negated relative to non-negated probe words, but the type of noun phrase (definite vs. indefinite) 

had no effect on the speed or accuracy of responses. The results of Experiment 2 showed slower 

recognition times for negated probes than non-negated probes, with a greater difference for 
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creation verbs. Together, these findings suggest that negation has greater effects on 

comprehension of text at the level of meaning rather than the specific word level. 

Similar effects of negation have been found with content measures. For example, Cornish 

and Wason (1970) examined negation's effect on recall, i.e., whether negative sentences would 

be recalled less than positive sentences. Results showed that affirmative sentences (e.g., "It is 

bright") were recalled more often than the negative sentences (e.g., "It is not bright"), and more 

errors were made on the negative sentences. These errors often included changes in syntax but 

not meaning (e.g., recalling "It is not bright" as "It is dull"); the negation word was deleted, 

changing the sentence structure, and was instead included in the meaning of another word (i.e., 

"not bright" is recalled as "dull"). The implications of these results are that negation not only 

makes ideas less accessible during reading, but it also makes them difficult to store and retrieve 

from memory. 

Theories of Language Comprehension and Aging 

Previous research on reading comprehension has been framed in terms of several theories. 

The general theories of comprehension give an overview of how information from reading can 

be represented in memory and how comprehension may progress independent of age (e.g., Just 

& Carpenter, 1992; Kintsch, 1998). The aging theories then focus on how language 

comprehension can be influenced by variables such as working memory, which may 

fundamentally change across the lifespan (e.g., Hasher & Zacks, 1988; Light, 1988). 

One theory of comprehension, a capacity theory of language comprehension (e.g., Just & 

Carpenter, 1992), explains how working memory resources are critical for language 

comprehension during reading. The principal element of this theory is that the amount of 

information that can be held in working memory, i.e., capacity, influences the degree of 

comprehension during reading. However, there is an inherent limit to how much working 
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memory can hold. Difficulties arise when the capacity needed to comprehend a sentence exceeds 

an individual's working memory capacity. Context may relieve the burden on working memory 

to some degree. When sentences are read in context, i.e., a framework of text involving related 

ideas, there is some amount of pre-activation of ideas (i.e., preparation for what ideas are to 

come next), which lessens the amount of capacity needed to process subsequent ideas. This 

theory's basis in working memory capacity has implications in the aging literature such that older 

adults are believed to have smaller working memory capacities (e.g., Light, 1988; Waters & 

Caplan, 2001), and thus may show decrements in processing sentences that tax their working 

memory limitations. 

Given that negation seems a pervasive construct that is likely to cause difficulty in 

comprehension, it is important to understand how it is processed. Negation may tax working 

memory, as processing negation may involve more steps than reading non-negated text (e.g., 

activating and then deactivating a particular concept). MacDonald and Just (1989) proposed that 

when we read negation, all ideas that are negated become deactivated. For example, after reading 

the statement "Elizabeth baked some bread but no cookies," "cookies" becomes deactivated and 

therefore is removed from working memory. Additional time and processing resources are 

needed to deactivate the negated concept, which makes processing of negation more difficult. 

Various types of negation may differentially burden working memory. The type of 

negation that shows the most detrimental effect on reading comprehension is the negation that 

involves changes in syntax (i.e., adding "not" into the sentence; Just & Carpenter, 1971, 

Experiment 1; Sherman, 1973). For example, Just and Carpenter (1971) asked participants to 

verify sentences in comparison with a presented picture and examined three types of negation: 

explicit negatives, implicit syntactic negatives, and semantic negatives. Explicit negatives were 
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syntactically negative because they overtly included the negative by use of a negative modifier 

(e.g., "The dots are not red"). Implicit syntactic negatives were negatives that did not include a 

negative modifier but described a subset of items that were negated (e.g., "Few of the dots are 

red") and included a word that can be used in different syntactic structures; for example, in the 

sentence “Few of the dots are red,” "few" can either indicate that a few dots are red or that some 

other amount of dots are not red. Semantic negatives also refer to a subset of items but do not 

contain a syntactic property for marking the negation (e.g., "A minority of the dots are red"). The 

results showed that response times were longer following explicit and implicit syntactic 

negatives relative to semantic negatives, suggesting that syntactic negatives are more difficult for 

comprehension than other types of negatives and that negation can be viewed as a syntactically 

complex structure. 

Another theory of comprehension is the Construction Integration (CI) Model (Kintsch, 

1998). In this model, a network is formed during reading, containing a "text representation" of 

the newly read information. For the CI Model, there are three levels of representation that a text 

can take in memory. The first of these representations is the "surface level," where the 

representation is only the verbatim words themselves. The second level is the "textbase," which 

represents the words as well as their meanings. The highest level of representation is the 

"situation model," including the meaning of the text as well as conclusions and inferences drawn 

from the text. While all readers use the surface level, textbase level, and situation model level for 

processing and storage of text information, there are some age differences in the representations 

on which readers tend to rely. There is evidence that older adults are better able to understand 

and store text at the situation level than at the surface and textbase level, while young adults are 

better able to store text at the surface and textbase levels (e.g., Radvansky et al., 2001). Given a 
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limited working memory capacity, older adults may continue only store the meaning/situation 

model instead of the lower levels of representation. Young adults may tend to store exact 

wording as well as the situation model representation because they have additional working 

memory resources, which leaves more room to store additional information which may increase 

the specificity of the memory representation of the text.  

This theory involving different levels of representation of text (e.g., Kintsch, 1998; Zwaan 

& Radvansky, 1998) can be applied to the comprehension of negation. In the propositional nodal 

network, the ideas in the sentence that were activated during reading are subsequently 

constrained to deactivate unneeded information. In the case of negation, the negated word is not 

needed in the situation that is described. For example in the sentence, "Elizabeth baked some 

bread but no cookies," "cookies" are not necessary for representing what happened in the 

situation described in the text. In other words, not all of the concepts that are presented in the text 

are necessary for the situation model and therefore do not need to remain as highly activated, 

allowing a more accurate representation of the situation to be created. The CI Model as applied 

to negation can explain some of the previously-reviewed studies. For example, the results of 

Kaup (2001), where negation had an impact on comprehension only when the meaning of the 

text was changed, suggest that negation affects the situation model representation of the text 

rather than the surface level. The results from Cornish and Wason (1970) also suggest that the 

meaning of the negation is more important than specific wording, and that readers remember the 

gist or the situation model representation instead of the exact words. 

A final theory, related to Just and Carpenter's capacity theory of working memory that 

relates working memory difficulties to aging, is the Inhibition Deficit (ID) Theory (Hasher & 

Zacks, 1988). This theory proposes that inhibition from working memory is the focus of 



 

21 

problems in comprehension in aging. When inappropriate information is held in working 

memory, unnecessary amounts of working memory capacity are taken up and are not available 

for appropriate information processing. If inappropriate information gets into working memory, 

it is the duty of the inhibitory mechanism to deactivate that information (i.e., get it out of 

working memory). However, if the inhibitory mechanism is not working properly, inappropriate 

information will not get de-activated as quickly, and the resulting capacity remaining to process 

the appropriate information from the sentence is diminished. Hasher and Zacks (1988) 

specifically proposed that older adults have inefficient inhibitory mechanisms. Therefore, older 

adults may not be able to efficiently or appropriately deactivate a negated concept that is 

unimportant to the situation model representation of the text.  

Specific Aims 

In light of the potential for difficulty in older adults’ comprehension of negation, the aims 

of the present studies are to: (1) determine the effect of negation on older adults’ comprehension, 

(2) assess the function of inhibition in negation processing, (3) demonstrate the impact of 

negation on multiple levels of text representation, and (4) test the effectiveness of a 

compensatory strategy in facilitating young and older adults’ comprehension of negation. All of 

these aims were tested within the context of texts that readers may encounter in real life, as 

opposed to texts that have been created by an experimenter, a technique not previously used in 

negation research. Many studies of negation assume that the simple laboratory experiments 

extend to real-life situations. For example, Cornish (1971, Experiment 1) had participants 

compare negated sentences to a multi-colored circle (e.g., participants verified the sentence “The 

dot is not red” in reference to a picture they saw). This task seems very different from the way 

that negation is encountered in everyday life, such as through reading a novel, newspaper, or 

even a prescription label. These experiments may actually be testing logic in that comparing 
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sentences to pictures may be more reminiscent of “if-then” reasoning than reading 

comprehension. As Neisser (1978) suggested, a more ecological approach should be taken 

toward laboratory research because no practical impact can be made from research that is not at 

least partly based in reality. By using logic sentences (e.g., "The dot is not red"), previous 

experiments have not sufficiently asked or answered questions of comprehension, such as: How 

does negation affect our reading? How does negation affect our representation of that text? How 

does negation affect our retention and retrieval of the information we have read? 

The present research will demonstrate whether young and older adults are affected by 

negation when reading more real-world types of texts. The next chapter will describe the first in 

a series of two experiments, which use online, activation, and content techniques to more 

thoroughly assess negation's influence on reading comprehension. 
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CHAPTER 2 
EXPERIMENT 1 

The purposes of Experiment 1 were to determine the effects of negation on young and 

older adults' comprehension of negation and to examine the level of text representation at which 

negation most severely impacts comprehension. Specific hypotheses are presented below. 

Hypothesis 1 

Older adults will have more difficulty processing negation than young adults because of an 

increased difficulty with inhibition. As proposed by the IDH, older adults will have trouble 

inhibiting the concept that is modified by the negation, resulting in the concept's inclusion in 

their memory representation of the text. As an older reader takes in the information from the text, 

he/she will be less likely to disregard the negated concept and will include the concept in their 

memory representation of the text as if it were never negated. Representing the negated concept 

(which should not be represented because it is not relevant in the situation described by the text) 

takes up some working memory resources. According to Just and Carpenter's capacity theory of 

working memory, using working memory resources for processing negation would cause 

problems storing the rest of the appropriate/relevant content of the text in working memory, 

especially when that text is difficult to process and would require a lot of resources. The result is 

that for older adults, whose working memory resources may already be limited (e.g., Light, 

1988), an inhibition deficit will result in incorrectly representing the negated concept in memory 

and prevent appropriate processing of the text as a whole. The alternative hypothesis is that older 

adults will not show a difficulty with inhibition as it relates to negation processing, contrary to 

the IDH. Burke (1997) suggested that older adults can demonstrate inhibition to the same degree 

as young adults, such as in completing sentences (e.g., Burke & Harrold, 1988), metaphor 

comprehension (e.g., Newsome & Glucksberg, 2002), or picture descriptions (e.g., James, Burke, 
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Austin, & Hulme, 1998). Therefore, older adults may represent negation appropriately and be 

able to prevent the negative concept from being included in their mental representation of the 

text.  

The potential for increased difficulty in negation processing for older adults compared to 

young adults may be caused by factors other than inhibition, even if working memory limitations 

are still relevant. Both Gough (1965) and Mehler (1963) suggested that negation, as well as any 

type of complex sentence, can be processed in terms of its simpler form (called its “kernel”) and 

then transformed back to the original, more complex, form later for retrieval or verification. In 

terms of negation, this idea is that a negative sentence would be processed in terms of its 

affirmative counterpart and then marked with a “footnote” that indicates that the sentence was 

negative. Later, both the sentence and its footnote are retrieved, and the sentence is reversed into 

its negative interpretation once again. Older adults would have difficulty in this instance because 

they would need to hold both the affirmative form of the sentence and the note about its 

transformation in their working memory. This additional information would take up working 

memory resources and cause difficulty, not because the reader was unable to inhibit the 

necessary information to make an appropriate representation, but rather because older adults' 

working memory capacities are limited. Regardless of the mechanism for making negation 

difficult to process, limited working memory resources for older adults would be 

counterproductive in processing negation. 

Hypothesis 2 

Older adults will show the most difficulty in representing negation at the situation model 

level of representation. The situation model, i.e., the highest level and most meaningful level of 

text representation, is the level of text where information is stored and used for many tasks, 

including learning. In relation to aging, there is evidence that older adults more often understand 
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and store text at the situation level than at the surface and textbase level, while young adults store 

text at the surface and textbase levels (e.g., Radvansky et al., 2001). Given that older adults 

represent information from text at the situation model level, this level may be the most affected 

by any difficulty in representing and remembering the information presented in the text. 

The research on young adults’ negation comprehension suggests that negation most 

adversely affects the situation model representation of text (Kaup, 2001). In addition, older 

adults most easily remember text from the situation model because it is the most meaningful 

representation, and older adults’ limited working memory capacity prevents them from 

necessarily retaining multiple representations of the text (e.g., Radvansky et al., 2001). 

Combining these results with the prediction that older adults may have more difficulty correctly 

understanding negation than young adults, older adults’ difficulty in processing negation is 

expected to be most evident at the situation model level. To measure the availability of that level 

of representation in a reader’s memory for that text, activation measures will use words 

representing the situation model level (i.e., words that show the gist meaning of the text) as well 

as the surface level (i.e., words verbatim from the text). 

