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ABSTRACT 

Using the DRM paradigm and a short story format, elementary age children demonstrate 

immediate false recall and recognition effects. Results from using the DRM lists showed 

that, relative to adult false recall levels, older children falsely recalled fewer critical 

words from DRM lists, and younger children's false recall of critical words was near 

floor levels, suggesting that gist processing did not predominate during the free recall 

task. Developmental trends were not in the direction of increased accuracy in memory 

performance, but rather in the direction of increased false memory. Contradiction within 

a short story format increased levels of false memory in younger and older children to 

levels that were not reliably different from information that repeated sentence meaning. 

Results from both e.xperiments demonstrate that increases in false memory occurred 

when gist memory representations were strengthened, i.e.. when the meaning of words or 

sentences was repeated. False memory effects were more pronounced over a delay 

interval. Fuzzy trace theory's assumptions explain the preponderance of the memory 

testing results obtained in these two experiments. Results run counter to suggestibility 

studies, where younger children produce false memory that surpasses older children and 

adults. 
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CHAPTER 1 

This chapter introduces theory and empirical research in the area of children's 

false memory. Specific focus will be directed toward developmental differences in the 

memory performance of elementary school age children. Additionally, this chapter will 

present information regarding limitations of current research, the purpose of the present 

study, definitions of essential terms, fuzzy-trace theory assumptions, and hypotheses to 

be tested. 

Empirical and Theoretical Background 

Memory errors have been investigated for the purpose of understanding the 

underlying memory processes that create false memory in children, and in a broader 

sense, understanding the relationship between these basic memor>' processes and 

reasoning (Reyna. 1995). Recent findings from studies investigating children's memory-

errors have challenged traditional theories of cognitive development, such as Piagetian 

and information processing, and questioned their postulates concerning the relationship 

between memory and reasoning in children. Moreover, the older theories of cognitive 

development that claim dependency between memory and reasoning, e.g., memorv-

constrains reasoning or reasoning informs memory, cannot account for findings from 

many recent studies of memory errors in children (Reyna, 1995). 

Children's memory performance and reasoning ability' has historically been 

described as mutually reinforcing. To illustrate, consider a classic Piagetian paradigm 

such as class inclusion. In the class inclusion paradigm, a child is given numerical 

information about how many animals live on a farm. The child is told, "Farmer Brown 
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owns 12 cows, 7 sheep and 3 horses." According to Piagetian theorists, in order for the 

child to correctly answer the question, "Are there more cows than animals?", the child 

must store in memory the numerical inputs for cows, sheep and horses. Accuracy in the 

young child's reasoning was described as dependent on memory for the critical numerical 

inputs. The relationship between basic memory processes and reasoning was 

hypothesized to be one of necessity, e.g.. accurate memory is a precondition for 

reasoning. 

According to traditional information processing theories, the development of 

reasoning ability depends on increases in memory capacity, as well as organizational and 

retrieval efficiency. For example, improvements in children's ability to solve reasoning 

tasks have been characterized by increased capacity in short-term memory or use of 

strategies that, in turn, free up limited processing space. In spite of the fact that the 

information processing theories suffer from lack of concise definitions, lack of 

conformity for important variables in memory research, and are replete with divergent 

sub-theories and their associated vocabularies, they all seem to conclude that there are 

multiple memory systems, with capacity limitations based on temporary and more 

durable memory storage (Reyna &. Brainerd, 1995a). Even though information processing 

approaches have provided alternative explanations for classic Piagetian tasks, as well as 

new paradigms, the relationship between memory and reasoning continues to be 

described as mutually reinforcing (Reyna «S: Lloyd, 1998). 

Interestingly, much of the data fi*om studies investigating children's and adult's 

memory errors since the mid 1980's contradicts predictions made by both Piagetian and 
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information processing regarding a mutually reinforcing relationship between memory 

and reasoning (Reyna & Brainerd, 1995a). In response to the discrepancies between 

theoretical approaches to cognitive development and experimental findings, fuzzv-trace 

theor\' (FTT) emerged. FTT proposes a different mechanism for describing the 

relationship between memorv' and reasoning and bases it on two types of memory traces 

available for information processing- verbatim and gist. According to FTT. processing 

efficiency comes from accessing information that is less exact, i.e. conceptual vs. 

veridical, information which is stored at the fuzzy end of a verbatim-to-gist continuum 

(Reyna. 1998). This has led to a reconceptualization of the way both children and adults 

process information. Development of cognition is the result of age changes in ability to 

storage and retrieve verbatim and gist memorv- representations. Accessing gist 

representations enables one to be more accurate and efficient in their reasoning, however, 

reliance on gist memory representations can also lead to memory distortions. This 

conceptualization of memory processing runs counter to traditional theories of cognitive 

development that have used the metaphor of the mind as a computer, where cognitive 

processes are conceived of as computational in nature-logical and computer-like, and 

development of cognition is the result of faster, more efficient processing of inputs. 

Emanating from work inspired by FTT is a large body of false memory research 

that supports the verbatim/gist concept of basic memory processing in children and 

adults. New findings have led to greater theoretical clarity and have sharpened the 

understanding of mechanisms involved in the production of false memory effects 

(Brainerd & Reyna, 1998a), interference effects (Reyna 1995), and the relationship 
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between memory and reasoning (Reyna, 1996a). FTT's assumptions include a multi-

representational memory system composed of independent processing of verbatim 

memory traces and gist memory traces. Both gist traces, i.e., memory representations 

that embody the meaning, pattern or sense of information, and verbatim traces, i.e.. 

memor\' representations of exact input, are importantly described as independent 

component processes that develop at different rates. False memory reporting is attributed 

to retrieval conditions that favor the processing of gist memory traces that, in turn. 

support judgments of similarity (if the memory trace is similar enough to produce a 

feeling of remembering). Also, the interplay of verbatim trace and gist trace retrieval 

mechanisms may result in competition between gist and verbatim memories, thus 

creating interference effects (Reyna. 1995). 

Recent findings described in the adult memor>^ literature, utilizing a new 

paradigm for studying false memorv' effects, have provided another opportunit\- to 

examine FTT's predictions concerning systematic memory errors. This paradigm, which 

uses a standard list learning task with associated words, has been shown to reliably 

produce false memory effects in adults that conform to FTT's assumption about memory 

and reasoning independence. Deese. Roediger, and McDermott's (DRM) word lists 

(Desse. 1959; Roediger & McDermott. 1995) that have been shown to produce false 

memories in adults, may provide an excellent vehicle to induce false memory in children 

as well. 

Another novel paradigm using short stories has also reported false memor\- effects 

in adults. Reyna (1996b), in a study using a short story format, demonstrated specific 
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conditions under which adults were more likely to falsely recognize sentences as 

presented, when in fact, they were not presented. Her results demonstrated that both 

exposure to repeated meaning-consistent information and contradictory information led 

to increased false recognition effects. Conditions in this study favoring accurate memory, 

e.g., repetition of learned information, and conditions favoring false memory, e.g.. 

contradiction of learned information, also conform to FTT's assumptions about memory 

and reasoning independence. 

Statement of the Problem 

While meaningful data e.xists in the adult DRM literature, to date, no published 

studies exist using DRM word lists to induce false memory in children. Thus, there has 

been no opportunity to examine the predictions of FTT using this methodology in 

children. 

Likewise, using another model designed to test false memory effects, 

contradiction within a short story format has to date not been adequately researched. 

Studies that test children's memory for sentences when stor\' information has been 

systematically contradicted provides another paradigm within which FTT's predictions 

about memory development in children can be tested. 

Purpose 

The purpose of the present study was to provide additional support for 

understanding the relationship between memory and reasoning by focusing closely on 

basic cognitive processes underlying the development of recall and recognition 

Judgments in children. Two experiments were conducted, whose purpose was to test of 
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theoretical assumptions of FTT with respect to the relative contribution of verbatim and 

gist memory traces in the productions of children's memory errors. Both Experiment I, 

which drew upon methodology, which heretofore has been used exclusively with adults, 

and Experiment 2, whose methodology has been used with both children and adults, 

tested predictions of FTT concertung memory development. Materials from DRM 

studies that induced high levels of false memory in adults were used with children in 

order to measure false memory development. Secondly, a short story false memory 

paradigm previously used with children was modified in order to test the effects of 

contradiction. 

Fuzzy-trace Theory Assumptions 

The following material outlines FTT's assumptions which form the basis for 

proposed hypotheses regarding children's false memory. Predictions about memory-

performance rest on the following FTT assumptions: 1) that information is encoded in the 

brain and is stored simultaneously as both verbatim and gist memory representations, 2) 

that the encoded verbatim and gist information coexists as independent memory-

representations and can be retrieved independently. 3) that verbatim and gist memories 

differ in their availability, and 4) that improvements in problem solving and reasoning 

skills are attributable to increased ability to encode and retrieve gist representations. 

According to FTT, false memory is supported by retrieval of gist memory representations 

that are stored independent of memory traces for the verbatim level information. Under 

conditions that favor the retrieval of gist memory traces, false recall and recognition 

effects provide evidence in support of FTT. The distinction between verbatim and gist 
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memories allows FTT to describe different developmental trajectories concerning 

storage, retrieval, and forgetting rates in children. For instance, forgetting rates of 

verbatim memory decrease early in childhood (between the ages of 7-11) and increase 

later in life (ages 20-70), whereas forgetting rates for gist memory are relatively stable 

during these two age ranges (Brainerd, 1996). Younger children more readily encode 

verbatim memories, however these verbatim memories become less accessible sooner 

than memory for the gist. Over a forgetting interval, both young children and older 

children tend to retrieve gist memories when making recognition judgments. 

Hypotheses 

For E.xperiment 1. it was expected that age differences in the rate at which 

children falsely recall the critical words for DRM word lists, with these same critical 

words being recalled, by older children, near the rate of words presented in the middle 

positions of the DRM lists. Younger children were not expected to recall the critical 

words at the same rate as older children. Older children were expected to show an 

increased rate of false recall with a pattern of performance similar to adults. Because FTT 

describes developmental differences in gist and verbatim memory process for younger 

and older children, two age groups will be tested. The most interesting of these 

interactions with age, as previously mentioned, can be summarized by the following 

statement: A developmental shift in elementary age children occurs, to increased storage 

of gist memory representations that although more difficult to store are more easily 

retained, and when coupled with the powerful memory effects caused by repeatedly 

cueing of the gist for the meaning of the DRM word lists, it was expected that younger 
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and older children would have very different false memory performance. Specifically, 

lists which generate high levels of false recall in adults were expected to also create high 

levels of false recall in older children. DRM word list presented in a forward order (most 

highly associated words presented first) were expected to produce higher false recall in 

older children. Young children's pattern of false recall was not expected to match 

expected patterns produced by older children for this ordering condition. 