An alternative hypothesis can be made based on older adults’ expertise in using situation 

model representations and their more extensive practice at processing at this higher and usually 

important level (Radvansky et al., 2001). Given that older adults primarily store and retrieve text 

at the situation model level, they may be more experienced at using this level of representation. 

Thus, older adults may be able to offset, i.e., compensate for, a difficulty that would occur at the 

situation model level with their extensive experience. The result would be that older adults 

would be relatively unimpaired by the negation at the situation model level, compared to 

processing at the surface and textbase levels. While this prediction also supports the idea that 
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older adults tend to process and store text at the situation model level, it differs in that older 

adults will be able to use their experience to offset their difficulties with negation at levels in 

which they best process information from text. 

Methods 

Participants 

Fifty-four young (40 female and 14 male) and 54 older adults (35 female and 19 male) 

were tested. The young adults ranged from 18 to 23 (M = 19.09, SD = 1.22) years of age and 

were recruited from introductory psychology classes at the university. The older adults ranged 

from 64 to 87 (M = 74.59, SD = 5.98) years of age. The older adults were community-dwelling 

older adults, recruited from churches, clubs, and libraries surrounding the university. Participants 

were fluent speakers of American English and reported that they not previously read the “Harry 

Potter” series by J.K. Rowling or seen the corresponding movies. 

Design 

The present experiment used a 2 x 2 x 3 factorial design with age group (young and older), 

sentence type (negative and non-negative), and probe type (verbatim, related, and new) as 

factors. Sentence type and probe type were within-subjects factors, and age group was a 

between-subjects factor. The dependent variables were the reading times for words in the 

sentence, the naming time for the probe words, and comprehension question accuracy. Reading 

times measured online processing (i.e., processing during reading), naming times measured the 

activation levels of the probed words, and comprehension question accuracy indicated how much 

and how accurately a reader retained the content of the text specifically relating to the negation. 

Materials 

One hundred and two experimental sentences and 30 filler sentences were used in the 

present experiment. Experimental sentences came from the “Harry Potter” series by J.K. 
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Rowling. As reported by Laurie May of the Alachua County Library System, this series was 

selected as text that both young and older adults would like to read, based on observations from 

library employees and rates of check-out (L. May, personal communication, June 1, 2006). In 

addition, an article in the Gainesville Sun newspaper reported “Harry Potter” as one of the young 

adult books that other age groups are beginning to enjoy reading (“Grown-ups are turning to teen 

books,” 2006). Sentences were modified to include or exclude negative modifiers, and changes 

in grammar were made as necessary. Names of characters were also changed to obscure the 

source of the text and to avoid participants bringing preexisting ideas about what they would be 

reading. Each sentence (e.g., “Trying very hard to not imagine what Katie might look like if they 

found her, Adrian led the way forward.”) contained a target word, e.g., imagine. Each target was 

preceded by either a negative modifier (e.g., not imagine) or no modifier (e.g., imagine).  A 

negative modifier was defined as a word that denotes the absence of the word that it modifies. 

Target words were of varying parts of speech, including verbs in 63.7% of sentences, nouns in 

10.8% of sentences, adverbs used in 1% of sentences, and adjectives in 24.5% of sentences. 

Modifiers were “no,” “not,” and “never,” with “no” used in 11.7% of sentences (7.7 % 

modifying verbs, 84.6% modifying nouns, and 7.7% modifying adjectives), “not” in 87.3% of 

sentences (71.6 % modifying verbs, 1.1% modifying adverbs, and 27.3% modifying adjectives), 

and “never” in 1.0% of sentences (100% modifying verbs). 

Each sentence was associated with three possible probes for the naming task. The verbatim 

probes were identical to the targets, e.g., “imagine.” The related probes were semantically related 

to the target, e.g., “dream,” specifically synonyms of the target word, as defined by a thesaurus, 

which could replace the target in the text without a change in meaning. The new probes were 

words that were not present in the sentence, were unrelated to the situation described by the text 



 

28 

(e.g., “adjust”), and could not replace the target word in the sentence without a significant 

change in meaning. All probe types were relatively high in frequency (e.g., Francis & Kucera, 

1982), and were similar in length (Table 2-1). The presentation of each type of probe word was 

counterbalanced across participants, along with negative modifiers and no modifiers, creating 6 

versions of stimuli with 17 sentences in each condition. Each sentence was also associated with 

one comprehension question, specifically focusing on the target and its representation in the 

situation model of the text. Appendix A displays sample stimuli, including sentences in both the 

negative and non-negative conditions, their corresponding probes (verbatim, related, and new), 

and comprehension questions. In addition, 30 easy, non-negative filler sentences, with probes of 

all three types and comprehension questions, were presented to build confidence in less skilled 

readers who might have had more difficulty with the experimental comprehension questions and 

also to hide the pattern of questions always referring to the negative portion of the sentence. 

Sentences, probes, and comprehension questions were presented on a computer screen via 

a Gateway E-series Pentium 4, 1.8 GHz PC-compatible computer using a program written in 

Visual Basic 5.0. Naming times were measured using a Microsoft Multimedia Control sound 

recorder written into Visual Basic 5.0. The sound recorder began recording at the onset of the 

probe word and stopped recording when participant finished saying the probe and pressed the 

"enter" key. Each sound file was manually examined using Audacity, a sound recording and 

analysis program that displays the waveform of the sounds recorded, and the time between probe 

presentation and naming onset for each probe word was extracted. 

Young and older participants were tested on several measures of cognitive ability, 

including a 25-item multiple-choice vocabulary test, forward and backward digit span tests, a 

Stroop interference task (e.g., MacLeod, 1991; Stroop, 1935) and an Operation Span task (Turner 
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& Engle, 1989) to provide measures of semantic knowledge, inhibition, and working memory 

capacity. Participants also completed questionnaires on other background demographics, 

including questions about their education, reading, and writing habits. In addition, older 

participants completed a test of mental status known as the Mini Mental State Examination 

(Folstein, Folstein, & McHugh, 1972), a 30-point questionnaire surveying older adults’ 

orientation, attention and calculation, recall, and language processing abilities, where all older 

participants scored at least 27 out of 30, M = 28.83, SD = 1.24.  

For the Stroop interference task, participants saw a color word written in a particular color 

on a computer screen. Underneath the word, there were four boxes: a red box, a blue box, a 

yellow box, and a green box. The task was for participants to click the mouse on the box that 

matched the color in which the word was written. A motor response was used instead of verbal 

responding, similar to Keele (1972), in order to fully computerize the task and more precisely 

time the sessions. The first 20 trials were congruent, such that the color and the word matched 

(e.g., the participant saw the word “red” written in red). The next 20 trials were incongruent, 

where the color and the word did not match (e.g., the participant saw the word “red” written in 

yellow). Trials were blocked by type to reduce confusion from transitioning from one type of 

stimulus to another, and congruent trials were presented first to simulate the “control first” 

method originally used by Stroop (1935). The time to complete each block1 was recorded, and 

the difference between the incongruent and congruent blocks was calculated as a measure of the 

Stroop effect. A larger Stroop Effect indicates more difficulty with inhibition. 

For the Operation Span task, participants were presented with a math equation to verify 

(e.g., Is (9/3)-2=3?), followed by a word to remember. These two types of materials were 

                                                 
1 Individual word timing has been investigated in previous studies and found to yield similar amounts of Stroop 
interference as the timing of blocks (e.g., Sichel & Chandler, 1969). 
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presented several times (i.e., a math equation, then a word, then a math equation, then a word) 

until participants were presented with a number of words to remember, ranging from two to five, 

with set size presented in the same random order for all participants (stimuli was the same as was 

used in Turner & Engle, 1989). Participants were then prompted to recall out loud the words 

from that set, i.e., the group of words presented for recall. This process was repeated for 12 sets 

(three sets of each size from two to five words), the proportion of words recalled from each set 

was calculated, and the average of these proportions was calculated to make each participant’s 

final operation span score. Although there are other scoring methods, this method was chosen 

because it was a straightforward measure of how many items participants could recall (Conway, 

Kane, Bunting, Hambrick, Wilhelm, & Engle, 2005 present a summary of scoring techniques). 

Procedure 

Upon beginning the experiment, participants were asked to sign an informed consent form, 

giving their approval to continue with the study. Older adults also completed the MMSE 

screening at this time. Then, participants received instructions on the experimental tasks (to be 

described below) and completed three practice trials. Appendix B presents the instructions that 

were seen by the participants. Following the practice trials, the experimenter answered any 

questions the participant may have had, and data collection began for each of 132 trials (102 

experimental and 30 filler trials randomized for presentation). Each trial consisted of the reading 

task, the naming task, and one comprehension question. The tasks were completed as follows. 

The first task was the self-paced reading task, where participants read sentences one word 

at a time by pressing the “space bar” with their dominant hand to move from one word to the 

next. Sentences appeared on the screen with letters replaced by dashes while preserving spaces 

and punctuation. With each key press, one word was revealed while the previous word returned 

to dashes, and the reading time for each word was recorded by the computer. After reading the 



 

31 

final word in each sentence, a 500 msec pause was presented, and participants were presented 

with one of three possible probe words (verbatim, related, and new) for the naming task. The 500 

msec delay was determined by pilot testing young adults on various delay presentations (i.e., 

250, 500, 750, 1000, and 1250 msec) to determine the longest amount of time possible to show 

the probe while still getting an effect of negation (i.e., a longer naming time for negatively 

modified probes compared to non-modified probes). The delay was presented to make a negation 

effect able to be detected in both age groups, since older adults tend to be slower in processing 

than young adults in many domains (e.g., Salthouse, 1996). Upon presentation, participants said 

aloud the word shown. The multimedia sound recorder recorded the sound, and the naming 

latency, i.e., the time between probe presentation and the onset of the participants’ voice, was 

extracted. After naming, participants pressed the “enter” key to immediately show a 

comprehension question. This question was answered verbally, using one or more words, and the 

experimenter recorded the answers. After answering this question and pressing the “enter” key, 

the next sentence appeared on the screen. The process was repeated for all 132 sentences. 

When the reading, naming, and comprehension trials were completed, participants 

completed the background questionnaires and cognitive tests, as described earlier. After these 

cognitive tests, participants were debriefed and thanked for their participation. Older adults were 

given monetary compensation, and young adults were given course credit. 

Results 

Demographics, Operation Span, and Stroop Test 

Independent samples t-tests on the demographic measures (Table 2-2 shows means and 

standard deviations) indicated that older adults had more years of education, t(106) = 9.21, p < 

.01, had greater vocabulary scores, t(104) = 15.20, p < .01, and reported spending marginally 

more time watching television, t(105) = 1.94, p < .06, and doing crossword puzzles, t(105) = 
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1.74, p < .09, than young adults. Young adults had marginally larger forward digit spans than 

older adults, t(105) = 1.92, p < .06, and reported spending more time writing, t(104) = 5.79, p < 

.01, than older adults. Both young and older adults rated themselves similarly on health, p > .59 

their spelling training while they were in school, p > .14, and their spelling ability now, ps > .27. 

In addition, both age groups reported spending similar amounts of time reading, p > .35, and had 

similar backward digit spans, p > .20. 

For the Operation Span test, young adults recalled a higher proportion of words than older 

adults, t(105) = 4.10, p < .01, suggesting that older adults had smaller working memory 

capacities. For the Stroop task, an Age Group x Trial Type (congruent and incongruent) ANOVA 

was conducted on mean response time for each block of trials, resulting in a main effect of age 

group, F(1, 106) = 125.13, MSE = 105.93, p < .01, a main effect of trial type, F(1, 106) = 34.66, 

MSE = 41.20, p < .01, and an interaction, F(1, 106) = 24.95, MSE = 41.20, p < .01. Follow-up 

tests on the interaction indicated that young adults had similar response times for congruent and 

incongruent trials, p > .53, but older adults had longer response times on incongruent trials 

relative to congruent trials, p < .01. The lack of Stroop interference for young adults may be due 

to the use of a motor task, which tends to have smaller Stroop interference effects (e.g., Keele, 

1972). 

Reading Times 

For all participants' reading times, reading times exceeding plus or minus three standard 

deviations from the mean of each age group were excluded, so as not to include instances where 

participants skipped over words, stopped during reading for a break, or paused to ask a question. 

For young adults, this technique eliminated 1.9% of the data, and for older adults, this technique 

eliminated 1.7% of the data. Tests of reading times measure the difficulty that older adults may 

have in comparison to young adults in reading on-line. Longer reading times indicate difficulty 
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with that portion of the sentence, and provide a specific time frame during reading, where young 

and older adults may differ. These tests will provide a test of Hypothesis 1, investigating whether 

additional time is necessary for processing negation because it is a difficult sentence 

construction. 

Overall reading times 

To examine the speed with which readers in each age group were reading the words in the 

presented sentences, a 2 (Age Group) x 2 (Sentence Type) ANOVA was conducted (Table 2-3 

shows means and standard deviations) on the mean reading time per word, averaged across all 

words in a sentence. Results showed a main effect of age group, F(1, 106) = 35.92, MSE = 

31385.87, p < .01, where older adults (M = 603.02) spent more time reading each word than 

young adults (M = 458.54). In addition, this analysis revealed a main effect of sentence type, 

F(1, 106) = 5.33, MSE = 115.32, p < .02, where participants spent less time reading words in 

negative sentences (M = 529.09) than non-negative sentences (M = 532.46). The interaction 

between age group and sentence type was not significant, p > .22. 

Target word reading times 

To distinguish specific locations within each sentence that participants may have increased 

or decreased their reading speed, analyses of the different types of words in each sentence were 

conducted. First, a 2 (Age Group) x 2 (Sentence Type) ANOVA was conducted on the time spent 

reading the target word, i.e., the word that was modified by the negation in negative sentences or 

was not modified in the non-negative sentences  (Table 2-4 shows means and standard 

deviations). A main effect of age group was revealed, F(1, 106) = 30.79, MSE = 44719.88, p < 

.01, such that older adults (M = 609.53) spent more time reading target words than young adults 

(M = 449.85). While the main effect of sentence type was not significant, p > .13, a marginal 

Age Group x Sentence Type interaction (Figure 2-1) was shown, F(1, 106) = 3.02, MSE = 
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839.01, p < .09. Further analyses on this interaction revealed that young adults spent less time 

reading the target word when it was in a negative sentence than when it was in a non-negative 

sentence, p < .02, whereas older adults had equivalent target reading times regardless of sentence 

type, p > .88. For both negative and non-negative sentences, older adults read the target word 

slower than did young adults, ps < .01, but the age group difference was slightly larger for 

negative sentences. 

Post-target word reading times 

A 2 (Age Group) x 2 (Sentence Type) ANOVA was conducted on post-target reading 

times, the word immediately following the target (Table 2-5 shows means and standard 

deviations). Results showed only a main effect of age group, F(1, 106) = 41.52, MSE = 

28325.21, p < .01, where older adults (M = 604.18) read after-target words slower than young 

adults (M = 456.60). The main effect of sentence type and the interaction were not significant, ps 

> .68. 

Modifier versus target reading times for negative sentences only 

To compare the reading times of modifier words with the reading times of the words they 

modify (i.e., the target words), a 2 (Age Group) x 2 (Word Type) ANOVA was performed on the 

reading times of the modifiers and the target words in negative sentences only (Table 2-6 shows 

means and standard deviations). Only negative sentences were evaluated because there were no 

modifier words in non-negative sentences. The analysis revealed a main effect of age group, F(1, 

106) = 31.87, MSE = 40046.29, p < .01, and a main effect of word type, F(1, 106) = 96.19, MSE 

= 1715.21, p < .01. These main effects were moderated by an Age Group x Word Type 

interaction, F(1, 106) = 5.16, MSE = 1715.21, p < .03, such that reading times for targets were 

slower than for modifiers for both age groups, but this difference was larger for older adults, ps < 

.01. 
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Probe Naming Times 

Any inaccurate responses, including those where a participant laughed, stuttered, coughed, 

cleared their throat, or pressed the "enter" key before they said the probe word, were not 

included, eliminating 17.3% of potential responses from young adults and 16.0% of potential 

responses from older adults. Similar to reading times, outliers in participants' naming times (i.e., 

the latency between the onset of the probe word and the time the participant began saying the 

word) were accounted for by excluding naming times plus or minus three standard deviations 

from the mean of each age group. This method excluded 1.8% of the data for each age group. 

Probe naming times test the activation level of probe words represented in different levels of 

representation of the text, which provide a test of Hypothesis 2. 

A 2 (Age Group) x 2 (Sentence Type) x 3 (Probe Type) ANOVA was conducted on mean 

naming times to determine the availability of the probe words in memory after having just read a 

negative or non-negative sentence (Table 2-7 shows means and standard deviations). This 

analysis revealed a main effect of age group, F(1, 106) = 4.31, MSE = 97162.48, p < .04, where 

older adults had longer naming times (M = 789.10) overall than did young adults (M = 738.26). 

In addition, a main effect of probe type, F(1, 106) = 36.02, MSE = 2603.96, p < .01, showed that 

both verbatim (M = 740.39) and related probes (M = 770.07) had faster naming times than new 

probes (M = 780.57), ps < .01. Verbatim probes were also named more quickly than related 

probes, p < .04. Finally, there was a marginally significant main effect of sentence type, F(1, 

106) = 2.72, MSE = 2339.81, p < .10, where probes following negative sentences (M = 766.81) 

had slower naming times than probes presented after non-negative sentences (M = 760.54). No 

interactions among any of the variables were significant, ps > .19. 
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Comprehension Accuracy 

Comprehension accuracy was coded to indicate whether an answer was either correct or 

incorrect. Correct responses included answers that used either the verbatim words from the 

sentence or synonyms of the words in sentence, just as long as the answer captured the meaning 

or the gist of what happened in the sentence. Answers that were the opposite or different from 

what happened, off the topic from what happened, or indicated that the participant did not know 

the answer, were marked as incorrect. On rare occasions when there were uncertainties, 

additional coders were consulted, and a 2/3 majority ruled the answer as correct or incorrect. 

Tests of comprehension accuracy provide an analysis of the content measure, testing Hypothesis 

1 and examining the storage of the information read by young and older adults. 

To examine participants’ comprehension, a 2 (Age Group) x 2 (Sentence Type) ANOVA 

was conducted on mean accuracy in answering the comprehension questions, which focused on 

the portion of the sentence containing the target (Table 2-8 shows means and standard 

deviations). This analysis revealed a main effect of age group, F(1, 106) = 7.31, MSE = .023, p < 

.01, such that older adults had poorer accuracy overall (M = 68.0%) on the comprehension 

questions than did the young adults (M = 73.5%). In addition, a main effect of sentence type, 

F(1, 106) = 19.29, MSE = .007, p < .01, showed that participants' accuracy was poorer for 

negative sentences (M = 68.3%) than for non-negative sentences (M = 73.3%). The interaction of 

the two variables was not significant, p > .53. 

To determine the extent of the impact of working memory capacity and inhibition on 

comprehension accuracy in contributing to the main effect of age group shown above, two 

ANCOVA analyses were conducted with age group and sentence type as variables, as in the 

above ANOVA. The first of these analyses included Operation Span score as a covariate. No 

significant differences based on age group (Molder adjusted = 69.2%, Myoung adjusted = 72.1%), F(1, 
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104) = 1.90, MSE = .02, p > .17, nor an interaction of age group and sentence type, F < 1, were 

revealed, showing that the age difference in comprehension accuracy disappeared when working 

memory between the age groups was equated. The second ANCOVA analysis included Stroop 

Effect score (the measure of inhibition) as a covariate. Results for this analysis showed a 

marginal main effect of age group, F(1, 105) = 3.74, MSE = .02, p < .06, such that older adults 

still had lower comprehension accuracy (Madjusted = 68.6%) than young adults (Madjusted = 73.0%). 

Unlike the ANCOVA with working memory as a covariate, this analysis showed that age group 

differences remained in comprehension when the measure of inhibition was equated across age 

groups. The interaction of age group and sentence type was not significant, ps > .92. 

To determine whether the presentation of a probe word for naming (between reading and 

answering the comprehension question) could influence comprehension accuracy, a 2 (Age 

Group) x 2 (Sentence Type) x 3 (Probe Type) ANOVA was conducted on mean percent accuracy 

in answering the comprehension questions (Table 2-9 shows means and standard deviations). As 

probe type is the only new variable in this analysis, only effects involving probe type were 

presented. A main effect of probe type was revealed, F(2, 212) = 16.72, MSE = .015, p < .01, 

such that accuracy was lower for comprehension questions that came after new probes (M = 

66.8%) relative to verbatim probes (M = 73.5%) and related probes (M = 71.5%), ps < .01. 

Comprehension accuracy for questions that came after verbatim probes was marginally higher 

than for questions that came after related probes, p < .093. Finally, a Sentence Type x Probe 

Type interaction (Figure 2-2) was shown, F(2, 212) = 4.52, MSE = .015, p < .01. Further 

analyses on this interaction demonstrated that comprehension accuracy was poorer for negative 

sentences than for non-negative sentences when the questions came after verbatim probes, p < 

.01, or after related probes, p < .01, but there was no difference in comprehension of negative 
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and non-negative sentences following new probes, p > .34. Within sentence type, there was an 

effect of probe type for non-negative sentences, p < .01, such that accuracy after saying verbatim 

probes and related probes was similar, p > .17, but accuracy for these questions was significantly 

greater than accuracy for questions presented after new probes, ps < .01. For negative sentences, 

comprehension accuracy was similar following the three different probe types, p > .15. 

A series of regression analyses were conducted to further examine the influence of 

working memory on comprehension accuracy, and to determine if any other variables may also 

have an impact on comprehension. Stepwise regressions were conducted using either operation 

span, Stroop effect, or age as the first variable entered because of the theoretical implications of 

each of these variables on comprehension. The remaining variables entered were vocabulary 

score, years of education, and time spent reading each day. The model that predicted the most 

variance for negative and non-negative sentences entered operation span first; for both types of 

sentences, only operation span score accounted for a significant amount of variance (13.1% for 

negative sentences and 16.5% for non-negative sentences). After accounting for this variable, no 

other variables entered into the regression model. Results from the regression for negative 

sentences are presented in Table 2-9, and results from the regression for non-negative sentences 

are presented in Table 2-10. 

The Relationship between Reading Times, Naming Times, and Comprehension Accuracy 

Pearson correlations were conducted to determine the relationships between modifier 

reading times, target reading times, probe naming times, and comprehension accuracy, separately 

for non-negative and negative sentences. For young adults, a significant positive correlation was 

demonstrated for target word reading times and probe naming times for both negative sentences, 

r(54) = .27, p < .05, and non-negative sentences, r(54) = .36, p < .01. Young adults also 

demonstrated a marginally significant correlation for modifier reading times and probe naming 
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times, r(54) = .26, p < .06, in negative sentences. However, no significant correlations occurred 

with young adults’ comprehension accuracy, ps > .70. In contrast to young adults, older adults 

showed no significant correlations between any of the measures, ps > .17. 

Discussion 

The results of this experiment showed that negation detrimentally impacted reading 

comprehension via two of the three measures used (probe naming times, comprehension 

accuracy), consistent with previous work in negation comprehension (e.g., Cornish, 1971, 

Experiment 1; Cornish & Wason, 1970; Hoosain, 1973; Just & Carpenter, 1971; Kaup, 2001; 

Kaup et al., 2004; Kaup et al., 2005; Kaup & Zwaan, 2003; Kaup et al., in press; MacDonald & 

Just, 1989; Sherman, 1973). The presence of negation within sentences decreased comprehension 

accuracy and marginally increased naming times of a probe word, independent of whether that 

word had actually appeared in the preceding sentence. However, both young and older adults 

were adversely affected by negation to the same degree, and negation did not differentially affect 

one level of representation over another, for either age group.  

The first hypothesis, which predicted that older adults would have more difficulty 

processing negation than young adults, was not supported. There were several indicators that 

older adults did not have an increased difficulty with inhibition when processing negated 

sentences, as proposed by the IDH (e.g., Hasher & Zacks, 1988). First, the covariance analyses 

showed that controlling for inhibition (using the Stroop interference task) did not eliminate age 

differences in comprehension accuracy. Second, the regression analyses showed that inhibition 

did not significantly explain any of the variance in comprehending negative sentences. Third, 

although probe naming times were marginally slowed by negation, the negation effect did not 

interact with age group. Finally, overall reading times showed no interaction between age group 

and sentence type, and in fact, negation speeded rather than slowed overall reading times for 
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both groups relative to non-negative sentences. The lack of increased inhibition problems during 

reading for older adults occurred despite older adults having more difficulty with inhibition in 

general, as measured by the Stroop task, in support of the alternative to the first hypothesis. 

Therefore, it can be concluded that the older adults did not demonstrate a difficulty with 

inhibition in reading negation in this experiment and may not have a difficulty as it relates to 

negation processing, contrary to the IDH. 