Specifically concerning recognition memory testing, it was expected that children 

would falsely recognize critical words at a rate that varied as a function of the strength of 

the gist memories for the corresponding DRM lists. Overall, it was expected that there 

would be age differences for false recognition in children who are exposed to DRM lists. 

This was expected to occur because FTT assumes that younger children's memory 

processes rely more on retrieval of verbatim representations, while older children rely 

more on gist representations that are strengthened by repeated cueing from the DRM 

word lists. Thus patterns of recognition memory performance in older children were 

expected to look like adults" performance patterns, but with lower levels of false 

recognition, while younger children's false memory patterns would be distinctively 

different. Increased false recognition in adults exposed to DRM word lists has been 

found to increase when lists are recalled (Roediger & McDermott, 1995) and when 

recognition test instructions emphasize meaning (Brainerd & Reyna, 1998a). It was 

expected that factors which increase reliance on gist memory representations, such as: 

presenting DRM lists in a forward order (highest associative strength words first), high 

strength lists (lists with higher associative strength), prior recall, and delayed testing 
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would contribute unequally to increases in false recognition rates for older and younger 

children. 

The adult literature demonstrates that after exposure to DRM lists and a 

subsequent recall task, recall of critical words occurs at higher rates than recall of some 

presented list words (Roediger & McDermott. 1995). FTT predicts that older children. 

like adults, will be more likely to rely on gist representations that support false memory-

judgments and, as a result, demonstrate higher levels of false recognition following a 

recall task. 

Following a delay, as verbatim memory representations become less accessible, 

younger and older children were expected to perform more similarly on recognition 

memory tests, due in part to an increase in gist-based memory judgments. The delayed 

recognition test was designed to measure forgetting over a 2-3 day delay. In order to 

measure forgetting both with and without the influence of mere testing effects (Brainerd 

& Reyna, 1996). previously tested words and new words w ere part of the delayed test. 

FTT provides a framework to guide the interpretation of important interactions in this 

study, particularly in the area of age differences and difference in forgetting found after a 

delay. 

In Experiment 2 of this study, it was expected that sentences that were repeated in 

a story would be remembered better than sentences heard only once. According to FTT. 

both repetition of verbatim and gist information should strengthen memory representation 

for presented information. However, when sentences in a story are contradicted, it is 

expected that children's memory performance will vary depending on whether a gist or 
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verbatim memory representation supports the recognition judgments. It was expected that 

contradictory sentences would interfere with verbatim memory for target sentences, and 

accuracy rates for target sentences will decrease. It was e.xpected this effect to varv' with 

age. As previously discussed, age differences in reliance on gist memory representations 

when making memory judgments lead to predictable increases in false memory effects 

(Reyna. 1995). Consequently, interactions such as age and time of testing were important 

in describing how the retrieval of gist and verbatim memory- representations led to 

increased levels of false memory in children when they were exposed to information that 

had been repeated or contradicted. 

False memory judgments, i.e.. YES responses to distractors on the recognition 

test, were expected, depending on the ty pe of distractor. to varv- in a predictable manner. 

FTT assumes that recognition judgments for related distractors are supported by gist 

representations, and these judgments were expected to show increased levels of false 

memory effects when the sentence is contradicted. This occurs because both the original 

sentence and contradictory sentence are supported by the same gist memory 

representation. If older children rely on gist representations to make recognition 

judgments, then repeating the gist of a sentence was expected to lead to increased false 

memory for distractors that retain the meaning of presented sentences. Findings in the 

adult literature support FTT's prediction that contradiction interferes with verbatim 

memory. lowering YES response rates for presented sentences, and cues gist 

representations supporting false judgments. Contradiction also cues the meaning for 

presented sentences and, in older children, should lead to increased false memory for 
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related sentences, even when they are false paraphrases of presented story sentences. In 

younger children it was expected that, because retrieval of verbatim representations tend 

to support recognition judgments, repeating the gist of sentences would not produce false 

memory effects at the level found in older children at the immediate test. Contradiction, 

which serves to strengthen the gist for sentence meaning and therefore increase false 

memory rates in older children for related distractors. would not be expected to have the 

same influence on younger children's memory performance. 

It was expected that the most pronounced age differences would be found on the 

immediate test, since over time verbatim memory representations become less accessible, 

and both younger and older children's memory judgments tend to be gist based. In other 

words, patterns of memorv' performance for younger and older children, following a 

delay, were expected to be more similar. 

Summary 

In summary, two experiments were be conducted to study age differences in 

memory development. In Experiment 1. elementary school children, at two age levels, 

were be given recall and recognition tests following the presentation of DRM word lists. 

In Experiment 2, the same age groups of children were given immediate and delayed 

recognition tests after listening to short stories containing repetition and contradiction. 

Both Experiment 1 and 2, made use of paradigms under which age differences in memory 

development were studied. In addition, these experimental paradigms provided the 

means for a careful analysis of how the independent memory processes-gist and 

verbatim-contribute to memory accuracies and memory errors in children's recall and 



recognition judgments. The use of DRM word lists and short stories that contain 

repetition and contradiction, as well as immediate and delayed recognition tests, provided 

the opportunity to add to accounts of developmental differences in children's memory. 
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CHAPTER II 

This chapter reviews studies that pertain to memory development in children by 

focusing primarily on research related to false memory. After highlighting selected 

factors motivating false memory studies in children and introducing some important 

methodologic considerations, studies in adults using the DRM paradigm will be 

reviewed, as well as false memory studies in children using a short story paradigm. 

Pertinent research supporting FTT's fundamental assumptions will be discussed. 

Factors Motivating False Memory Studies in Children 

Research regarding children's testimonial competence surfaced as early as 1909 in 

a series of articles in the Psychological Bulletin (Whipple. 1909. 1922. 1912. 1913). 

These reports largely omitted methodologies, but nonetheless concluded that the child 

wimess was capable of making serious memor>' errors. Leading work in the early part of 

the 1900's done by Europeans A. Binet. W. Stem. J. Varendonck and O. Lipmarm. 

foreshadowed many of the current debates in the literature, such as the effect of repeated 

questioning on memory accuracy and secondly, the influence of free recall vs. yes-no 

questioning on memory accuracy. For a comprehensive review of research related to the 

child witness, see Ceci & Bruck (1993). While both internal and external factors 

contributing to memory errors were discussed in this article, Ceci & Bruck focus 

primarily on the degree to which children's memory is affected by external psychological 

and social factors. It is interesting to note that Binet (1900) first hypothesized, on the 

basis of experiments with children ages 7-14, that both external forces (suggestibility) and 

internal cognitive factors (autosuggestibility) were causal mechanisms for memory errors 
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in children. One hundred years later, research designed to investigate children's false 

memory continues to be fueled by the lingering question -When are children good 

reporters of past events? Additional motivation for this false memory research comes 

from the incomplete understanding of the internal cognitive mechanisms underlying 

suggestibility/autosuggestibility (Bruck & Ceci, 1995). Recent work in the memory-

development literature, including principles of memory decisions (Brainerd and Reyna, 

1998a), development of forgetting (Brainerd. 1996), and interference effects (Reyna. 

1995) contributes relevant input pertaining the role of basic cognitive factors in false 

memorv'. 

Researchers who study false memory phenomenon generally focus their efforts in 

one of these two areas: I) those who use some type of interpolated information 

(suggestibility) to test the malleability of memory or 2) those who manipulate internally 

generated or unconscious patterning (autosuggestibility) to test for false memory-

judgments. 

False Memory Effect Taxonomy 

While research continues based on this dichotomous methodological approach. 

Reyna (1995) has suggested that false memory effects, which are the result of 

experimental mfluence, can be organized along a continuum that ranges from mostly 

internal to mostly external factors. For example, at the autosuggestibility end of the 

continuum, false memory effects are the result of cognitive processes that occur within 

the child or adult after simply listening to sentences and then responding to recognition 

test items (Reyna & Kieman, 1994). At this end of the spectrum, false memory can arise 
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for a number of reasons including: retrieval of the wrong memory representation, or 

forgetting (e.g. disintegration of a memory trace). At the suggestibility end of the 

continuum, false memory effects are the result of external manipulations, in which 

misinformation is included between the presentation of the original stimulus materials 

and the test (Brainerd & Poole, 1997). Reyna and Lloyd (1997) have suggested that 

research designs can also be organized into a taxonomy, which classifies memory errors 

according to the extent to which they are artificially manipulated by the experimenter. 

Sentence-verification and word-recognition paradigms are examples of non-experimenter 

manipulated studies, while misinformation paradigms intentionally suggest or misinform 

subjects. The following review is restricted to non-e.xperimenter manipulated designs, 

which use word lists and short stories to produce false memorv' effects at the 

autosuggestibility end of the continuum. 

False Memory Effects Using the DRM Paradigm 

Several bodies of research will be reviewed with respect the DRM paradigm 

beginning with an early study which spawned interest in the study of false memory using 

word recall. A rudimental word recall paradigm first introduced by Deese (1959) to 

predict extra-list intrusion (e.g., the probability of falsely recalling a non presented word), 

in an immediate word recall task, has recently been used to produce reliable and 

immediate false recall and recognition effects in adults (Brainerd & Reyna . 1998b; 

Payne, Elie, Blackwell & Neuschatz. 1996; Robinson & Roediger, 1997; Roediger & 

McDermott, 1995; Stadler, Roediger «& McDermott, 1999 ). Deese (1959) originally 

generated word lists by selecting the 12 most frequent responses given to a particular 
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word (called a critical word) from the Kenl-Rosanoff word association lists (Russell & 

Jenkins. 1954). For example, the 12 word list- nurse, sick, lawyer, medicine, health, 

hospital, dentist, physician, ill, patient, office, stethoscope (called common associates)-

were the most frequent responses to the critical word DOCTOR. Common associates 

were collected by giving the word DOCTOR to subjects in a word association task and 

measuring the frequency of spontaneously reported associated words such as nurse, sick, 

and lawyer (Russell & Jenkins, 1954). Deese (1959) found that intrusions in free recall of 

the critical word were predicted by the average associative strength' of the 12 common 

associate words. Some word lists were more likely to produce false recall of the critical 

word than others, with recall rates ranging widely from 0 % to 44%. Based on his 

findings. Deese (1959) hypothesized that what is remembered can be explained in terms 

of the average associative strength of associated words from a list. In a broader sense, 

false recall of the critical word is based on associationism which arises from a memorv-

system that is constructive in nature." Subsequent investigation into false memory effects 

using Deese lists was very limited until recently when Roediger & McDermott (1995) 

revived the paradigm for false memory research. 

' Deese (1959) calculated average associate strength by taking the mean of each list associates frequencv-
found in the Russell-Jenkins Norms. Deese also calculated the frequency at which the critical words, i.e.. 
doctor occurred given each word from its list of associates. The mean frequency' for these critical words 
was the independent variable in his study (e.g., the average of each word^s probability of eliciting the 
critical word on a word association task.) 
~ Underwood (1965) using a recognition procedure demonstrated increased false recognition of words 
presented later in a list of200 words. Increased false recognition was due to frequency of implicit response, 
where implicit response is measured by instances of exposure to a category (e.g. dog, cow, horse for 
category animal.) 
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With the purpose of studying false memory phenomenon, Roediger and 

McDermott(l995) presented Deese's 12 word lists to 66 adult subjects, along with other 

similarly composed lists, and found high levels of false recall and recognition for the non-

presented critical word. In the recall portion of the study, subjects who heard the words 

nurse, sick, lawyer, etc. were highly likely to immediately recall the non-presented critical 

word DOCTOR, along with other words from the list. The mean probability of false 

recall of the non-presented critical word was .40, compared to .65 for the common 

associate words and .14 for unrelated words. The rate of false recall of critical words 

approximately equaled recall of words from the middle serial positions of the word 

associate list. A few minutes after the recall test, subjects were given a recognition test 

containing words from the common associate list, plus the critical word DOCTOR and 

some distractors (non-presented related or unrelated words). Subjects falsely recognized 

the critical distractor DOCTOR at a high rate (84%) compared to true recognition of 

common associates (86%) and false recognition of unrelated distracters (2%). In order to 

unconfound results of the recall test from the recognition test. Roediger & McDermott 

(1995) conducted a follow-up e-xperiment using the same paradigm, which included a 

recall and no recall condition. Results demonstrated that false recall of critical words and 

accurate recall of associate words enhanced later recognition (both true and false) and 

was significantly higher in the recall condition. In the recall condition, false memory 

rates for non-presented words surpassed true memory for presented words (81% vs. 79%). 

Surprisingly, subjects claimed to have remembered that they were presented with the 

critical word at an equal rate (72%) as words that had in fact been presented to them. 
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While several theoretical viewpoints were cited by Roediger & McDermott as viable 

explanations for the false memory effects, the authors concluded that false memory 

effects were the result of memory processes that were constructive in nature. Their word 

essentially revitalized this free recall word list paradigm, which induced reliable 

reproducible immediate false memory in adults at the autosuggestibility end of the 

spectrum, without misinforming subjects. 

In order to replicate and/or expand on these false memory findings. Payne et al. 

(1996) conducted three experiments using DRM (Deese-Roediger-McDermott) and other 

similarly constructed word lists. In a study similar to Roediger & McDermott (1995). 

Payne et al. (1996) replicated the false memory experiment and added a twenty-four hour 

delayed recognition test. Immediate recall and recognition testing was consistent with 

Roediger and McDermott (1995). (Recall of list words = 60%. recall of critical words = 

45%. recall at middle serial position = 52%, recognition of list words = 67%. recognition 

of critical words = 70%). Interestingly, twenty four hour delayed testing results showed 

lower levels of true memory for list words (55%) and sustained levels of false memorv' 

(66%). In other words, over a delay, false memory was more stable than true memory. 

Paine et al. found lower false recall when lists contained 10 associate words (35%) 

compared to 15 associate word lists (45%). Findings of lower false recall and recognition 

rates from this study were attributed to word lists containing fewer numbers of associated 

words. Previous studies have found mean false recall rates of 35-45% for word lists 

containing 10 associates (Payne et al. 1996), 40 - 67% for 12 word lists (Deese, 1959; 



29 

Roediger & McDermott, 1995) and 30-69% for 15 word lists (Robinson & Roediger. 

1997: Roediger & McDermott. 1995; Stadler, Roediger & McDermott. 1999). 

The influence of list length on false recall and recognition was specifically 

targeted in a study by Robinson & Roediger (1997). The first experiment used DRM lists 

with 3, 6,9.12 and 15 common associates per list. Mean probability of false recall of the 

critical word was found to increase with list length (p < .0001), while the mean 

probability of recall for list words was found to decrease with list length (p < .0001). The 

probability of false recall was .03 for a 3-word list and .31 for a 15-word list. In order to 

unconfound list length with the number of common associates, a second experiment was 

done in which unrelated words were added to the short lists of associated words in order 

to equate list length. Levels of false recall in this experiment displayed the same level of 

false recall and recognition as Experiment I. Moreover. Experiment 2. which 

incorporated unrelated words, suggests strongly that false recall was not. as Deese had 

earlier concluded, a function of mean associative strength. 

Brainerd & Reyna (1998b) investigated the influence of a meaning-recognition 

procedure^ on false recognition rates following exposure to DRM word lists. In 

Experiment I. following the presentation of 12-word DRM lists. 60 adult subjects were 

instructed to say YES if they recognized a word as being from the DRM list or if it was 

consistent with the meaning of a word from the list. Comparisons showed that meaning-

recognition instructions increased false recognition rates for critical distractors (.88) 

' Meaning-recognition instructions indicate to subjects that memory judgments should be based on 
consistent meaning and not e.xact wording. 
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above the false recognition rate for associate words (.68). while these two rates did not 

differ significantly under standard recognition instructions'* (.63 vs. .61). Meaning-

recognition instructions also influenced the ordering of recognition rates in experiments 2 

and 3. E.xperiment 2 introduced two alternate levels of distractors related to list words: 

words that capture the meaning of the word list itself-called list associates (words that 

resemble a critical distractor). and new words related to list words-called missing 

exemplars (words that resemble targets). Comparisons showed that meaning-recognition 

instructions increased false recognition rates for critical distractors (.86) and list associate 

distractors (.75) beyond recognition rates of targets (.67). Correspondingly, results from 

standard instructions show that YES responses to associate list words (true memory) did 

not significantly differ from YES responses to critical distractors (.57 vs. .54). both of 

which were greater than missing exemplars (.24) and unrelated distractors (.15). 

Experiment 3 manipulations also supported the hypothesis that meaning recognition 

procedures would increase false recognition rates for meaning consistent distractors 

(developed later in this section) by encouraging memory judgments based on gist 

representations. When meaning-recognition instructions are used, false recognition 

judgments for strong meaning consistent categories exceeded true recognition judgments 

for list words (.92 vs. .82), while the opposite pattern was found for list words (.71) vs. 

weak meaning consistent categories (.62). 

* Standard recognition instructions indicate to subjects that memory judgments should be based on exact 
wording. 
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Stadler, Roediger & McDermott (1999) carefully examined DRM word lists to 

measure their tendency to produce intrusions of critical words. The investigators used 24 

15-word DRM lists from Roediger and McDermott's (1995) study, and 12 15-word lists 

taken from an unpublished list created from the Russell and Jenkins norms. All 36 lists 

were ordered with the highest associative strength word appearing first. Each of 205 

subjects heard 1/2 of the word lists, using a method similar to Roediger and McDermott 

(1995. Experiment 1) utilizing immediate recall and recognition. The proportion of 

subjects who recalled a critical word was the measure used to rank the lists for likelihood 

to elicit false recall of the critical word. For the 36 word lists, proportion of subjects 

recalling the critical word ranged from .65 for false recall of the word WINDOW, to .10 

for false recall of the word FCfNG. Recall of list words was found to conform to standard 

serial position curves. Mean false recall rate of critical words was 40% across all 36 

word lists, which was close to levels of true recall for words in the middle serial positions 

(48%) of the presented lists. A split-half correlation (to check reliability across subjects) 

was reported to be 80%. Lists were also ranked by the proportion of subjects who falsely 

recognized the critical distractor. Proportions ranged from 84% for the word WINDOW, 

to 27% for the word KING. Mean recognition of the critical words was 66% across all 

word lists, which was close to the rate of recognition of words presented in serial 

positions 6 (63%) and 8 (65%). Data collected by Stadler et al (1999) provide valuable 

information concerning the likelihood a given word list will produce false recall and 

recognition in adult subjects, and gives credibility to the use of DRM lists in false 

memory studies. 
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A further analysis of individual word list effectiveness, in eliciting the critical 

word, was conducted by Roediger, Watson, McDermott, & Gallo (in press); 10 DRM list 

factors were assessed for their relative contribution to false memor\'. The purpose of the 

paper was to analyze (through multiple regression) the propensity for characteristics of 

the critical word for the DRM word lists and the words in each DRM list taken 

collectively to create false memory effects. Five factors describing the critical word were 

identified as follows: word length, word frequency, orthographic neighborhood size, 

orthographic distinctiveness, and concreteness.' Results from data sets for 55 DRM lists 

using standard recall tests (immediate recall and recognition) indicated that none of the 

factors singularly were significantly related to false recall. However, when length and 

distinctiveness were considered together, they accounted for a significant amount of the 

variability in false recall (r = +.84). For example, as a word's length and distinctiveness 

increase, the likelihood of false recall decreases. Additionally, five variables describing 

the associate word lists were identified as follows: number of forward connections, 

forward associative strength, backward associative strength, inter-item associative 

strength, and probability true recall.^ Regression analysis suggests that backward 

associative strength (r = +.78) and true recall (r = -.43)were predictors of false recall for 

- Word length was defined as the number of letters per word, word frequency is the number of instances 
found in print per million, orthographic neighborhood size is the number of words that can be formed by 
changing a single letter in the word, orthographic distinctness was obtained by having 75 subjects rate the 
word for its physical distinctiveness, and concreteness is the degree to which a word is concrete vs. abstract. 
" Number of forward connections was defined as the number of times list items are given as a response to 
critical words; forward associative strength was defined as the probability of an associate word being given 
as a response to a critical word averaged across the list; backward associate strength was defined as the 
probability of a critical word eliciting an associate list word averaged across lists; inter-item associative 



the critical word. For example, when the averaged probabilities of associate list words 

(bed, rest, awake and sleep) eliciting the critical word SLEEP increases, so too does false 

recall of the critical word. Conversely, increases in number of list words recalled (bed 

rest, awake) are associated with lower levels of false recall of the critical word SLEEP. 

False recognition data was also analyzed and found to be predicted by the same factors 

that influenced false recall. A limitation in the analysis of the recognition test data is the 

inherent confounding of recall and recognition due to prior recall testing. 