Although negation did not differentially affect older adults in the majority of tasks 

administered here, several measures did reveal a differential impact on young and older adults' 

reading times. With respect to target reading times, young adults increased their reading speed of 

the target word when it was modified by a negative modifier relative to no modifier, whereas 

older adults' target reading times were equivalent in both types of sentences. Young adults may 

have been sensitive to the fact that negation is more difficult to process and therefore slowed 

their reading times after encountering a negation word. Young adults' target reading times also 

correlated with their probe naming times for both negative and non-negative sentences, whereas 

older adults did not show this relationship. These results suggest that target words that were 

easier to read were also easier to represent in the memory representation, allowing young adults 

faster access to the representation that they had stored. In contrast, older adults' reading times 

were less indicative of the ease with which they accessed the representation they created, 

possibly because they did not adapt their reading times when more difficult circumstances (i.e., 

negation) arose. Another age difference occurred when focusing on negative sentences only, 

where young adults and older adults read the modifier word more quickly than the target word, 

but the difference between the two words' reading times was greater for older adults. Similar to 

the way a person may read the words “the,” “it,” or “and,” a reader may also skim over the word 
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“not” based on its length, as these shorter words tend to be less meaningful than other words in 

the sentence. Older adults may be especially likely to read these words quickly because of their 

limited working memory capacity; they are aware of their limits and instead focus on words that 

they think are more meaningful and can help facilitate their comprehension, such as the target.  

There was also evidence of deficits in older adults’ reading comprehension independent of 

negation, consistent with other research on aging (e.g., Connelly et al., 1991; Kemtes & Kemper, 

1997; Stine, 1990; Stine-Morrow et al., 1996). Older adults spent more time than young adults 

reading both negative and non-negative sentences, suggesting that they require more processing 

time than do young adults (e.g., Salthouse, 1996). The results on comprehension accuracy also 

showed declines for older adults, who had poorer overall accuracy than young adults, despite 

spending more time reading the sentences. In fact, neither young nor older adults showed a 

correlation between reading times and comprehension accuracy. Content measures require 

retrieving information from memory after reading the sentences has been completed, which may 

put older adults at a disadvantage because of their smaller working memory capacities (e.g., 

Light, 1988; Waters & Caplan, 2001). Consistent with this view, operation span as a covariate 

removed the effect of age on comprehension accuracy. Furthermore, the regression analyses 

demonstrated that working memory accounted for the most variance in comprehension accuracy. 

These findings suggest that working memory, rather than age per se, was more critical for 

comprehension accuracy in the present experiment, although one would have expected it to be 

especially relevant in comprehending negative sentences, which did not occur. While working 

memory is a primary determinant of comprehension accuracy (e.g., Just & Carpenter, 1992), the 

regression analyses indicate that there is considerable variance unaccounted for, suggesting that 
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many other factors may be useful in understanding negation, such as attention, experience with 

negation, and the appropriateness of the negation used in the text. 

The second hypothesis predicted that older adults would show the most difficulty in 

representing negation at the situation model level of representation. However, given that older 

adults did not show more difficulty with negation than did young adults, the question becomes 

whether one level of representation (e.g., Kintsch, 1998) was affected more than another by 

negation for either age group. This hypothesis was not supported, as naming times for related 

probes (the ones representative of the situation model) were faster than new probes for both 

negative and non-negative sentences. If negation had increased the difficulty in representing the 

situation model, naming times would have been slowest for probes representing this level of 

processing. Therefore, negation had equivalent effects at surface and situation model levels of 

representation, for both age groups, which also contradicts the alternative hypothesis that older 

adults would be unaffected by negation at the situation model level. However, independent of 

negation, the probe naming time analysis revealed that readers did have differential access to the 

levels of representation, evidenced by longer naming times for new and related probes, compared 

to verbatim probes. This result suggests that for all sentences, both the gist and exact wording 

information were retained in memory representations, but the exact wording remained more 

highly activated. Two possibilities could explain why exact wording was more highly activated 

than the gist. The first is that the reader did not form the situation model representation (e.g., 

Kintsch, 1998) because there was not enough time to do so between reading and probe word 

naming. This possibility seems unlikely given that reading occurs at a fairly fast rate, and a 

reader is used to quickly consolidating information between consecutive sentences of a text. The 

second possibility is that the constraining of activation that occurs after reading may have 
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included only the exact wording from the text because these words were the most effective in 

communicating the ideas in the sentence. Given the richness and complexity of the text used in 

the present experiment's sentences, the exact wording may have been preferable in order to retain 

the meaning of the message, as opposed to simpler sentences used in previous research where a 

gist representation involving a character (e.g., Elizabeth) and the items he/she created (e.g., 

bread) would be sufficient. 

Unexpectedly, the presence of the probe words for naming also influenced comprehension 

accuracy. Readers’ accuracy was greater following verbatim and related probes than new probes 

for non-negative sentences, whereas comprehension accuracy was equivalent for negative 

sentences independent of the probe. For non-negative sentences, the probe word was more easily 

incorporated into the situation model of the text as additional information when it was relevant to 

the text (i.e., verbatim or related) than when it was not (e.g., new). However, correctly 

representing negative sentences meant excluding it from the situation model; therefore, none of 

the probes would be relevant to the text and should not be incorporated into the situation model. 

If the probe word was incorporated into the situation model of a negative sentence, then the 

representation of the sentence would now be incorrect. Thus, readers were sensitive to the 

presence of the probe word, potentially because of the time at which it was presented (i.e., 

between the sentence and the comprehension question) and let it influence the representation of 

the text that they created. 
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Table 2-1. Length and frequency averages for each type of probe word.     
Probe type  Average frequency   Average length    
Verbatim   204.39     6.53 
Related   154.43     6.90 
New    131.51     6.56     
 
 
Table 2-2. Means and standard deviations (st. dev.) of demographic measures.    
       Age group 
     Young     Older 
    Mean  St. dev   Mean  St. dev.  
Years of education*  13.07  1.27   16.78  2.67 

Health rating (out of 10)  7.74  1.51    7.90  1.50 

Vocabulary (out of 25)* 13.3  3.22   21.32  2.09 

Forward digit span***  7.56  1.41    7.06  1.28  

Backward digit span   4.98  1.51    5.32  1.19 

Hours spent writing*   2.57  1.53    1.20    .79 

Hours spent reading   3.11  1.89    2.81  1.38 

Hours watching TV*** 1.96  1.47   2.58  1.84 

Hours doing crosswords***   .23  .50     .49    .97 

Spelling training (out of 10) 6.42  1.72   7.08  2.68 

Spelling ability now   6.54  1.36   6.15  2.17 
(out of 10) 

Operation span*     .90    .08     .82    .12 

Congruent Stroop*  22.33  5.26   33.63   8.29 

Incongruent Stroop*  23.11  6.10   43.14  12.68   

Note: * indicates that the age differences were significant at the p < .01 level; ** indicates that 
the age differences were significant at the p < .05 level; *** indicates that the age differences 
were marginally significant at the p < .10 level. 
 
 
Table 2-3. Means and standard deviations for overall reading times (msec)     
Age group  Sentence type  Mean reading time  Std. deviation   
Young   Negative   457.75        106.53  
   Non-negative   459.31        103.16  
Older   Negative   600.42        143.82  
   Non-negative   605.61        142.58   
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Table 2-4. Means and standard deviations for target word reading times (msec)    
Age group  Sentence type  Mean reading time  Std. deviation   
Young   Negative   443.42        120.95 
   Non-negative   456.27        114.32 
Older   Negative   609.96        187.24 
   Non-negative   609.10        168.42   
 
 
Table 2-5. Means and standard deviations for post-target reading times (msec)    
Age group  Sentence type  Mean reading time  Std. deviation   
Young   Negative   456.64        100.17  
   Non-negative   456.57          91.21 
Older   Negative   602.23        139.56 
   Non-negative   606.14        142.63   
 
 
Table 2-6. Means and standard deviations for modifier and target word reading times for 
 negative sentences only (msec)        
Age group  Word type   Mean   Std. deviation   
Young   Modifier word   400.95        107.78 
   Target word   443.42        120.95 
Older   Modifier word   541.88        149.07 
   Target word   609.96        187.24   
 
 
Table 2-7. Means and standard deviations of probe word naming times (msec)    
Age group Sentence type  Probe type  Mean  Std. deviation   
Young  Negative  Verbatim  714.30       105.65  
     Related  746.09       111.98  
     New   761.83       106.54  
  Non-negative  Verbatim  709.24       110.77  
     Related  739.40       117.44  
     New   758.69       120.55  
Older  Negative  Verbatim  775.47       161.19  
     Related  798.65       159.83  
     New   804.52       152.50  
  Non-negative  Verbatim  762.56       146.63  
     Related  796.13       156.45 
     New   797.25       144.80   
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Table 2-8. Means and standard deviations for comprehension accuracy (%)    
Age Group  Sentence type   Mean  Std. deviation    
Young   Negative   70.68     12.20   
   Non-negative   76.40       9.52 
Older   Negative   65.87     15.24 
   Non-negative   70.14     10.95    
 
 
Table 2-9. Means and standard deviations for comprehension accuracy with both  
                 sentence type and probe type (%)         
Age group Sentence type  Probe type  Mean  Std. deviation   
Young  Negative  Verbatim  72.02       18.11 
     Related  69.24       17.71  
     New   68.32       13.51 
  Non-negative  Verbatim  81.58       13.64 
     Related  77.11       13.52 
     New   70.95       13.33 
Older  Negative  Verbatim  66.95       17.45 
     Related  66.39       18.60 
     New   63.80       19.17 
  Non-negative  Verbatim  73.56       17.13 
     Related  73.44       12.68  
     New   64.28       14.44   
 
 
Table 2-10. Results of regression analysis on negative sentence comprehension accuracy   
Variable     β       p      
Operation span   .34   < .01 
Stroop effect    .04      .68 
Age              .01      .93 
Vocabulary    .02      .81 
Years of education           − .14      .13 
Hours spent reading           − .06      .50      
 
 
Table 2-11. Results of regression analysis on non-negative sentence comprehension  
      accuracy            
Variable     β       p      
Operation span   .42   < .01 
Stroop effect            − .13      .18 
Age             − .16      .11 
Vocabulary            − .14      .14 
Years of education           − .11      .23 
Hours spent reading    .02      .80     
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Figure 2-1. Target word reading times as a function of age group and sentence type. 
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Figure 2-2. Comprehension accuracy for questions after each probe type as a function of  
               sentence type. 
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CHAPTER 3 
EXPERIMENT 2 

Experiment 1 demonstrated that negation detrimentally impacted reading at multiple points 

in the reading process, for both young and older adults, similar to other complex structures such 

as syntactic complexity (e.g., Kemper, 1987; Norman et al., 1992; Norman, Kemper, Kynette, 

Cheung, & Anagnopoulos, 1991; Stine-Morrow, Ryan, & Leonard, 2000; Waters & Caplan, 

1996). However, there is evidence that compensatory strategies, such as slowing reading times at 

specific points in the reading process, can increase recall by encouraging wrap-up and integration 

of the previously-read clause or portion of text (e.g., Stine, 1990; Noh, Shake, Joncich, Hindin, 

& Stine-Morrow, 2006; Stine-Morrow et al., 2000). For example, Noh et al. (2006) instructed 

older adult readers to slow down when they reached a comma in the text (indicating the end of a 

clause), and this change in their reading strategy led to improved recall of the text. Compensation 

can also occur spontaneously without instruction; Stine (1990) measured reading times and recall 

and found that older adult readers, who slowed their reading at clause boundaries instead of only 

sentence boundaries, had perfect recall. These studies suggest that compensatory strategies help 

to reduce the burden on working memory during reading; therefore, it seems likely that 

comprehension of negation may also benefit from a compensatory strategy. A compensatory 

strategy may make available some additional working memory resources for processing 

negation, resulting in appropriate activation and de-activation levels of negated and non-negated 

concepts from the text. 

One problem with the above compensatory strategies is that the reader must actively 

commit to using the strategy, which may or may not occur in real-life reading situations. The 

present experiment explored the possibility of compensation during reading that is offered within 

the texts themselves. For example, a compensatory strategy may be seen in the prescription 
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medication industry. Sometimes appearing on prescription labels are instructions that include 

negation (e.g., “Do not take this medication with aspirin”) accompanied by a symbol (e.g., a 

circle with a line through it). These symbols may serve the purpose of helping readers, 

particularly people with increased difficulties in comprehension, to understand the instructions 

that pertain to the medication they are taking. However, if the symbol is difficult to interpret or 

inapplicable to the instructions they are given, more working memory resources may be used, 

resulting in an increased difficulty in comprehension. Research involving the use of pictures in 

the interpretation of medication instructions has demonstrated that people preferred instructions 

given with pictures to demonstrate the instruction compared to text-only instructions (e.g., 

Sojourner & Wogalter, 1997). However, Dowse and Ehlers (2002) showed that pictures should 

accompany, but not replace, textual instruction, as misinterpretation of pictorial descriptions can 

occur. 

The purpose of Experiment 2 was to assess the effectiveness of a specific compensatory 

strategy, the use of a negation symbol, in comprehension of negation. Both age groups had 

greater difficulty understanding negation relative to non-negated sentences in Experiment 1, 

suggesting that there is a need to facilitate the processing of negation. 

Hypothesis 1 

Symbolic compensation will release working memory resources and assist in 

comprehension of negation. Given that working memory capacity is particularly vulnerable to 

the changes that accompany aging, compensation is expected to have a greater impact on how 

older adults process negation. Just and Carpenter (1992) more specifically defined the 

mechanism underlying compensation as activation of relevant ideas. They proposed that when 

sentences are read within a broader context (e.g., a whole paragraph focused on a particular 

topic), that context can serve as a framework of ideas surrounding the information presented in 
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the sentence, creating pre-activation of the ideas to come next. This pre-activation prepares the 

reader for the concepts that will be presented in the sentence, leaving more working memory 

resources available for processing and facilitating comprehension.  

In the present experiment, a symbol is used to provide a context or framework, prior to 

reading each sentence. If the symbol provides a context for negation, then the pre-activation 

provided by the symbol could release some working memory resources to assist young and older 

adults’ processing of the negated text. Therefore, compensation may assist in the process of 

reading and the representation created by the text. With respect to probe naming times, a symbol 

is expected to facilitate negation processing such that naming times for negatively-modified 

probe words will not differ from naming times of probes not modified, relative to sentences 

without a symbol. For comprehension accuracy, the presence of a symbol is expected to improve 

comprehension for negative sentences, resulting in no difference between negative and non-

negative sentences, contrary to sentences presented without a symbol. 

Hypothesis 2 

Benefits from the presence of a symbol are expected be more dramatic at the situation 

model level. Although Experiment 1 did not demonstrate differences among the levels of 

representation at which negation impacted reading comprehension in probe naming, the symbol 

in Experiment 2 provides additional information that can function as pre-existing knowledge 

about the text, creating the possibility for compensation to impact comprehension at higher levels 

(the situation model level) than others. According to research on older adults’ reading 

comprehension, text representations at the situation model level tend to be the most easily 

remembered for readers of this age group (e.g., Radvansky et al., 2001). Given that older adults 

process information at this high level, which also includes information inferred from or 

previously learned about the topic in the text (e.g., Kintsch, 1998), older adults may be more 
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experienced at incorporating outside information into the information that they are reading, thus 

creating a better situation model representation when a symbol is presented than when it is not. 

Specifically, the predicted lack of an effect of negation on probe naming times described in 

Hypothesis 1 is expected for verbatim as well as related probes. 

Methods 

Participants 

Sixty young (45 female and 15 male) and 60 older adults (33 female and 27 male) were 

tested. Young and older adult participants were recruited from similar sources as in Experiment 

1, although none had previously participated in Experiment 1. Young adults ranged in age from 

18 to 24 years (M = 19.32, SD = 1.33), while older adults ranged in age from 63 to 88 years (M = 

75.46, SD = 5.81). Participants of both age groups were fluent speakers of American English and 

had not read the books nor watched the movies from the Harry Potter series. 

Design 

The present experiment used a 2 x 2 x 3 x 2 factorial design with age group (young and 

older), sentence type (negative and non-negative), probe type (verbatim, related, and new), and 

symbol (symbol and no symbol) as factors. Sentence type, probe type, and symbol were within-

subjects factors, whereas age group was a between-subjects factor. As in Experiment 1, reading 

time served as an online measure of processing, naming time measured activation, and 

comprehension accuracy measured retention of the content of the text. 

Materials 

The same 132 sentences (both negative and non-negative, filler and experimental), probe 

words (verbatim, related, and new), and comprehension questions from Experiment 1 were used 

in Experiment 2, with one modification. Half of the experimental sentences were presented with 

a symbol, which differed as a function of modifier. For sentences with a negative modifier, the 
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symbol was a circle with a line through it, denoting absence. For sentences without a negative 

modifier, the symbol was an open circle. Unlike negative sentences, the symbol for non-negative 

sentences was neutral and was used so that symbols did not only appear for negative sentences. 

Both symbols were approximately 1.5 inches in diameter and were white with a thin, black 

outline. As in Experiment 1, the Operation Span test, Stroop test, and other demographic 

measures obtained were also administered. 

Procedure 

The procedure for Experiment 2 was identical to Experiment 1, except the reading task was 

modified to allow the symbol to be presented. Participants were instructed that they may see 

some symbols presented before the text, that the symbol may or may not seem important to them, 

but to make sure they looked at the symbol before beginning to read the sentence (Appendix C 

shows exact instructions). In the symbol condition, the symbol appeared directly to the left of the 

sentence, with dashes that represented the words of the sentence to the right. After looking at the 

symbol, participants pressed the “space bar” to read the first word of the sentence. Participants 

continued to read each sentence at a self-paced rate by pressing the “space bar.” The symbol 

remained on the screen for the entire duration of reading the sentence and disappeared with the 

dashes and the last word when the participant finished reading the sentence.  

 As in Experiment 1, after reading each sentence, participants were presented with a probe 

word for naming after a delay of 500 msec. The probe word was verbatim from the passage, 

related to the passage, or not presented at all. After naming the probe word, participants pressed 

the “enter” key, and a comprehension question was presented. Participants answered each 

question aloud and pressed the “enter” key to move on to the next sentence. 
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Results 

Demographics, Operation Span, and Stroop Test 

One older participant's data was excluded because of improper data recording. Independent 

samples t-tests on the demographics measures (Table 3-1 shows means and standard deviations) 

revealed that older adults reported more years of education, t(116) = 7.13, p < .01, had higher 

vocabulary test scores, t(117) = 13.48, p < .01, spent more time doing crossword puzzles, t(117) 

= 2.14, p < .04, and had more rigorous spelling training, t(117) = 2.82, p < .01, than young 

adults. Young adults reported spending more time writing each day than did older adults, t(117) 

= 4.27, p < .01. Young and older adults did not differ on their reports of time spent reading, p > 

.36, time spent watching television, p > .61, ratings of their spelling ability, p > .97, or ratings of 

health, p > .41. Young and older adults also did not differ on either forward digit span, p > .47, 

or backward digit span, p > .23. 

For the Operation Span test, young adults recalled a higher proportion of words than did 

older adults, t(117) = 2.85, p < .01, demonstrating young adults’ larger working memory 

capacities. For the Stroop task, an Age Group x Trial Type (congruent or incongruent) ANOVA 

was conducted on the mean response time to complete each block of trials. A main effect of age 

group, F(1, 117) = 182.14, MSE = 132.27, p < .01, and a main effect of trial type, F(1, 117) = 

14.22, MSE = 53.54, p < .01, were revealed. These main effects were moderated by an Age 

Group x Trial Type interaction was revealed, F(1, 117) = 27.15, MSE = 53.54, p < .01, where 

older adults showed a Stroop effect with slower times for incongruent than congruent trials, p < 

.01, but young adults had equivalent response times for the two blocks, p > .31. 

Reading Times 

For all participants' reading times, reading times exceeding plus or minus three standard 

deviations from the mean of each age group were excluded, so as not to include instances where 
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participants skipped over words, stopped during reading for a break, or paused to ask a question. 

This method removed 1.5% of young adults’ reading time data and 1.5% of older adults’ reading 

time data. Reading time analyses were conducted to test part of Hypothesis 1, where the impact 

of a symbol could be more important in how older adults process text during reading, compared 

to young adults. 

Overall reading times 

To examine the average speed of reading the sentences, a 2 (Age Group) x 2 (Sentence 

Type) x 2 (Symbol) ANOVA was conducted on the reading times averaged over all types of 

words in the sentences (Table 3-2 shows means and standard deviations). This analysis revealed 

a main effect of age group, F(1, 117) = 31.23, MSE = 88807.42, p < .01, where older adults (M = 

589.70) read more slowly overall than young adults (M = 437.04). In addition, a marginal main 

effect of sentence type, F(1, 117) = 3.40, MSE = 357.26, p < .08, was revealed such that readers 

read negative sentences (M = 511.86) more quickly than non-negative sentences (M = 514.88). 

No other main effects or interactions were significant, ps > .19. 

Target word reading times 

To further break down where readers spent more time and less time during reading, 

reading times of different types of words were analyzed. A 2 (Age Group) x 2 (Sentence Type) x 

2 (Symbol) ANOVA was conducted on target word reading times (Table 3-3 shows means and 

standard deviations). Results from this analysis showed a main effect of age group, F(1, 117) = 

31.77, MSE = 124218.38, p < .01. In addition, a marginal interaction of sentence type and age 

group was revealed, F(1, 117) = 2.73, MSE = 2261.77, p < .10, such that older adults read target 

words slower than young adults for both types of sentences, but the age difference was larger for 

negative sentences, ps < .01. The interaction did not emerge when examined within each age 

group, as targets in negative sentences were read equivalently to targets in non-negative 
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sentences for both young adults, p > .28, and older adults, p > .21. No other main effects, p > .60, 

or interactions, p > .46, were revealed. 

Post-target word reading times 

Next, a 2 (Age Group) x 2 (Sentence Type) x 2 (Symbol) ANOVA was conducted on post-

target reading times (Table 3-4 shows means and standard deviations), the word that came 

immediately after the target word. A main effect of age group was revealed, F(1, 117) = 23.77, 

MSE = 129994.86, p < .01, such that older adults read post-target words slower than young 

adults. In addition, sentence type and symbol showed a significant interaction (Figure 3-1), F(1, 

117) = 3.80, MSE = 4837.91, p < .05, where readers took longer to read post-target words in 

negative sentences in the presence of a symbol than without a symbol, p < .04, but when reading 

non-negative sentences, post-target reading times were equivalent whether a symbol was present 

or not, p > .74. No other effects were significant, ps > .19. 

Modifier versus target reading times for negative sentences only 

To examine how much processing time readers used for modifier words compared to target 

words, a 2 (Age Group) x 2 (Word Type) x 2 (Symbol) ANOVA was conducted on negative 

sentences only (Table 3-5 shows means and standard deviations). This analysis revealed a main 

effect of age group, F(1, 117) = 35.15, MSE = 103718.99, p < .01, where older adults (M = 

581.23) read more slowly than young adults (M = 406.20), and a main effect of word type, F(1, 

117) = 122.47, MSE = 3127.90, p < .01, such that target words (M = 522.08) were read more 

slowly than modifier words (M = 465.34). These main effects were moderated by an Age Group 

x Word Type interaction, F(1, 117) = 7.77, MSE = 3127.90, p < .01. Follow-up tests on this 

interaction revealed that both young and older adults read the target words more slowly than 

modifier words, but the difference was larger for older adults, ps < .01. No other effects were 

significant, ps > .52. 
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Probe Naming Times 

Recordings from probe naming where a participant coughed, cleared their throat, laughed, 

made a comment, or pressed the “enter” key before they said the probe word were discarded. 

This process removed 29.5% of potential responses from young adults, but only 11.4% of older 

adults’ potential responses. Similar to reading time data, participants’ naming times outside of 

three standard deviations above the mean for each age group were discarded, which eliminated 

2.0% of young adults’ naming time data and 1.6% of older adults’ naming time data. Probe word 

naming time analyses were conducted to examine the impact of symbol on different levels of text 

representation, as predicted in Hypothesis 2. 

A 2 (Age Group) x 2 (Sentence Type) x 3 (Probe Type) x 2 (Symbol) ANOVA was 

conducted on mean naming times (Table 3-6 shows means and standard deviations). This 

analysis revealed a main effect of age group, F(1, 117) = 4.69, MSE = 246601.37, p < .03, a main 

effect of sentence type, F(1, 117) = 6.61, MSE = 5213.40, p < .01, and a main effect of probe 

type, F(1, 117) = 41.46, MSE = 7823.85, p < .01. Young adults (M = 777.64) named probes more 

quickly than older adults (M = 835.07), and probes following negative sentences (M = 811.31) 

were named more slowly than probes following non-negative sentences (M = 801.40). New 

probes (M = 830.90) were named more slowly than related probes (M = 809.61), which were 

named more slowly than verbatim probes (M = 778.55), with all differences significant, p < .01. 

The main effect of symbol was not significant, p > .22, and no interactions among any of the 

variables were significant, p > .12. 

Comprehension Accuracy 

To examine comprehension accuracy, a 2 (Age Group) x 2 (Sentence Type) x 2 (Symbol) 

ANOVA was conducted (Table 3-7 shows means and standard deviations). This analysis 

revealed only a main effect of sentence type, F(1, 117) = 35.83, MSE = .01, p < .01, where 
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comprehension accuracy for negative sentences (M = 68.8%) was poorer than for non-negative 

sentences (M = 74.4%). No main effect of age group, p > .31, or symbol, p > .53, was revealed, 

and no interactions were significant, p > .75. Comprehension accuracy analyses tested the 

content of the memory representation, and tested Hypothesis 1, where assistance of a symbol is 

predicted to help the storage of information. 