Testinu False Memory in Amnesics. Brain Damaged. Alzheimer's Disease, and the 

Elderly Usinu DRM Lists 

Evidence that amnesic patients demonstrate false recognition and recall for non-

presented critical words such as DOCTOR, when exposed to DRM lists, comes from 

Schacter. Verfaellie & Pradere (1996). In a paradigm similar to Roediger and McDermott 

(1995), with 12 adults amnesic subjects and 12 control subjects, amnesics recalled about 

the same number of targets and critical words (.27 vs. .29), respectively, while controls 

recalled significantly more targets than critical words (.52 vs. 33), respectively. When 

overall rate of intrusions is corrected (control and amnesic subjects base rate of intrusions 

differs), anmesics false recall rate of critical distractor is significantly lower than control 

subjects (p < .0001). The pattern of intrusions in recall for amnesics is also qualitatively 

different than control subjects. While amnesic and controls have similar rates of 

intrusion of unrelated words (22% vs. 19%), amnesics intrusion rate for just studied list is 

strength was defined as the likelihood of individual list words eliciting the critical item; and the probability 
of true recall was defined as the probability* of recalling the list words. 
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48% as compared to 79% for controls. Further, amnesics intrusion rate for the list prior 

to the just studied list is 30%. as compared to 2% for control subjects. In other words, 

amnesics are much more likely to confuse words from prior lists with the list they just 

heard, and recall them from all lists presented. Concerning recognition memory, 

amnesics and controls both had higher hit rates (YES to recognition item) for critical 

distractors than for targets. However, when d-prime' was calculated, false alarm rate ( 

YES response to distractors) for studied words and critical distractors was the same 

(16%) for amnesics, and close to significantly ditTerent for control subjects (66% vs. 

57% respectively). Schacter et al. (1996) suggested that these findings could be attributed 

to degraded gist memory and greater reliance on this degraded gist system compared to 

verbatim memory system. 

Using DRM word lists. Melo. Wincour & Moscovitch (1999) attempted to tease 

out the relative contributions of frontal lobe and medial temporal/diencephalic structures 

(MTL/D) in false memory phenomenon. A study testing 14 brain-damaged subjects 

(limited to either MTL/D or frontal region) found lower false memory effects for both 

groups of amnesic patients consistent with Schacter et al.'s work with amnesics. Melo et 

ai. (1999) interpreted their own data within the framework of FTT, noting that subjects 

with impairments limited to the MTL/D region had profiles of false memory consistent 

with an ability to recall specific words and produce immediate false recall based on 

memory for the gist. But later, at the recognition testing these subjects were not able to 

' D-prime is the standard index of ability to discriminate targets from distractors. 
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retain gist memory representations, and thus had lower false recognition for critical 

targets. 

Using 12 word DRM lists selected from the Stadler et al. (1999) study. Balota, 

Cortese, Duchek, Adams. Roediger &. McDermott (1999) tested 159 adult subjects in 

three groups age 20-40, age 80-90. and Alzheimer's patients. The six 12-word lists that 

were presented to subjects were selected from Stadler et al.'s top rank positions, e.g., lists 

that are most likely to elicit false recall. Other DRM word lists were used as a source of 

distractors for the recognition test.* False recall of critical distractors. as measured by the 

proportion of recall, was relatively stable across subjects (30% - 40%). while recall of 

targets decreased significantly with the age and severity of Alzheimer's (70% - 30%). 

When tested for recognition memory, false memory judgments for critical distractors 

increased with age (e.g.. older subjects make more memory errors), and then decreased 

with severity of dementia. True recognition rates remained stable across young and old 

subjects, and declined with severity of dementia. 

In order to test the effects of DRM list repetition on elderly subjects. Kensinger 

and Schacter (1999) presented 15-word DRM lists, in groups of 3 lists, to 48 college 

students (younger) and elderly subjects (age 60-75). Each subject heard and then recalled 

the 45-word "list" 5 times. Two scoring systems were used: lenient-vvhere small 

alterations, such as fruits for fruit were accepted, and strict-where small variations in 

these words were not scored as true or false recalls. No statistical di^erences in these 
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scoring systems were found. Findings for recall of presented words over trials indicated 

that both younger and older adult subjects' memory performance were increased with 

increased trials. True recall for younger adult subjects was greater than older subjects at 

trial one. and the difference increased with more trials (difference at trial I equal to . 11 

and difference at trial two equal to .25). False recall on trial I was .38 for both younger 

and older adult subjects. Younger subjects reduced their false recall over trials (.38 to .14 

across trials), while older subjects false alarm rate was stable. 

In an attempt to reduce false recognition effects found using the DRM word lists 

by manipulating encoding conditions. Schacter. Israel Racine (1999) had 72 younger 

(18-22) and older adult (61-74) subjects study 14 adapted DRM lists composed of 12 

words. Lists were altered by including words based on their abilitv' to be represented 

pictorially. Subjects were assigned to one of two conditions: 1) there they heard the 

word lists while view ing a pictorial representation of each word (picture condition), or 2) 

they heard the word while viewing a text version of the word (text condition). Recall was 

not tested. True memory for targets was .58 (text condition) and .69 (picture condition) 

for young adults: and .54 (text condition) and .60 (picture condition) for older subjects. 

Results of recognition tests for younger and older subjects in the text condition was 

consistent with previous findings (Roediger and McDermott. 1995). Concerning false 

memory, older adults showed a significant decrease in false memory for the picture 

condition as compared to the text condition: proportion of false recognition judgments 

 ̂Distractors were selected from DRM lists that were not part of the materials presented to subjects at the 
study session. This selection process was used in order to have distractors approximate the targets as much 
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was .38 (text condition) and .27 (pictorial condition) for young adults, and .55 (text 

condition) and .30 (pictorial condition). The results suggest that manipulating encoding 

conditions, in order to emphasize the distinctiveness of words, decreases false recognition 

rates in subjects. These results from this study are consistent with Brainerd and Reyna 

(1998b) who demonstrated the opposite effect by emphasizing the meaning of the word 

list and increasing false recognition rates for critical distractors. 

False Memory for Sentences Using the Short Story Paradigm 

Since the 1970's. autosuggestibility studies (Bransford & Franks. 1971; Paris & 

Carter. 1973) have focused closely on basic memory' processes by investigating memor\' 

errors underlying false memory. In a classic example. Bransford and Franks (1971) 

studied false recognition of sentences that were similar in meaning to sentences that had 

been presented earlier. In this study, 81 college students . in three separate experiments, 

listened to short passages made up of sentences that expressed a complete complex 

idea (i.e.. The ants were in the kitchen./The jelly vrajr on the table./ The Jelly sweet./ 

The ants ate the jelly.) Subjects were read sentences and then 4-5 minutes later were 

asked to recognize sentences that were part of the initial passages. The investigators 

found that subjects falsely recognized test sentences that were consistent with the 

meaning of presented sentences. Because this experimental procedure did not introduce 

information meant to alter or misinform memory, false memory was attributed to 

constructive cognitive processes. The false recognition of true but non-presented 

sentences was stated to be the result of memory judgment that relied primarily on a 

as possible. 
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memory system comprised of highly integrated semantically related information about the 

passages. According to Bransford & Franks, "Individual sentences lost their unique 

status in memory in favor of a more holistic representation of semantic events." Ergo 

memory must be constructive. 

Paris & Carter (1973), in a sentence verification paradigm, explored the extent to 

which children's memory was also constructive. With Bransford and Frank's methodologv' 

in mind, they developed a procedure where children initially read a simple 3-sentence 

passage, i.e.. The bird is inside the cage. The cage is under the table. The bird is yellow. 

When given an immediate recognition test, children were presented with 3 types of 

sentences: I) sentences they had heard exactly (targets), 2) sentences that retained the 

meaning of the passage (related distractors), and 3) unrelated sentences (unrelated 

distractors). Paris and Carter predicted that, like adults, children's memories would be 

constructive, thus inferences the children unconsciously drew from the passages would 

form the basis for later false recognition judgments. The researchers found that children's 

memory errors for meaning consistent sentences were much like adults, i.e.. those 

sentences that retained the meaning of presented passages were falsely recognized at a 

higher rate than unrelated sentences. However, age differences did appear. Older 

children (8-9 years) made more false judgments than younger children (5-6 years). 

Liben and Posnansky (1977) and Small and Butterworth ( 1981), each using short 

story paradigms, produced data supporting the findings of the aforementioned 

investigators and also found additional developmental differences in younger children. 

After presenting the subjects with short stories, they were presented test sentences which 
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retained the meaning of the passages but were altered to include novel wording. 

Introducing novel wording in meaning consistent test sentences, lowered younger 

children's false recognition rates. These developmental differences were attributed to 

younger children's sensitivity to the familiar wording of the original sentences. Older 

children were significantly more influenced by the meaning of the passages and therefore 

more likely to falsely identify meaning consistent material that was not presented to them. 

Some memory studies have attributed developmental differences in memory 

performance to source errors. Data concerning false memory in children comes from a 

study by Beal (1990), who found that kindergarten children differed from first-third grade 

children in their ability to determine whether they had inferred meaning from written text 

(gist memory representation) or whether it was explicitly stated as part of the text 

(verbatim memory representation). In this study, short stories were presented to 82 

children, each containing a target event with either an explicit cause stated, implicit cause 

inferred, or no-cause stated or inferred. For example, in the explicit story version, 

children heard this story: Cindy's family went to the beach. Cindy made a sandcastle. A 

big wave hit it. (explicit cause) Her sandcastle got smashed, (target event) Her father 

helped her make another one. The results indicted that, across all ages, children made 

inferences about what they had read (mean number of appropriate inferences was found to 

range from 2.26-3.00 and was not significantly different across the age range). However, 

when kindergarten children internally made inferences regarding the cause of the target 

event, they were unable to determine whether the inference was stated explicitly or 

unconsciously inferred. When the text explicitly stated the cause of the target event. 
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kindergartners (m = 1.42 ) more often failed to attribute this to the text vs. first-third 

graders ( m = 2.50-2.78 ). Overall, the author attributed the children's ability to identify 

when they had made inferences from written text vs. when they had been explicitly stated 

in the text as developmental differences in children's ability to distinguish the source (or 

origin) of the inference. 

Other studies reporting developmental differences in false memory have attributed 

differences to underlying independent memory processes. In another study aimed at 

understanding developmental trends concerning children's memory errors of source 

information, Ackerman (1992) conducted four experiments with 102. 72. 54 and 30 

children, respectively, in grades 1. 2 & 4. The experiments were designed to test 

children for the impact of induction of causal inferences about events in stories. In all 

experiments, the children listened to stories comprised of seven or eight short sentences. 