Given that the probe words were presented between reading and presentation of the 

comprehension question, a 2 (Age Group) x 2 (Sentence Type) x 3 (Probe Type) x 2 (Symbol) 

ANOVA was conducted on mean comprehension accuracy to examine the impact of probe 

words on comprehension of the information read in the sentence (Table 3-8 shows means and 

standard deviations). As probe type was the only new variable in this analysis, only effects 

involving probe type are reported. A main effect of probe type was demonstrated, F(1, 115) = 

17.06, MSE = .03, p < .01. However, this main effect was moderated by its interaction with 

sentence type, F(2, 230) = 2.46, MSE = .03, p < .03. Follow-up analyses on this interaction 

revealed that for non-negative sentences, accuracy was greater following verbatim probes than 

related probes, which was greater than new probes, with all differences significant, ps < .01. For 

negative sentences, the only significant effect was that accuracy following verbatim probes was 

better than accuracy following new probes, p < .05; accuracy following related probes was not 

different from either verbatim probes, p > .58, or new probes, p > .11. The main effect of age 

group was not significant, p > 59, nor was the main effect of symbol, p > .25, or other 

interactions, p > .31. 

To determine whether readers were better able to use the symbol and integrate it with their 

memory representation of the text, data were split into thirds, and a 2 (Age Group) x 2 (Sentence 

Type) x 2 (Symbol) x 3 (Group Order) ANOVA was conducted on comprehension accuracy. It is 
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important to note that because fillers were randomly distributed throughout the stimuli 

presentation, these groups have different numbers of experimental stimuli. With respect to 

differences in group order, a main effect was revealed, F (2, 234) = 4.35, MSE = .04, p < .01, 

such that comprehension accuracy was greater for the last third of the comprehension questions 

compared to the first third of comprehension questions, p < .01, and comprehension accuracy 

was marginally greater for the middle section of comprehension questions than the first third of 

comprehension questions, p < .07. However, there was no difference between the second and 

third sections of questions, p > .32. This effect of group order did not significantly interact with 

age group, p > .10, symbol, p > .97, or sentence type, p > .34. 

A series of stepwise regression analyses were conducted to examine the influence of 

operation span, Stroop effect, age, vocabulary score, years of education, and time spent reading 

each day on comprehension accuracy of each type of sentence: (1) negative with a symbol, (2) 

negative without a symbol, (3) non-negative with a symbol, and (4) non-negative without a 

symbol. Variables entered in this order present the best fit model, although operation span, 

Stroop effect, and age were each entered first in every combination with the remaining variables, 

similar to Experiment 1. Results are presented in Table 3-9, Table 3-10, Table 3-11, and Table 3-

12. Results showed that for negative sentences presented with a symbol, a model containing 

operation span, vocabulary score, and age accounted for 20.2% of the variance in comprehension 

accuracy, with operation span accounting for 10.2% of the variance, vocabulary accounting for 

an additional 4.2%, and then age accounting for an additional 5.8%. For negative sentences 

without a symbol, non-negative sentences with a symbol, and non-negative sentences without a 

symbol, only operation span accounted for a significant amount of variance: 8.7%, 2.6%, and 

6.8%, respectively. 
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Discussion 

The present experiment attempted to offset the difficulties in comprehension caused by 

negation by exploring the impact of presentation of a symbol as a compensatory strategy. The 

results showed that the presence of a symbol did not increase comprehension for negated 

sentences specifically, for either age group. Effects of negation were minimal for reading times 

but emerged for probe naming times and comprehension accuracy. Within comprehension 

accuracy, readers did improve significantly over the course of the experimental session. 

However, relative to Experiment 1, some changes in negation processing did occur, specifically 

readers’ post-target reading times in negative sentences were slowed by the presence of a 

symbol, and young adults' target reading times did not slightly decrease in negative sentences 

compared to non-negative sentences. Furthermore, older adults' comprehension accuracy 

increased (i.e., was not poorer than young adults' comprehension accuracy) in this experiment, 

suggesting that having a symbol present for some sentences may have been beneficial to reading 

by generally increasing attention during reading. 

Although the first hypothesis, that symbolic compensation will release working memory 

resources and assist in comprehension of negation, was not supported, there was evidence to 

suggest that the presentation of the symbol may have had some effects on the reading process. 

First, for sentences with a negative modifier, reading times of the post-target word were slowed 

by presentation of a symbol relative to sentences without a symbol, an effect that did not occur 

for non-negative sentences. This result suggests that the readers may have been sensitive to the 

fact that spending more time processing the meaning of the negation symbol with the 

information presented in the text might help them integrate that information. It is worth noting 

that the location of this additional reading time was specific to the post-target word; no effects of 

symbol were seen on target reading times. These results indicate that readers waited until after 
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the negated phrase to incorporate the meaning of the symbol into what they had read, resulting in 

longer reading times immediately after the target word, where they were able to pause for wrap-

up and integration (e.g., Stine, 1990; Stine-Morrow, 1996). Another piece of evidence supporting 

an influence of the symbol is the young adults' equivalence in reading times for negated and non-

negated targets, unlike Experiment 1 where young adults were slightly faster on negated targets. 

The symbol may have made young adults more aware of the nature of the sentences and realize 

that they needed to slow down to process the negation more thoroughly. 

This additional effort during reading may have been especially beneficial for older adults’ 

comprehension accuracy, as they had equivalent accuracy to young adults, unlike in Experiment 

1 where older adults' comprehension was poorer than young adults. While slower reading times 

did not directly lead to better comprehension accuracy, e.g., older adults always had slower 

reading times than young adults in Experiment 1 and still had poorer accuracy, the symbol 

presented in the present experiment may have served as an “attention-grabbing” mechanism for 

older adults, where the symbol signified that the sentences that they were reading were important 

and required more attention. However, despite altered reading times in negative sentences with a 

symbol, young adults did not demonstrate an increase in their comprehension accuracy. One 

possibility is that young adults may be less experienced with the use of negation symbols, unlike 

older adults who take more prescription medications and therefore see the negation symbol 

presented in conjunction with text more often. As a result, young adults may be less experienced 

at incorporating additional information into their situation model representation of the text. 

Another possibility is that older adults spent more time processing the symbol and the 

sentences in general, given that all of their reading times were slower than young adults. This 

additional processing time in conjunction with older adults' experience at incorporating 
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additional information into a situation model may have increased their comprehension relative to 

Experiment 1. A final possibility is that the increased attention may have released some working 

memory resources, allowing more resources to be allocated toward reading than other mental 

processes. For example, some participants commented that they were trying to predict what they 

would be asked as they read the sentences. This allocation of resources toward comprehension 

may have helped readers to focus more clearly on creating a memory representation of the whole 

text, as opposed to focusing resources on a portion of the text that may not have had anything to 

do with the subsequent comprehension question. For young adults, this assistance was not 

important for releasing additional working memory resources because they were not as limited as 

older adults. This explanation is consistent with theories on working memory (e.g., Just & 

Carpenter, 1992), which suggest that when enough working memory resources are available to 

process a particular piece of text, that information will be understood better than when not 

enough resources are available for processing. The possibility remains that a release of working 

memory resources may come not only from context, which Just and Carpenter (1992) suggest, 

but also from increased awareness of the situation. 

The potential impact of the symbol as an “attention-grabbing” mechanism highlights the 

importance of working memory in these experiments, which is supported by the regression 

analyses. Working memory was the most significant predictor of reading comprehension 

performance in both experiments, although some interesting differences emerged between the 

two experiments. For Experiment 1, working memory was the only variable that was a 

significant predictor of comprehension for both negative and non-negative sentences. In the 

present experiment, vocabulary and age also explained variance in reading comprehension but 

only for negative sentences presented with a symbol. Individuals with larger vocabularies are 
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more experienced with language and may better be able to incorporate the meaning of a symbol 

with the meaning of a sentence. Similarly, age also reflects experience, as older adults are more 

experienced in seeing symbols combined with text in other contexts, e.g., prescription 

medication labels. However, for the sentences without a symbol, only operation span 

significantly accounted for variance in comprehension accuracy, and more variance was 

accounted for by operation span in Experiment 1 than in Experiment 2. The reason for this result 

may be linked to the idea that presence of a symbol increased attention overall, releasing 

working memory resources and making working memory less important for comprehension of 

these sentences. Interestingly, the variance accounted for by operation span was especially low 

for non-negative symbol sentences in Experiment 2, where the symbol really has no meaning to 

assist in comprehension. This result suggests that these sentences are easy to read, requiring no 

incorporation of the symbol’s meaning as well as no negation. Therefore, working memory 

would not be taxed when reading these sentences, and the capacity of these resources would not 

constrain comprehension. 

Another difference that emerged between Experiment 1 and Experiment 2 was the 

influence of the probe word on comprehension accuracy. While the probe words had no effect on 

comprehension accuracy for negative sentences in Experiment 1, the verbatim probe words 

increased comprehension relative to the new probes for negative sentences in Experiment 2. This 

difference in results suggests that while readers paid more attention to reading the sentences in 

Experiment 2, they may also have been able to use the increased attention to prevent 

incorporating information that was unnecessary for the situation model representation. In 

addition, the verbatim word may have cued the reader to remember the wording used in the 

sentence, which combined with increased attention could increase comprehension accuracy. New 
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and related probes did not have this effect because they were not present in the text and would 

less specifically refer back to a portion of the text that the reader would need to answer the 

question. 

The second hypothesis, that benefits from a symbol would be more dramatic at the 

situation model level, was also not supported. By examining probe word naming times, it was 

evident that the presence of a symbol did not specifically affect any level of representation, as it 

did not influence naming times at all. The meaning of the symbol was presented to provide a 

context and some pre-existing knowledge about the text and therefore should have been 

incorporated as such in the situation model representation of the text (Kintsch,1998), but it was 

not, evidenced by the lack of interaction between symbol and probe word type on probe naming 

times. This result suggests that readers were unable to understand the meaning/use of the symbol 

in relation to the text and therefore could not successfully incorporate the meaning of the symbol 

with the meaning of the text. Informal support for this idea comes from comments made by 

several participants that they were unsure of what to do with the symbol. Another possibility is 

that the symbol did not provide enough information to create a context for the sentence it 

described, so that it could not assist in creating an appropriate memory representation of the text. 

In terms of levels of representation, this possibility means that the symbol would not be included 

in the situation model representation of the text, as it did not serve as a form of pre-existing 

knowledge related to the text (e.g., Kintsch, 1998). 

More generally, the results of Experiment 1 and Experiment 2 displayed remarkable 

consistency. The stability of the findings suggests that the effects of negation on comprehension 

are real (e.g., Cornish, 1971, Experiment 1; Cornish & Wason, 1970; Hoosain, 1973; Just & 

Carpenter, 1971; Kaup, 2001; Kaup et al., 2004; Kaup et al., 2005; Kaup & Zwaan, 2003; Kaup 
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et al., in press; MacDonald & Just, 1989; Sherman, 1973) and extend to more real-world types of 

texts. Negation slowed probe naming times and decreased comprehension accuracy, suggesting 

that negation is a complex structure that causes readers difficulty in processing and remembering 

negated concepts. This experiment showed that a negation symbol helped both young and older 

adult readers to better process all sentences, not just negated ones. Perhaps other compensatory 

strategies can help readers to specifically process negation more effectively. 



 

65 

 
Table 3-1. Means and standard deviations (st. dev.) of demographic measures.    
       Age group 
     Young     Older 
    Mean  St. dev   Mean  St. dev.  
Years of education**  13.36  1.39   16.83  3.46 

Health rating (out of 10)   8.22  1.39     7.98  1.70 

Vocabulary (out of 25)** 13.32  3.33   20.98  2.86 

Forward digit span    7.22  1.19     7.05  1.31  

Backward digit span    4.87  1.16     5.15  1.41 

Hours spent writing**    2.78  1.88     1.55  1.18 

Hours spent reading    3.28  1.92     2.97  1.72 

Hours watching TV    2.30  1.72     2.15  1.43 

Hours doing crosswords*     .28    .76       .62    .94 

Spelling training (out of 10)**  6.17  2.08     7.31  2.32 

Spelling ability now     6.33  1.53     6.32  1.94 
(out of 10) 

Operation span**      .90    .09       .85    .10   

Congruent Stroop**  22.04  5.74   37.22           14.12 

Incongruent Stroop**  20.68  3.39   45.74            11.41   
Note: * indicates that the age differences were significant at the p < .05 level; ** indicates that 
the age differences were significant at the p < .01 level 
 
 
Table 3-2. Means and standard deviations for overall reading times (msec)     
Age group  Sentence type  Symbol Mean  Standard deviation  
Young   Negative  Symbol 434.76   101.24 
      No symbol 434.01   100.76 
   Non-negative  Symbol 439.96   111.83 
      No symbol 439.42   106.65 
Older   Negative  Symbol 589.42   183.18 
      No symbol 589.25   191.28 
   Non-negative  Symbol 591.32   180.37 
      No symbol 588.82   182.49   
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Table 3-3. Means and standard deviations for target word reading times (msec)    
Age group  Sentence type  Symbol Mean  Standard deviation  
Young   Negative  Symbol 429.60   120.05 
      No symbol 425.24   113.01 
   Non-negative  Symbol 437.40   128.57 
      No symbol 430.73   119.82 
Older   Negative  Symbol 613.56   220.08 
      No symbol 619.93   246.10 
   Non-negative  Symbol 611.44   223.05 
      No symbol 606.52   217.89   
 
 
Table 3-4. Means and standard deviations for post-target word reading times (msec)   
Age group  Sentence type  Symbol Mean  Standard Deviation  
Young   Negative  Symbol 470.10   181.15 
      No symbol 451.84   122.17 
   Non-negative  Symbol 466.13   143.89 
      No symbol 482.30   161.03 
Older   Negative  Symbol 641.07   241.00 
      No symbol 615.32   204.95 
   Non-negative  Symbol 634.52   228.87 
      No symbol 624.04   216.83   
 
 
Table 3-5. Means and standard deviations for modifier and target word reading times for  
      negative sentences only (msec)        
Age group  Word type  Symbol Mean  Standard deviation  
Young   Modifier  Symbol 386.35   101.85 
      No symbol 383.60     98.32 
   Target   Symbol 429.60   120.05 
      No symbol 425.24   113.01 
Older   Modifier  Symbol 545.86   176.20 
      No symbol 545.56   193.48 
   Target   Symbol 613.56   220.08 
      No symbol 619.93   246.10   
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Table 3-6. Means and standard deviations of probe word naming times (msec)    
Age group Sentence type  Probe type Symbol Mean  Std. deviation  
Young  Negative  Verbatim Symbol 759.86  109.85 
       No symbol 757.62  128.55 
     Related Symbol 793.65  160.64 
       No symbol 778.96  113.06 
     New  Symbol 808.83  130.03 
       No symbol 801.54  134.94 
  Non-negative  Verbatim Symbol 737.37  111.60 
       No symbol 739.05  103.54 
     Related Symbol 785.55  119.49 
       No symbol 770.13  119.51 
     New  Symbol 788.28  124.67 
       No symbol 810.71  139.90 
Older  Negative  Verbatim Symbol 817.62  182.71 
       No symbol 815.01  182.20 
     Related Symbol 844.19  195.82 
       No symbol 831.07  178.14 
     New  Symbol 854.78  201.88 
       No symbol 872.56  222.61 
  Non-negative  Verbatim Symbol 737.47  111.60 
       No symbol 802.21  174.52 
     Related Symbol 845.49  189.63 
       No symbol 827.86  170.98 
     New  Symbol 869.75  223.51 
       No symbol 840.74  197.78   
 
 
Table 3-7. Means and standard deviations for comprehension accuracy (%)    
Age group  Sentence type  Symbol Mean  Standard deviation  
Young   Negative  Symbol 69.38   16.45 
      No symbol 70.32   15.10 
   Non-negative  Symbol 75.60   11.70 
      No symbol 75.68   13.51 
Older   Negative  Symbol 67.46   16.57 
      No symbol 68.02   15.80 
   Non-negative  Symbol 73.05   13.39 
      No symbol 73.34   12.90   
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Table 3-8. Means and standard deviations for comprehension accuracy by probe type (%)   
Age group Sentence type  Probe type Symbol Mean  Std. deviation  
Young  Negative  Verbatim Symbol 71.27  21.16 
       No symbol 69.16  20.48 
     Related Symbol 66.25  21.32 
       No symbol 70.45  24.61 
     New  Symbol 66.74  26.01 
       No symbol 67.55  20.04 
  Non-negative  Verbatim Symbol 80.31  16.70 
       No symbol 80.89  25.47 
     Related Symbol 75.36  18.98 
       No symbol 76.11  21.89 
     New  Symbol 67.70  22.14 
       No symbol 72.41  20.44 
Older  Negative  Verbatim Symbol 69.77  21.95 
       No symbol 69.51  22.55 
     Related Symbol 69.01  22.89 
       No symbol 70.16  25.73 
     New  Symbol 65.17  23.90 
       No symbol 65.33  21.67 
  Non-negative  Verbatim Symbol 75.15  18.77 
       No symbol 80.31  16.78 
     Related Symbol 75.19  14.47 
       No symbol 73.48  16.34 
     New  Symbol 68.89  19.76 
       No symbol 67.56  24.19   
 
 
Table 3-9. Results of regression analysis on negative sentence presented with symbol     
 comprehension accuracy          
Variable     β       p      
Operation span   .20             < .03 
Vocabulary    .58             < .01 
Age              - .49             < .01 
Stroop effect             - .07     .47 
Years of education            - .17     .12 
Hours spent reading                          - .03     .69      
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Table 3-10. Results of regression analysis on negative sentence presented without a symbol     
  comprehension accuracy          
Variable     β       p      
Operation span   .31   < .01 
Stroop effect             - .02      .81 
Age              - .02      .82 
Vocabulary    .14      .11 
Years of education   .01      .96 
Hours spent reading            - .11      .21      
 
 
Table 3-11. Results of regression analysis on non-negative sentence presented with symbol     
  comprehension accuracy          
Variable     β       p      
Operation span   .18    <.05 
Stroop effect             - .06      .51 
Age              - .04      .66 
Vocabulary    .05      .58 
Years of education            - .04      .67 
Hours spent reading            - .06      .53      
 
 
Table 3-12. Results of regression analysis on non-negative sentence presented without symbol     
  comprehension accuracy          
Variable     β       p      
Operation span   .28             <  .01 
Stroop effect             - .05      .58 
Age              - .03      .75 
Vocabulary    .14      .13 
Years of education            - .07      .43 
Hours spent reading            - .05      .61      
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Sentence Type x Symbol Interaction for Post-Target Reading 
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Figure 3-1. Post-target reading times by sentence type and presence of symbol. 

 



 

71 

CHAPTER 4 
GENERAL DISCUSSION 

The present research has offered insight into reading under circumstances that increased 

the difficulty of processing, comprehending, and retrieving information. Specifically, the present 

research investigated how young and older adults were influenced by negation (e.g., “no,” “not,” 

or “never”) while reading real-world types of texts, and how individual differences, i.e., working 

memory differences, contributed to age-related changes in reading. This research also explored 

the effects of a compensatory strategy on comprehension of negated text. Several general 

conclusions can be drawn and are discussed below. 

Consistent with previous research on negation, naming and comprehension following 

reading were affected by the presence of negation in text. Similar findings occurred in both 

experiments, suggesting that these effects of negation on reading are stable. The present research 

extended these findings to online measures of reading, although negation speeded target reading 

times, especially in young adult readers. Except for this age difference in reading times, negation 

similarly influenced young and older adults' comprehension across multiple measures when 

reading text, contrary to the predictions of IDH (e.g., Hasher & Zacks, 1988). MacDonald and 

Just (1989) suggested that when a person reads a negative sentence, the negated concept must be 

inhibited because it is no longer appropriate to the situation described by the text. The IDH 

predicted that older adults would have more difficulty discarding inappropriate information that 

has been gated into working memory, which in this case would be the concept that was negated. 

Although older adults named the probes more slowly than young adults and had poorer 

comprehension accuracy overall, the presence of negation did not exacerbate these age 

differences. Thus, inhibition of negative concepts was not especially problematic for older 

adults, which has several implications.  
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First, negation may not always be processed in terms of inhibition; instead, negation can be 

processed in other ways, such as by transforming the negated concept into its alternate meaning 

(e.g., Gough, 1965; Mehler, 1963). Transformations would require more working memory 

resources to process negation because the reader needs to hold the affirmative version of the 

sentence in memory and then manipulate it to its opposite based on the negative modifier. 

Support for this idea comes from the importance of working memory in the present experiments, 

as shown by the regression analyses. Second, given that older adults demonstrated more 

difficulty with inhibition than young adults as evidenced by the Stroop test, but did not 

demonstrate a difficulty with inhibition during reading negation, it appears that the IDH may not 

account for older adults' comprehension of negation. The present research therefore demonstrates 

another circumstance under which older adults do not show an exacerbated difficulty with 

inhibition (e.g., Burke & Harrold, 1988; James et al., 1998). 

The lack of inhibition observed in the present experiments may also be related to the 

stimuli. MacDonald and Just (1989) suggested that inhibition was important for understanding 

negation, as a reader would have to de-activate the negated concept in order to have a correct 

representation of the sentence. However, the negated sentences in their experiments always took 

the same form, e.g., “Elizabeth baked some bread but no cookies.” In these sentences, the 

presence of “cookies” is denied, so it needs to be removed from the memory representation of 

the text in order to accurately represent what was present. In the present experiments, negation 

was presented in different ways, e.g., “He could not part with his school or the people in it.” In 

sentences like this one, the meaning of the negation is not to deny the presence of an item but 

instead is to change the meaning of the word it modifies. These differences in how negation was 
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used in the experimental sentences could have contributed to the lack of inhibition observed in 

the present research. 

The present research also demonstrated that negation did not have a greater influence at the 

situation model level, compared with the surface level of representation, even though negation 

did affect memory for the text overall. In addition, there were no specific circumstances (e.g., the 

situation model level) where older adults were able to offset the difficulty produced by negation 

based on their extensive experience with processing information as a gist representation. An 

examination of the probe naming times demonstrated that all probes were equivalently slowed 

following a negative sentence relative to a non-negative sentence, suggesting that the different 

levels of representation were not differentially affected by the presence of negation. This result is 

contrary to Kaup (2001), who demonstrated that negation affected the situation model level of 

representation but not the surface level. Perhaps the effects of negation on different levels of 

representation are task-dependent; Kaup (2001) used recognition as an activation measure, 

whereas the present research used probe naming. As a task involving explicit memory, 

recognition may more directly tap into the memory representations that are affected by the 

negative concept, whereas probe naming, an implicit task, may be less sensitive. 

With respect to compensatory strategies, the presence of a symbol did not help a reader to 

form a correct representation of the negated text, at any level, contrary to predictions derived 

from the CI Model (Kintsch, 1998). Kintsch (1998) proposed that a reader will initially activate 

all of the information presented, including the text and any related information, and then 

activation is constrained to include only the information necessary to the meaning of the text, 

rather than the exact wording, creating the situation model representation. The information 

included in the representation includes pre-existing knowledge about the topic the reader is 
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reading, which in the present research would have included the symbol presented before and 

during reading. According to Just and Carpenter (1992), providing a context can release working 

memory resources for comprehension. Combining these two theories, this contextual information 

may guide the activation of the information presented during reading, resulting in a well-

understood and well-represented situation model. However, the symbol in the present experiment 

did not assist in providing a context for readers, nor did it appear to be integrated with the 

information presented in the text. These findings suggest that (a) either the symbol did not 

provide enough information to serve as compensation in the form of a context, or (b) readers 

were unable to use the symbol effectively in that capacity. The first possibility would suggest 

that readers were unaware of the meaning of the symbol, but this option seems unlikely, given 

that the circle with the line through it is the universal symbol for “do not.” The second possibility 

implies that readers were unable to integrate the meaning of the symbol with the meaning of the 

negated phrase in the sentence. This suggestion seems more plausible because the readers were 

not explicitly instructed about what to do with the symbol; therefore, they either may not have 

seen the connection between the meaning of the text and the meaning of the symbol or did not 

know that they were supposed to connect the two. 

Although a symbol did not have specific effects on the processing of negated text, there 

was some evidence that the presence of a symbol may have increased older adults’ attention to 

the reading task, as shown in post-target reading times. Furthermore, the age differences in 

comprehension accuracy that appeared in Experiment 1 disappeared in Experiment 2, even when 

no symbol was present. Research on pictorial descriptors given with medication instructions 

indicate that people prefer when a picture is presented than when it is not, because the picture 

reinforces the information presented in the text (e.g., Sojourner & Wogalter, 1997). A preference 
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for instructions including a depiction of the instruction may encourage readers to pay more 

attention to those instructions, which may seem more important because of the added symbol. 

This same logic can be applied to the present research such that readers may have generally 

increased their attention to the sentences because a symbol was present. However, this resulted in 

increasing overall accuracy because once readers recognized that the sentences may be 

important, they continued to pay closer attention to all of the sentences, even when no symbol 

was present. This increased attention was especially relevant for older adult readers, who are 

more experienced with the negation symbol from seeing it on prescription labels and have 

already realized its importance.  

The present research also demonstrated the impact of negation when reading real-world 

texts, which is a significant extension of previous work on negation. Some of the previous 

research on negation dealt with text that more closely resembled logic statements (e.g., “The dot 

is not red;” see Cornish, 1971), perhaps in the attempt to make the experimental sentences focus 

only on negation and avoid other types of complexities that may interact with the negation. 