Like Beal (1990), the stories were about common daily events (e.g., washing clothes, bike 

riding) and either included, an explicit statement about an event, i.e.. the clothes dryer 

was broken, or just implied the event. Children were tested for details (verbatim 

information), implied information (inferences other than the event), the event or object 

itself that was implied explicitly or implicitly, and finally, for the source of the intended 

object or event. Ackerman found children's inability to determine the origin of 

information (source errors) decreased with increased age, and stated that these 

developmental differences reflected the children's ability to access a verbatim record of 

the stories. Mean probabilities for source errors for first graders (.23) and second graders 

(.21) were similar and both higher than fourth graders (.13). Concerning memory for 
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source information, errors were minimized when instructions focused children on 

verbatim aspects of the story (mean probability of source error = . 11 vs. .25). Ackerman 

concluded that these findings were consistent with FFT's assumption that older children 

are more likely to make judgments based on gist memory representations, while younger 

children rely more on verbatim memory representations when they are available. This 

supports what FTTs predicts about developmental differences in availability of verbatim 

and gist memory traces. Inferences (implied information) were more frequent in the delay 

condition than the immediate condition for both second graders (mean = 86.7 delay vs. 

71.7 immediate) and fourth graders (mean = 91.7 delay vs. 78.3 immediate). These data 

are also consistent with FTTs assumption regarding memory availability, showing that 

over time, as the verbatim record of the stories faded, memory judgments are more likely 

to be gist based. 

Ackerman (1994), in a five part memory study, tested 108 children in each of four 

grade levels: kindergarten, first, second and fourth grade. For all experiments, children 

were tested by first having them listen to one of three versions of a short story containing 

dialogue describing a specific item (e.g., fruit, cookies, kites). Versions varied as follows: 

the informative story version included two details about the item in the last sentence; the 

contextually informative version included one detail that was given in the middle of the 

story and one at the end; and the ambiguous version included only one detail, given at the 

end. Children had to pick one item out of several that were presented in a picture, based 

on the information that was presented in the stories. They were then asked if the last 

sentence of the passage provided enough information to select the item. Experiment 2-5 
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varied test materials and procedures with the intent to further tease out contributing 

factors in source memory errors. Results from all experiments replicated Ackerman 

(1992) and Beal (1990) suggesting that children as young as kindergarten can determine 

whether they have the information necessary to reason (although this does improve with 

age, but they are different than older children in deciding where the necessary information 

came from, e.g., source determination. Source errors in E.xperiment 1 were found to 

decrease with grade after first grade (mean proportions = .58, .55, .38. and .16 with 

increasing grade). Data from Experiment 2 is consistent with this pattern (mean 

proportions = .54, .43. .31, and .14). Ackerman concluded that source errors are 

considerable for five-seven year olds but decrease with age and additionally, were found 

to be independent of reasoning as measured by a referential reasoning task. Source errors 

were most pronounced in younger children under experimental conditions that limited 

access to verbatim representations and less pronounced under experimental conditions 

that encouraged access to verbatim representations, i.e.. repetition of stated information. 

Research designs influenced by FTTs assumptions about memory development 

and its predictions about memory performance have contributed to the understanding of 

children's basic memory processes. Reyna & Keiman (1994) tested memory for premise 

and inference in six and nine year olds who listened to short stories about common 

objects and animals that consisted of three sentences describing spatial relationships (i.e.. 

The bird is inside the cage./ The cage in under the table./ The bird has yellow feathers.) 

and linear relationships (i.e.. The cocoa is hotter than the tea./ The tea is hotter than the 

coffee./ The cocoa is sweet.). One hundred children were given immediate and delayed 
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recognition tests for targets- the original sentences (presented premises) and distractors-

true sentences (original premise with altered wording), false sentences (non-presented 

premises) and inference sentences (true non presented inferences). Premise recognition 

(verbatim based memory judgment) was found to be independent of true inference false 

recognition (gist based memory judgment) for all children. Older children were better at 

identifying the gist than younger children . This age variability was attributed to younger 

children's verbatim retrieval preference, younger children attended to the original wording 

of the sentence which interfered with retrieval of the sentence meaning. Based on the 

assumption of memory independence and memory availability, the researchers predicted 

memory performance for the above findings. Experimental manipulations that resulted in 

dependency on memory for premises and inferences include, delayed testing and 

instructions emphasizing memory for the meaning of the stories. Thus, both older 

children and younger children's pattern of false memory tended to be based on gist 

memory representations and, therefore, looked more similar following a delay and when 

instructions emphasized meaning. 

Using the same sentence-verification paradigm, Reyna & Kieman (1995) tested 

children's memory for metaphors. One hundred children , ages six and nine, were tested 

using the basic sentence paradigm in Reyna & Kieman (1994), instead using three types 

of metaphors with the purpose of investigating the extent to which these metaphors and 

their interpretive gist conform to previously established patterns of false recognition. For 

example, given the following story: The woman was shopping in the grocery store./The 

woman saw the lost boy near the door./The woman was an aspirin, kneeling by the lost 
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boy. How likely are children to falsely recognize the metaphor; woman as an aspirin as 

the literal synonym- woman as medicine vs. as the perceptual interpretation- woman as 

round vs. the psychological interpretation- she made the boy feel better? Overall, the 

results indicated that metaphorical interpretations behave much like true inferences and 

are falsely recognized at an elevated level and more so in older vs. younger children. 

Acceptance rates for presented metaphors (verbatim based memory judgments) and true 

interpretations (gist based memory judgments) were independent. The authors concluded 

that presented metaphors cue verbatim memory, and interpretations of the metaphors cue 

gist representations. Over a delay, the false memory judgments for true psychological 

interpretations of the metaphors increased significantly beyond literal and perceptual 

interpretations indicating this type of interpretation of metaphors served as a better 

retrieval cue for the general meaning of the presented metaphor. 

In order to assess the contribution of memory limitations, reasoning deficits, and 

interference in processing deficits of language impaired and normal children. Kieman 

(1995), measured memory for sentences. Si.\ty-four language impaired and normal 

children, age eight -ten years old, were presented with short passages used by Reyna & 

Kieman (1994), and then given immediate and delayed recognition tests. Two 

experiments were conducted: one with instructions focused on meaning (comprehension 

paradigm) and the other with instructions focused on exact wording (sentence verification 

paradigm). In the comprehension paradigm, language impaired children's deficits were 

associated with memory judgments based on gist memory, but only when presentation of 

study materials was not accompanied by pictures. In the sentence-verification paradigm. 
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when instructions focused children on verbatim aspects of the stories, deficits in the 

language-impaired group resulted in limited verbatim level processing of information, 

which lowered recognition rates of presented information, i.e., lower memory for targets. 

Differences between groups were not found in the delayed test. Overall, these deficits 

were expected based on previously identified impairments in gist processing for language 

impaired children. However, deficits were confined to encoding at E.xperiment I 

(instructions emphasizing gist processing) and retrieval at Experiment 2 (instructions 

emphasizing verbatim processing) suggesting that the presence of conditions emphasizing 

processing gist, significantly disrupts the abilit\' of language impaired children to process 

verbatim level information beyond levels found in controls. These findings are consistent 

with predictions made by FTT regarding interference etTects resulting from the 

simultaneous processing of verbatim and gist level memory representations. Conditional 

probability analysis of test sentences was conducted to determine the extent to w hich test 

items were dependent. Under instructions emphasizing retention of the meaning of the 

short stories, both language impaired and non-impaired children's responses were 

positively dependent. Stochastic dependencies under instructional conditions that 

emphasize verbatim form, resulted in more comparisons that were independent or 

negatively dependent. 

Studies designed to measure memory errors provide an opportunity to test 

predictions made by FTTs. Predictions about the availability and independence of 

memory representations underlying memory errors in adults have been tested in a 

paradigm utilizing short stories containing repetition and contradiction (Reyna, 1996b). 
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Two experiments, in which 70 adult subjects participated, were conducted in order to test 

specific FTT predictions. The predictions are as follows: 1) repetition of verbatim 

information strengthens verbatim memory, 2) repetition of gist memory strengthens gist 

memory, and 3) if gist is presented by multiple speakers, repetition of the gist should lead 

to increased levels of false memory, as well as, increased memory for presented 

information. E.\periment 1 used an immediate test session and E.\periment 2 tested 

subjects following a I-week delay. All subjects listened to two short stories, each an 

account of the same event. The accounts varied in the information they included, with 

some information being repeated across accounts and other information being 

contradicted across accounts. Immediate and delayed recognition memory tests included 

information that was stated verbatim, implied, repeated or contradicted. The test 

consisted of sentences (targets) that had been presented once, twice, or contradicted and 

sentences (distractors) that had been implied in one account, implied in both accounts, 

contradicted, or never heard or implied. Results showed that information that was 

repeated verbatim or consistent with the meaning was better remembered than 

information that was presented once. Repeating information verbatim increases memory 

for presented information. Repeating the meaning of information increased the false 

memory rate for meaning consistent sentences (20% increase) and lowered the false 

memory rate for distractors that were inconsistent with the repeated information. After a 

week delay (E.xperiment 2), false memory for meaning consistent information increased 

by 13 %, and when combined with gist repetition, increased 58%. Contradiction of 

information disrupted memory for what has been stated (target acceptance rates decreased 
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by 13%) and increased false memory for what had been implied (increased false memory 

rates by 21%). This data is consistent with the fact that contradiction and repetition are 

predicted by FTT to have different effects on memory performance based on two 

assumptions about gist or verbatim memory: 1) cueing memory by verbatim repetition 

and gist repetition strengthens their respective memory representations; 2) verbatim 

memor\' is more susceptible to interference than gist memory. 

False Memory Research Supporting FTT's Fundamental Assumptions 

False memory research utilizing the DRM paradigm and short stories/sentence-

verification paradigm have provided strong evidence in support of two fundamental 

assumptions of FTT. First, memories are encoded in parallel and stored in two distinct 

memory systems-gist and verbatim. Because a gist representation stores a meaning 

separately from a verbatim representation of the same experience, it can be retrieved 

separately from a corresponding verbatim representation. Second, gist and verbatim 

memories vary in their resistance to decay. Verbatim memories fade more rapidly than 

gist and are sensitive to interference from prior gist retrieval (Reyna. 1995). The 

following sections will review selected literature relevant to these assumptions. 

When children and adults encounter information, memories are stored 

simultaneously as representations of specific veridical information (verbatim memories) 

and as representations of patterns, meanings or semantics (gist memories). Brainerd & 

Gordon (1994) demonstrated that memories for numerical gist were not strongly related 

to verbatim number memories. Forty-eight second grade students and forty-eight 

preschool students listened to 12 stories containing meaningiul numerical information. 
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For example, each subject would hear the following: Farmer Brown owns many animals. 

He owns 3 dogs. 5 sheep. 7 chickens. 9 horses and II cows. Subjects were tested for 

verbatim number memory (How many cows does Farmer Brown own?), global gist 

(Which of Farmer Brown's animals are the most?), and pairwise gist (Does Farmer 

Brown have more cows or more horses?). Results showed age differences for number 

memory test questions with older children's mean proportion correct higher (.77) than 

younger children's (.60). Younger children performed better on verbatim memory tests 

when they were given first, but memory performance was not affected by this ordering of 

the memory tests when young children answered gist questions. The ordering of the test 

questions did not affect memory performance-gist or verbatim- for the older children. 

Tests of stochastic dependency for numerical information (verbatim) and gist information 

(more, less, most) indicated that the children's ability to answer verbatim memory 

questions such as "How many cows does Farmer Brown have?" had no impact on their 

ability to answer gist memory questions, such as "Does Farmer Brown have more cows 

or more horses?" A second experiment was conducted with a similar methodology on 

112 second graders and preschoolers with an additional condition that children were 

instructed to pay attention to the gist iiuurmation. The findings from this experiment 

replicated previous results and, again, found stochastic independence of verbatim and gist 

test responses. Moreover, the added manipulation of instructions emphasizing memory 

for gist supplied further support for gist-verbatim independence. 

Memory independence has been demonstrated in many childhood reasoning tasks 

including, class inclusion, conservation, probability judgment, story inference and 
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transitive inference (Brainerd and Reyna, 1993). These study paradigms follow the same 

format in that children are presented with background facts that lead to some type of 

usual reasoning. Then children are given memory tests for both the verbatim and gist 

information. Consistently, reasoning test items (gist) are found to be independent of 

memory for verbatim test items. For a review, see Reyna & Brainerd (1995a). 

Empirical support for dissociated retrieval of gist and verbatim memory comes 

from studies in which levels of true and false memory are independent, where 

experimental manipulations are identified that affect false memory rates (gist based 

memory judgment) and true memory accuracy rates (verbatim based memorv'judgments) 

differentially. Both Ackerman (1992.1994) and Reyna & Kieman ( 1994.1995). 

previously discussed, fall into this category. 

In addition, developmental differences in memory performance have been 

attributed to decreases in source errors (a gist based decision making process). In an 

attempt to tease out developmental differences in source errors. Ackerman (1992) and 

others, have attributed their findings to differential accessibility of verbatim information. 

Likewise, the conclusions about developmental differences in children's source errors 

noted by Ackerman (1994) support F1 T's assumption of independent gist and verbatim 

memory processes, with gist representations being implicated in source misattributions. 

Further support for the dissociation of verbatim and gist retrieval processes comes 

from two experiments using modified instructions to increase the likelihood that gist 

representations would be accessed (Brainerd & Reyna, 1998a, (Cieman, 1995). 

Instructions emphasizing recognition decisions based on meaning-consistent information 
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increased the false recognition effect because critical items in the recognition test were 

more effective at cueing gist memories. 

The DRM word list studies indirectly support the distinction of parallel storage 

processes as stated previously. FTT postulates that memories are stored in two distinct 

ways. When information is encountered, memories are stored simultaneously as 

representations of specific veridical information (verbatim memories) and as 

presentations of patterns, meanings or semantic information (gist). When information 

concerning a central theme is repeated, as in the list learning task where subjects hear a 

list of related words, the memory trace for the gist is strengthened. Previous studies have 

found that repetition of exact information increases verbatim memory performance 

(Reyna, 1996b), making access to verbatim memories more likely. FTT would predict 

that similar to verbatim information, repetition of related information would strengthen 

the underlying gist representation and make it more accessible during retrieval (Reyna. 

1996a). In the DRM learning tasks, subjects are exposed to word lists containing words 

that repeated the theme (related information) of the list and thus strengthen the gist trace 

for that list's central theme. Payne et al (1996) reported that when list length was short 

(fewer related words were presented), false memory effects were lowered. Roediger and 

McDermott's (1995) results using DRM word lists of varying length, reported false 

memory results consistent with this prediction. Brainerd & Reyna (1998a) also found that 

the false alarm rates varied in relation to gist strength as measured by the number of times 

memory was cued during the study session. This would be predicted by FTT because gist 



51 

representations form the basis for false memory judgments. When gist representations 

are more accessible false memory rates increase. 

Dissociated Verbatim-Gist Retrieval 

During memory tests, subjects retrieve information that was stored prior to the 

time of test. Since FTT contends that judgments on memory tests are based on either 

verbatim or gist representations, then memory questions act as retrieval cues and largely 

determine the type of memory representation- gist or verbatim- that is retrieved. In false 

memory studies, gist retrieval is considered the primarv' basis for false memory effects. 

While verbatim and gist memories can support accurate memory judgments in studies of 

false memory, the retrieval of gist memories is what is responsible for elevated false 

alarm rates. Elevated levels of false recognition in standard word recognition studies 

have been shown to be attributed to delays between study and test. FTT predicts 

increases in false recognition under conditions that favor gist retrieval such as. the DRM 

paradigm. Such is the case in the DRM paradigm where gist memory has been repeatedly 

cued during the study session and then again at test. Roediger & McDermott (1995) were 

the first to report levels of false alarms to critical targets as high or higher than accurate 

memory for presented words. Subsequent studies replicated their findings of elevated 

levels of false alarms to critical items (Payne et al., 1996; Brainerd & Reyna, 1998; 

Robinson Roediger, 1997 Melo, Wincur& Moscovitch, 1999; Stadler, Roediger and 

McDermott, 1999) providing additional support for FTTs distinction between gist and 

verbatim retrieval processes. 



52 

Studies using subjects with known brain dysfunction also support FTT's 

assumption of memory independence by demonstrating how repeated cueing of gist 

memory increases false memory effects. In studies using DRM word lists with amnesic 

patients (a population shown to have deflcits in processing semantic information), false 

recognition effects were found to be lower in amnesics than controls. Findings of 

suppressed false memory in amnesic patients over controls was attributed to amnesics' 

degraded gist processing which resulted in lower false recognition rates for this 

population (Schacter. Verfaellie & Pradere. 1996; Melo. Wincur & Moscovitch. 1999) 

Gist and Verbatim Memory Trace Availability 

Gist and verbatim memories vary in a number of important ways. First, verbatim 

memories are representations of information that has actually been encoded, whereas gist 

memory representations are the result of the retrieval of information, and subsequent 

storage, based on what was encoded. Because of this, gist memories are harder to store 

than verbatim memories. Although verbatim memories are easier to store, they are harder 

to retain than gist memories. It seems that verbatim memory representations are sensitive 

to retroactive interference (Reyna, 1995). Finally, concerning memory development, 

older children are able to encode gist information more readily than younger children. 

Older children also can retain verbatim information better than younger children, it 

seems, because older children are more resistant to retroactive interference. Basic 

memory research has provided answers to three important questions concerning verbatim 

and gist forgetting. First, does the rate at which information is forgotten vary with age? 



Second, does reminiscence- the ability to recover forgotten information purely as a 

consequence of repeated interrogations- develop? And third, do memory tests inoculate 

children's memories against forgetting? For a review see Brainerd (1996). 

Concerning the development of forgetting. Brainerd and Reyna (1995) conducted 

two experiments, each with 50 and 60 children respectively (second graders and sixth 

graders). The purpose of the experiments was to generate data to conduct a comparative 

analysis with the aim of understanding the relative contributions of learning rate and 

learning opportunities to forgetting rates. Children learned lists of si.xteen nouns by 

listening to the list and then recalling the words. Presentation and recall was continued 

until the children could list all 16 presented words twice, consecutively. Learning rate, as 

measured by mean error per item was reported to be significantly larger for second 

graders than for sixth graders (p < .0001). Forgetting rate was also significantly larger for 

second graders (p < .0001). Findings were reported to be consistent with causal paths 

between age and forgetting rate and age and learning rate. Experiment 2 added the 

learning of abstract nouns to the list of words learned. Results from Experiment I were 

replicated, i.e., abstract nouns were forgotten more rapidly by younger and older children. 

Results support FTTs prediction that age differences in forgetting are due to age 

differences in retention of verbatim information and not differences in learning rate. 

Differential forgetting rates for gist and verbatim memories also lead to increased false 

memory. Retention over a 24 hour delay was tested in a DRM paradigm, and false 

alarms to critical distractors persisted over time at a rate greater than memory for 

presented words (p < .027) (Payne et al., 1996). 



54 

Another important study measured true-memory and false memory creation. 

Bainerd and Reyna C1996) tested 40 kindergarten and 40 third grade children for the 

purpose of measuring the effects of repeated recognition testing. Children listened to a 

list of 100 common words and were then given an immediate and delayed recognition 

test. Results demonstrated that accurate memory, as measured by proportion correct, was 

significantly greater for items that were tested on the immediate test in both five year-olds 

(.67 vs. .62) and eight year-olds (.76 vs. .62). Conditional probabilities between YES 

responses on the immediate test and delayed test were varied from .61-.87. consistent 

with prior studies (Reyna & Kieman. 1994). E.xperiment 2 tested the mere-testing effect 

(prior testing influence on subsequent testing), varying the time between the study session 

and the initial test session. Eighty more subjects. 40 kindergartners and 40 third graders 

were tested with results indicating that administering the initial memory test 1 week after 

the study session increased false alarms rates beyond levels found in Experiment 1. False 

memory levels were also measured for distractors that appeared on the two week test, as a 

ftmction of whether they appeared on the one week test. Prior testing had a significant 

effect and false memory was measured to be about twice the rate found in E.\periment I 

(.34 vs.. 18). Theoretical mechanisms responsible for the mere-testing effect were 

divided into the effect of repeated testing on true-memory inoculation (preservation of 

memory for targets) and the effect of repeated testing on false-memory creation 

(increased false memory for distractors). For protection of memory for targets, verbatim 

memory traces are preserved by repetition of the target during the first recognition test, 

while false memory creation can be attributed to: a) a new verbatim memory of the target 
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being formed during the first recognition test and thought to be something originally 

presented, or b) retrieval of gist memories that share meaning with the original presented 

material. Stability of false memories over time has been replicated in children (Brainerd 

& Mojardin, 1998) and adults (Payne et al.. 1996). For a review of false memory 

persistence, see Brainerd and Poole (1997). 

Age variability in memory performance is dependent on the development of 

forgetting, as well as, the development of resistance to interference from competing 

memory representations. Reyna (1995) describes interference relevant to age variability 

in memory performance as: I) output interference (verbatim-to-gist interference) or gist-

to-gist interference. Output interference occurs when the accuracy of verbatim memory 

performance is decreased due to other processing such as prior reasoning questions (gist 

processing) or even generic questioning. Evidence implicating output interference in 

degraded verbatim processing comes from false memory studies that measure stochastic 

dependency for recognition judgments of presented sentences and true inferences (Reyna 

& Kieman, 1994). Other studies demonstrating the effect of output interference have 

found that when gist supported memory questions are tested before source attribution 

questions, source errors increase (e.g., verbatim based memory judgment) (Ackerman, 

1992). Turning to gist interference, two types; gist-to-gist and verbatim-to-gist 

interference contribute to memory errors. Gist-to-gist interference occurs when the 

wrong gist representation is retrieved, while verbatim-to-gist interference is the result of 

retrieval of verbatim representations when gist is necessary. The optimization model of 

FTT, predicts that recall will proceed in a weaker to stronger to weaker direction. For a 



56 

review of experimental evidence supporting this model, see Brainerd (1995). According 

to the optimization model, in a free recall task, recalling of words begins by recalling 

weak words with low associative strength, and then when output interference builds up, 

recall switches to strongly associated words. 