However, these are not the ways in which readers normally encounter negation. By using a more 

ecological approach (e.g., Neisser, 1978) and by having participants read sentences from actual 

fiction stories, the present research replicated the detrimental effects of negation that were 

demonstrated in previous experiments. The similarities among results indicate that the 

difficulties associated with understanding negation while reading are real and are not a function 

of difficulties in logical reasoning. The present research demonstrates the importance of 

continuing to use real-world texts to explore comprehension in the world in which we encounter 

it. In addition, the present research demonstrates that older adults did not show specific deficits 
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in comprehension of negation with these types of texts, which may have positive implications for 

their ability to function in real-world situations. 

Limitations 

There are several limitations of the present experiments that are worthy of discussion. 

First, the text that was used was very rich in context, where many details described by the text 

were given to depict a vivid situation. As a result, older adults may not have shown as much 

decline in comprehension because they were reading text under more optimal circumstances than 

they may have encountered in previous research. Previous research on reading indicates that 

older adults are better able to store and represent text in their memory in the situation model 

representation because this level is the most useful representation (e.g., Radvansky et al., 2001). 

It is possible that the stimuli used in the present research lent themselves to easily forming a rich 

and meaningful representation, even when negation was present. Given more detail and more 

description of events than sentences used in previous research on negation, the sequence of 

events in the sentences used here were more easily visualized, and older adult readers might have 

more easily drawn upon their experience and information in the text to form a situation model 

representation. The additional depth of information to the sentences in the present research may 

have put older adults at an advantage, shielding potential age differences in comprehension of 

negation that would have appeared if the exact wording of the text had been required to show 

comprehension. 

Second, previous research on negation has demonstrated that various types of negation 

may lead to different results (e.g., Just & Carpenter, 1971; Sherman, 1973). For example, the 

addition of the word “not” makes comprehension more difficult than the addition of another type 

of negative word, like “few” or the prefix “un-.” The present research used the word “not” 

because it was expected to make comprehension more difficult than the other types, allowing the 
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possibility of finding age differences. However, the word “not” may have multiple functions, 

serving as both a word that denies existence (e.g., “She some baked bread but no cookies.”) and 

as a word that changes meaning (e.g., “He could not part with his school or the people in it.”). 

These differing functions may both cause difficulties in comprehension but for different reasons. 

Where the function of the word “not” is to deny existence of an object, processing most likely 

involves inhibition. Where the function of the word “not” is to change the meaning to its 

opposite, processing is likely more working-memory intensive because of the required 

transformation (e.g., Mehler, 1963; Gough, 1965). Given these potential processing differences, 

it is evident that “not” as a structure in influencing comprehension may be more complex than 

previously thought. 

Third, the time spent attending to the symbol was not recorded, so there is no indication of 

whether or not readers were spending enough time processing the symbol for the symbol to serve 

as compensation. In addition, the symbol was present during the entire sentence, and there was 

no way to measure whether people looked back at the symbol periodically. While there is no 

standard amount of time that a reader should spend processing the pictorial information when it 

is presented, a longer amount of time may be related to the usefulness of the symbol. Readers 

who spent longer looking at the symbol, or exerted more effort to incorporate the meaning of the 

symbol into the text that they were reading, may have improved their own comprehension. 

Furthermore, age differences in time spent processing the symbol are also possible and could be 

linked to the lack of age differences observed in comprehension accuracy when symbols were 

used in the experiment. However, this information is not available from the measures gathered 

from the present research. 
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Fourth, a comparison in the present research has been made between instructions (such as 

medication instructions used with a symbol) and fictional text. The limitation here is that these 

are two very different kinds of texts. For instructions, it is often the case that the exact wording is 

very important to the message, whereas for fictional text and other types of narratives, the 

message can be remembered and stored as a situation model or just the gist. Due to the different 

nature of these types of text, the process by which a reader may read and store the information, 

as well as incorporate the meaning from a symbol, may be different. For instructions, where the 

wording is important to the message, the symbol may be mapped on to a specific word. For 

fictional or narrative text, where the wording is not as important to the message, the meaning 

from the symbol may simply be incorporated into the situation model of the text. Therefore, 

although the present experiments used more real-world texts, their generalizability to texts like 

medication instructions may be limited. 

Finally, in the second experiment, participants were not given explicit instruction on how 

to interpret the symbol or how to incorporate the symbol into the meaning of the sentence; they 

were just told to look at the symbol before they started to read the sentence. After completing the 

experiment, some participants reported not knowing what to do with the symbol or why it was 

there. These post-hoc reports suggest that the implicit nature of the symbol may not have been 

sufficient to provide compensation in reading these types of sentences. Giving some deliberate 

instruction on how to consciously use the symbol, rather than implicit ones, may have increased 

the impact that it could have had on compensation. For example, explicit instructions to use the 

negation symbol may have encouraged readers to develop a compensatory reading strategy to 

help them improve their comprehension of the negation. 
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Future Directions 

Future research on negation and aging should continue to focus on three important aspects 

of these topics that were explored here: (1) circumstances where a reader might have more or 

less difficulty in understanding negation, (2) circumstances where a reader or a writer may 

improve comprehension of text involving negation, and (3) exploring and applying these 

investigations within the context of real-world types of texts (e.g., non-fiction, instructions, 

jokes). 

One direction for future research is to further break down the different types of negation 

that may cause difficulty in comprehension. While some breakdown has occurred in the past 

(e.g., Just & Carpenter, 1971; Sherman, 1973), the present research has indicated that additional 

exploration may be necessary. It seems fundamentally different to negate a noun (e.g., 

“cookies”) than to negate an adjective (e.g., “bright.”). One argument is that negative modifiers 

may differentially impact targets as a function of their parts of speech. Negating a noun often 

indicates that it is not present and would be processed by deactivating the negated concept. 

However, negating an adjective would simply change the meaning, and would be processed by 

transforming the sentence into its negative form. Given that older adults have demonstrated 

difficulty with inhibition in the Stroop test, they may be more differentially impacted by a type 

of negation that evokes inhibition (e.g., negating a noun), but not differentially impacted by a 

type of negation that involves a change of meaning or transformation (e.g., negating an 

adjective). 

Another direction for future research involves a further examination of the use of symbols 

on comprehension. Given that readers prefer the presentation of symbols in an instructional 

situation (e.g., Sojourner & Wogalter, 1997), there is some indication that some people may find 

them helpful. Future research should investigate whether more time processing the symbol or 
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whether conscious strategies for using the symbol will improve assistance from the symbol. In 

addition, given the difference between instructional text and fiction, future research may also be 

able to determine whether symbols, when understood by the reader, may have a larger impact on 

one type of text over the other. Depending on the strategy given, mapping the symbol onto a 

particular word would assist instructional text better than narrative text, whereas instructing 

participants to incorporate the meaning of the symbol with the meaning of the text may better 

benefit narrative text. 

A final direction for future research is the investigation of additional mechanisms for 

compensation in reading negation. Given that older adults have demonstrated that they pause 

more often while reading complex sentences, leading to better retrieval of the information they 

read (e.g., Stine, 1990), and that they are also able to apply a strategy of pausing more often 

during reading to improve their comprehension (e.g., Noh et al., 2006), an exploration of pausing 

during reading negation seems logical. Whether individuals who spontaneously pause after 

reading a negation have better comprehension accuracy than individuals who do not pause could 

be assessed. For readers who do not naturally adjust their reading via pauses, a training strategy 

could be employed to investigate whether explicit, effortful strategies can improve 

comprehension of negation, e.g., instructing readers to pause after reading a negative phrase. 

Since negative sentences can be categorized as another type of complex sentence, pausing after 

reading the negated concept may provide time for wrap-up and to complete processing of this 

difficult construction. 

The exploration of negation comprehension in the present research speaks to the 

importance of this type of construction in text. Given that readers of all ages have difficulty 

understanding text that contains negative words, both readers and writers need to be sensitive to 
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the use of this construction. Readers need to learn how to adjust their reading strategies when 

encountering this construction. Writers should avoid using negation to minimize comprehension 

difficulties whenever possible. Negation appears in many everyday situations, oftentimes without 

our awareness because it is a small, simple word, but people should be aware that little things 

can have big effects on comprehension. 
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APPENDIX A 
SAMPLE STIMULI 

Sample negative sentence: 

As Joel looked around, he thought about what leaving his school would mean, and he knew that 

he could not part with the school and the people in it. 

Sample non-negative sentence: 

As Joel looked around, he thought about what leaving his school would mean, and he knew that 

he could part with the school and the people in it. 

Sample probes and frequencies: 

Verbatim probe – part (11) 

Related probe – split (26) 

New probe – mash (4) 

Sample comprehension question: 

What did Joel know about his ability to leave his school and the people in it? 
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APPENDIX B 
EXPERIMENT 1 INSTRUCTIONS 

In this experiment, you will be asked to read sentences, say aloud specific words, and answer 
questions about the sentences that you have read. It is important that you read in order to 
understand the gist of what you are reading, but it is not necessary that you memorize each 
sentence. 
 
The reading task is different from how you normally read.  You will be silently reading 
sentences one word at a time, where you will control your own reading speed.  The words in the 
paragraphs will show up as dashes (--------) on the screen, and you will press the “Space Bar” 
key to make a word appear.  Each time you press the “Space Bar”, the previous word will return 
to dashes, and the next word will appear.  
 
The sentences you will be reading have been taken from a story about magic, so you may notice 
some unusual events happening. Just read the sentences at your normal pace, and do your best to 
understand what you are reading, as you will be asked comprehension questions about them. 
Remember, you do not need to memorize the sentences word-for-word, but you will be asked to 
remember the main ideas of the sentences.  
 
After reading the sentences, you will see a single word on the screen. You need to say this word 
aloud, as soon as it appears. Say this word as quickly and as naturally as you can, but be careful 
not to make any extraneous noises, such as coughing or clearing your throat that may be picked 
up by the microphone. The main point is to say this word aloud as soon as possible after seeing 
it. 
 
After saying the word out loud, press the “Enter” key, and a question will appear on the screen. 
Read the question and say your answer out loud so that the experimenter can write down your 
answer. You may answer using one or more words, whatever you feel is necessary to answer the 
question. In addition, at this time, please feel free to give any comments about whether or not 
you feel your answer was hindered by an awkward construction of the sentence. However, you 
do not need to give comments if you do not have any, simply wait until the experimenter has 
finished writing, and press the “Enter” key and continue on to the next sentence. 
 
This pattern of tasks (reading, saying words, and answering questions) will repeat throughout the 
experiment, so be sure that you understand what tasks you will be asked to do. If you have 
questions, please ask the experimenter now. Otherwise, press the “Enter” key, and you will be 
given several practice trials to get familiar with the tasks. 
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APPENDIX C 
EXPERIMENT 2 INSTRUCTIONS 

In this experiment, you will be asked to read sentences, say aloud specific words, and answer 
questions about the sentences that you have read. It is important that you read in order to 
understand the gist of what you are reading, but it is not necessary that you memorize each 
sentence. 
 
The reading task is different from how you normally read.  You will be silently reading 
sentences one word at a time, where you will control your own reading speed.  The words in the 
paragraphs will show up as dashes (--------) on the screen, and you will press the “Space Bar” 
key to make a word appear.  Each time you press the “Space Bar”, the previous word will return 
to dashes, and the next word will appear.  
 
In addition, you will sometimes see a symbol presented before a sentence. The symbol may or 
may not seem relevant in helping you to understand the sentence, but it is important to look at 
the symbol before starting to read the sentence. After looking at the symbol, you will press the 
“Space Bar” to begin reading the sentence. 
 
The sentences you will be reading have been taken from a story about magic, so you may notice 
some unusual events happening. Just read the sentences at your normal pace, and do your best to 
understand what you are reading, as you will be asked comprehension questions about them. 
Remember, you do not need to memorize the sentences word-for-word, but you will be asked to 
remember the main ideas of the sentences.  
 
After reading the sentences, you will see a single word on the screen. You need to say this word 
aloud, as soon as it appears. Say this word as quickly and as naturally as you can, but be careful 
not to make any extraneous noises, such as coughing or clearing your throat that may be picked 
up by the microphone. The main point is to say this word aloud as soon as possible after seeing 
it. 
 
After saying the word out loud, press the “Enter” key, and a question will appear on the screen. 
Read the question and say your answer out loud so that the experimenter can write down your 
answer. You may answer using one or more words, whatever you feel is necessary to answer the 
question. In addition, at this time, please feel free to give any comments about whether or not 
you feel your answer was hindered by an awkward construction of the sentence. However, you 
do not need to give comments if you do not have any, simply wait until the experimenter has 
finished writing, and press the “Enter” key and continue on to the next sentence. 
 
This pattern of tasks (reading, saying words, and answering questions) will repeat throughout the 
experiment, so be sure that you understand what tasks you will be asked to do. If you have 
questions, please ask the experimenter now. Otherwise, press the “Enter” key, and you will be 
given several practice trials to get familiar with the tasks. 
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