Summary 

Most false memory studies in children have historically been fueled by questions 

about the veracity of children's courtroom testimony. While causes of memory errors 

have been attributed to both internal (cognitive) and external (social) factors, unconscious 

cognitive mechanisms have been shown to be responsible for memorv- errors in laboratory-

studies using standard recall and recognition memory procedures. 

Studies utilizing DRM word lists with adult subjects have reliably produced false 

memorv- that conforms to FTT's assumptions about memorv- and reasoning independence 

(Stadler, 1999; Payne, Elie, Blackwell & Newschatz, 1996; Brainerd & Reyna, 1998b; 

Schacter. Verfaellie & Pradere. 1996). Memorv- data using these DRM word lists, shows 

false recall and false recognition at levels as high as memory for presented words (Payne 

et al.. 1996; Roediger & McDermott, 1995; Stadler et al.. 1999). DRM lists also have 

produced false recall in adults who report high levels of confidence in their memory 

accuracy (Roediger & McDermott, 1995) and false recognition that varies with the level 

of instructions emphasizing meaning-consistent information (Brainerd & Reyna, 1998a). 

Finally, false memory induced by DRM lists shows variation in individual list 

effectiveness (Stadler et al., 1999), varies according to strength of associative words 

(Robinson & Roediger, 1997), and is lower in amnesics (Schacter et al., 1996). 
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False memory studies originating with the classic Bransford and Franks (1971) 

studies have demonstrated that children and adults will falsely recognize, as initially 

presented, information that is consistent with the meaning of presented sentences. 

Subsequent developmental data shows that even young children store in memorv' 

information that is consistent with presented ideas, whether they are generating and 

storing inferences themselves or storing inferences that were supplied to them (Beal. 

1990). Many of these studies attributed false memory phenomenon to constructive 

memory processes in both children and adults, a process by which memories are encoded 

in an integrated manner based on semantic relatedness. The contructivist view assumes 

that both true and false memory performance relies on a unitary memor>' representational 

svstem where memory judgments are based on integrated verbatim and gist 

representations. The explanation of false memory effects, as a by-product of unconscious 

constructive memory processes, has been the prevailing theoretical viewpoint until 

recently (Reyna. 1998). Later memory studies using sentences and short stories show-

improvements in memory for the source (Ackerman, 1992) that are independent of 

memory for reasoning (Ackerman, 1994). Children's memories for premises (verbatim 

based) and inferences (gist based) were found to be independent (Reyna «& Keiman, 

1994) and manipulations that resulted in dependency included, a delay in time testing and 

instructions emphasizing meaning. Further, Reyna & Keiman's (1995) study using 

metaphors (verbatim based) and interpretations (gist based) had similar findings, 

providing more support for FTT's assumption of memory independence. Reyna (1996b) 

demonstrated that when memory for short stories with repeated or contradicted memory 
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performance was enhanced or disrupted depending on the type of memory trace that was 

retrieved. Repeating information verbatim or the gist increased memory performance for 

presented information, while contradiction within a story disrupted memory for what has 

been stated (verbatim memory) and increased false memorv' for what has been implied 

(gist memorv ). Paradigms that produce false memorv' effects provide the perfect 

opportunity to investigate the responsiveness of young and older children to factors that 

are known to increase memory errors. Fuzzy-trace theory (FTT) provides the framework 

for the design and interpretation of children's false memory paradigms, as well as, 

forming the basis for making predictions about age differences in memory performance. 

The next chapter will detail the method and procedures used in the present study. 
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CHAPTER III 

Methodology 

This chapter describes the method utilized in the study, including a description of 

the subjects, materials used, and the procedure followed for data collection. Also 

included is a description of the manner in w hich the data was analyzed. The researcher 

collected all data. 

Experiment 1 

Subjects 

A total of 120 subjects from elementary schools in the Salinas Citv' Elementarv' 

School District. Salinas. California and Equinox School. Areata. California were tested. 

Two age groups were tested. The first group, a younger group (ages 5-7). consisted of 60 

Ky'l students. (All available kinder age children were tested with the difference being 

made up by 1st graders.) The second group, an older group (ages 10-12). consisted of 60 

5/6 grade students. (All available 6th graders were tested with the difference being made 

up by fifth graders.) Both groups had equal numbers of boys and girls. 

Design 

This experiment was a 2.\2x2.\2x4 factorial design. The between subjects factors 

were: age (2 levels: YOUNG - kindergartners and first graders versus OLD- fifth and 

sixth graders) and list order (2 levels: forward, backward). The within subjects factors 

were: recall (2 levels: recall, no recall); list strength (2 levels: high, low); recognition test 

items (4 levels: targets, critical distractors, related distractors-non-presented items from 
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presented lists, unrelated distractors-critical distractors and list items from non-presented 

lists); and time of recognition test (2 levels: inrunediate. delayed). 

Materials 

Study materials consisted of 16 DRM words lists from Stadler et al. (1999). For a 

complete list of DRM lists see Stadler et al. (1999) appendi.\ 1. These word lists were 

composed of common associates (example: moth, insect, wing, bird, fly. yellow, net. 

pretty, flower, bug, cocoon, color) related to a critical word (ex. butterfly). In Stadler et 

al.'s study. 36 word lists were ranked from highest to lowest on the proportion of subjects 

who recalled the critical word when asked to free recall the list. For the present 

experiment, eight word lists were selected from the top of Stadler's ranking (those word 

lists with the highest proportion of false recall of critical targets) and eight word lists 

ranking lowest (those lists with the lowest proportion of false recall of critical targets). 

According to Stadler et al., the eight critical targets recalled at the highest rate are: 

window, sleep, smell, doctor, sweet, chair, smoke, rough and recalled at the lowest rate 

are: king, fruit, lion, thief, man, army, high, and shirt. For entire rank ordering see Tables 

lA 4&1B of Stadler et al. (1999). 

DRM word lists were randomly ordered and recorded onto four tapes. See Table 

A for examples of DRM word lists. The first tape was a randomly generated list modified 

to allow for a ma.\imum of 2 HIGH or LOW lists together. The second tape was the 

reverse order of the first tape. The third tape started in the middle of the first list order 

and went to the end (positions 9-16) and then to the first of the list to the middle 

(positions 1-8). The fourth tape will be a reordered version of the first list as follows: 
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first positions 8-1, followed by positions 16-8. The same procedure will be used for the 

backward order lists (see Appendix A). All lists were recorded on an audio tape in the 

examiner's voice at a rate of one word every two seconds. 

TABLE A 

E-xamples of DRM Word Lists: Experiment 1 

Critical Unpresented Word Presented Word List 
DOCTOR NURSE, SICK, LAWYER. MEDICINE. HEALTH. 

HOSPITAL, DENTIST, PHYSICIAN. ILL PATIENT. 
OFFICE. STETHOSCOPE 

SWEET SOUR. CANDY, SUGAR, BITTER, FOOD. TASTE. 
TOOTH. NICE, HONEY. SODA. CHOCOLATE. HEART 

The immediate recognition test was presented orally and composed of 64 

randomly ordered words. Immediate recognition test consisted of four targets and four 

distractors for 8 of the presented DRM word lists. See Table B for examples of test 

items. Four targets were chosen from each presented list, selected from serial positions. I -

3,4-6, 7-9, 10-12. Items were chosen from serial position ranges, (as opposed to Stadler 

et al.'s (1999) positions 1. 8, 10) in order to maximize word familiarity for children 

participants. 
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TABLE B 
Composition of Recognition Test Items 

Test Item Definition 
E.xperiment 1 

Targets 

Targets Presented DRM list words (e.g., NURSE. DOOR. SOUR, 
TABLE. BED) 
Distractors 

Critical Distractor Unpresented critical word from DRM lists (e.g.. DOCTOR. 
WINDOW, SWEET. CHAIR. SLEEP) 

Related Distractor Unpresented word from presented DRM lists (e.g.. 
SURGEON. SCREEN. CAKE. SITTING. YAWN) 

Unrelated Distractor Unpresented words from unpresented DRM lists (e.g.. 
KITTEN, BROWN. ART, SISTER. DRINK) 

Unrelated Critical Unpresented critical words from unpresented DRM lists 
Distractor (e.g., SOFT. BLACK. MUSIC. GIRL. CUP) 

Whenever possible words were selected based on how familiar they would be for the 

children in the younger age group. The non-presented critical distractor and a non-

presented related word (taken from serial position 13-15 of the presented DRM word 

lists) were the related distractors in the recognition test. Unrelated distractors were of two 

types, a critical distractor from an non-presented DRM word list and a word from the IS

IS serial position of the same list (See Appendi.\ B). Following random ordering of 

words, the entire recognition test list was modified to ensure that words from the same 

lists were not presented in close proximity to each other, i.e.. within two words of each 

other. Word recognition studies using verbatim-priming methodology (i.e., tests with 

targets followed closely by meaning consistent related distractors) have shown that 

exposure to targets on a recognition test cue verbatim memory and decrease false 
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recognition effects for related distractors that are presented closely following these targets 

(Brainerd, Reyna & Kneer, 1995). In addition, immediate and delayed recognition tests 

were counter balanced to ensure that lists were counter balanced across conditions. 

The delayed recognition test materials was identical to the immediate yes/no 

recognition test but consisted of four targets and four distractors for all 16 of the 

presented DRM word lists. 

Procedure 

A single female experimenter tested each child. Consent to participate was 

obtained from both the parent/guardian and the child. Children were tested individually 

in quiet rooms w ithin their school. The child was briefed prior to the testing session and 

reminded that their participation was optional. 

Participants were randomly assigned to the forward or backward order condition, 

and the immediate or delayed condition. In the forward condition, the individual lists 

were presented to one-half the subjects in a forward order (words with the strongest 

associate strength presented first). In the backward condition participants were presented 

the DRM word lists in a backward order (words with the lowest associate strength 

presented first). In the immediate testing condition, the recognition test was given 

following presentation of all the lists. The delayed testing condition tests for word 

memory following a 1-2 day delay. There was an initial study session for all subjects. 

Half of the participants were asked to recall the lists and half were asked to find Waldo. 

All participants were given an immediate recognition test and return 2-3 days later to be 

retested. See Appendix F for instructions. 
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Conditions 

Study and Free recall or bufYer. 

After an initial period of familiarization, the subjects were reminded that their 

participation is voluntary and they may stop at any time during the test. The children 

were then instructed to listen to a tape recording of lists of familiar words. They were 

told to pay close attention to the words and try to remember them. Subjects then listened 

to the 16 lists of words. Following the presentation of each list, one-half of the subjects 

were given two minutes to verbally recall as many words as they can from the list they 

just heard. Responses were recorded. The other one-half of the subjects spent one 

minute (following the presentation of each list) finding Waldo in a hidden figures test 

"Where's Waldo?" (Handford. 1987). "WTiere's Waldo" is a familiar hidden figures task 

w here the object is to locate Waldo in a drawing of a crowded scene (e.g.. at the beach, at 

a sporting event). Ordering of recall and "Where's Waldo?" was done randomly, 

however, recall and Waldo conditions were first in the order an equal number of times. 

In addition, the first two list alternated Waldo/recall or recall/Waldo. A ma.\imum of two 

recall tests or Where's Waldo occurred together. After all the lists had been presented 

and recalled (or "WTiere's Waldo?"), all subjects were asked to complete an immediate 

yes/no recognition test. 

Immediate recognition test. 

All children were administered a yes/no recognition test immediately following 

the presentation of the lists. Children were instructed to say "\'es" to words that were 

heard on the audio tape and "no" to words that were not heard on the audio tape. 
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Children were told that they should be careful to only say "yes" if they heard the word on 

the tape and say "no" if the word was not heard on the tape. The test was started after the 

child has shown a clear understanding of the instructions. Following the test, the child 

was thanked for their participation and returned to class. 

Delayed recognition test. 

All subjects returned 1-2 days later for a delayed recognition test. 

E.\periment 2 

Subjects 

A total of 96 subjects from the Salinas City Elementary School District. Salinas. 

California and Equinox School. Areata. California were tested. Two age groups were 

tested. The first group, a younger group, consisted of 54 K/1 students. (All available 

kinder age children were tested with the difference being made up by 1st graders.) The 

second group, an older group, consisted of 54 5/6 grade students. (All available 6th 

graders were tested with the difference being made up by fifth graders.) Both groups had 

equal numbers of boys and girls. 

Desijgn 

This experiment was a 2x2x4x4 factorial design. The between subjects factors 

were: age (2 levels: younger, older). The within subject factors were: time of recognition 

test (2 levels; immediate , delayed); type of repetition (4 levels: control, verbatim, gist, 

contradiction); and recognition test items (.4 levels: target, related distractor. false 

distractor, unrelated distractor). 
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Materials 

Study materials. 

Study materials consisted of 24 short stories adapted from children's easy reader 

books. Each story contained si.\ sentences describing people and events in a typical story 

format. Stories were modified to create different versions of the same story. Story 

versions varied from the control condition in three ways, as follows: 1) a sentence in the 

story was repeated verbatim, 2) a sentence in the story repeated the gist (two sentences 

convey the same meaning using different words), and 3) a sentence in the story 

contradicted an earlier sentence. See Table A for an example. 

TABLE C 

Short Storv Versions: Experiment 2 

Control Version 
Sally had a fever and stayed home from school in bed. She watched her favorite videos. 
Sally's mom brought her crackers and soda. She listened to music. She loved sick days. 
Sally wanted to stay home another day. 
Verbatim Repetition 
Sally had a fever and stayed home from school in bed. She watched her favorite videos. 
Sally's mom brought her crackers and soda. She listened to music. She watched her 
favorite videos. Sally wanted to stay home another day. 
Gist Repetition 
Sally had a fever and stayed home fi*om school in bed. She watched her favorite videos. 
Sally's mom brought her crackers and soda. She listened to music. She watched movies 
she especially liked. Sally wanted to stay home another day. 
Contradicted Version 
Sally had a fever and stayed home fi'om school in bed. She watched her favorite videos. 
Sally's mom brought her crackers and soda. She listened to music. She didn't feel like 
watching videos. Sally wanted to stay home another day. 
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Each story began and ended with a buffer sentence- only interior sentences were 

manipulated. Sentence position 2 and 3 contained information that was repeated or 

contradicted. One-half of the time the 2nd sentence was repeated or contradicted and 

one-half of the time the 3rd sentence was repeated or contradicted. The verbatim 

repetition, gist repetition and contradiction occurred within a story version at the 5th 

sentence position, based equally on sentences from the 2nd and 3rd position. In order to 

hold story length constant, the original 5th position sentence was omitted. 

Four lists of stories were created to counterbalance for story type. i.e.. control, 

verbatim or gist repetition, and contradiction. In these four conditions, the stories with 

verbatim repetition in one list, had gist repetition and contradiction and control in the 

second, third and fourth lists. These four lists of stories were created as follows: 

• Condition 1 -Group A stories presented as control. B stories presented as verbatim 

repetition, C stories presented as gist repetition, and D stories presented as contradictions: 

• Conditions 2- Group B stories presented as control. A stories presented as 

verbatim repetition. D stories presented as gist repetition, and C stories presented as 

contradictions; 

• Condition 3- Group C stories presented as control, D stories presented as verbatim 

repetition, A stories presented as gist repetition, and B stories presented as contradictions; 

• Condition 4- Group D stories presented as control, C stories presented as verbatim 

repetition, B stories presented as gist repetition, and A stories presented as contradictions. 
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See Appendix C for story Group A,B,C,D and Conditions 1-4. The four lists were 

randomly ordered with the exception of the first four stories containing one story of each 

version type. 

Recognition test. 

The immediate recognition test was presented orally and consisted of 32 

randomly ordered memory probes. Targets and distractors were created based on 8 of the 

16 stories. Each story had four corresponding test items. Memory probes were made up 

of the following: 1) Targets (T) -presented story sentence that were repeated verbatim. 

gist or contradicted; 2) Related Distractor (RD)- a paraphrase of a target sentence that was 

repeated verbatim, gist or contradicted: 3) False Distractor (FD)- a false paraphrase of the 

target sentence that was repeated verbatim, as gist or contradicted: and 4) Unrelated 

Distractor (UD)- an irrelevant statement that contained words from the story but was not 

related to the stor\'. Table D contains an example of a story, and memory test items. Four 

story versions were presented and then 8 memory test items were administered. 
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TABLE D 

Test Items: Experiment 2 
Targets 

Targets 
Verbatim Repetition 
Gist Repetition 
Contradiction 

She watched her favorite videos. 
She watched her favorite videos. 
She watched movies she especially liked. 
She didn't feel like watching videos. 

Distractors 

Related Distractor 
False Distractor 
Unrelated Distractor 

She watched some favorite movies. 
She didn't want to watch any movies. 
She watched a movie at school. 

Test Items 
TARGET- She watched her favorite videos. 
RELATED DISTRACTOR*-She watched some favorite movies. 
FALSE DISTRACTOR**- She didn't want to watch any movies. 
UNRELATED DISTRACTOR- She watched a movie at school. 

*This sentence is a paraphrase of the gist repetition of the target, e.g., the sentence has the 
same meaning as both the target and its gist repetition, but not exactly the same as either 
the target or its gist repetition. 

**This sentence has the same meaning (but different wording) as the contradiction 
statement of the target. 

Alternating story version presentation and memory testing were continued until all 16 

story versions and test items had been administered. To control for short-term memory 

effects, the first four memory items did not correspond to story versions that were just 

presented. See Appendix D for story versions and memory test items. One to two days 

later a delayed memory test was presently orally, consisting of 64 memory probes 

randomly ordered for each child. This test included a re-administration of the 32 memory 
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probes from the immediate test and 32 memory probes for the eight stories that were not 

tested on the immediate test. See Appendix E for immediate test and delay test items. 

Procedure 

A single female experimenter tested each child. Consent to participate was 

obtained from both the parent/guardian and the child. The child was briefed prior to the 

testing session and reminded that their participation was optional and that they could stop 

the testing at any time and return to their classroom. 

Participants were tested individually in a quiet room within their school. All of 

the children were given a recognition memory test following each block of four presented 

stories and then returned 2-3 days later for a delayed recognition test. 

Each child was assigned to one of the four conditions. In each condition, the child 

listened to a total of 16 stories, four containing no sentences that were repeated or 

contradicted, four containing a sentence that was repeated verbatim, four containing a 

sentence with it's gist repeated, and four containing a sentence that was contradicted. 

Study and immediate recognition test. 

After an initial period of familiarization, the subjects were reminded that their 

participation was voluntary and they could stop at any time during the test. The children 

were then instructed to listen to a tape recording of short stories. They were told to pay 

close attention to the stories because later they would be asked to recognize them. The 

audio taped stories were presented at a pace similar to the pace an adult would use when 

reading a story to a young child. The tape was stopped after blocks of four stories have 

been read. Following the presentation of each block of stories, a memory test containing 
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eight sentences was administered. Children were instructed to say '"yes" to exact 

sentences that were heard on the audio tape and "no" to sentences that were not heard on 

the audio tape. Children were told that they should be careful to only say "yes" if they 

heard the exact sentence on the tape and say "no" if the sentence was not heard on the 

tape. Following the test, the child were thanked for their participation and returned to 

class. 

Delayed recognition test. 

All of the participants returned 1-2 days later for a recognition test. The stories 

that were originally presented were not repeated. The delayed recognition test contained 

the same 32 sentences that were in the immediate recognition test plus the remaining 32 

test items from the other one-half of the 16 stories. Administration of the sentences w as 

continuous. Children were instructed to say "yes" to exact sentences that were heard on 

the audio tape and "no" to sentences that were not heard on the audio tape. Children were 

told that they should be careful to only say "yes" if they heard the exact sentence on the 

tape and say "no" if the sentence was riot heard on the tape. Following the test, the child 

were thanked for their participation and returned to class. See Appendix F for 

instructions. 
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CHAPTER IV 

Results 

Experiment l-DRM Lists 

Recall of DRM Lists 

Recall data obtained from children, after exposure to DRM word lists, was 

analyzed in the following manner. First, mean rate of correct recall for all target words 

was calculated according to each word's serial position within the DRM list. Second, all 

data were analyzed to rank the 16 DRM lists for their ability to produce false recall of the 

critical word. Third, the mean false recall of critical words was compared to mean values 

of targets in each serial position for both groups of children. Fourth, mean levels of recall 

were calculated for targets, and three types of intrusions- critical words, words related to 

list themes and words that violate the list's theme. Mean recall for these recalled items 

was calculated across high/low list strength and forward/backward presentation order. 

Fifth, mean values of true and false recall were found for list strength, presentation order 

and age. Finally, analyses of variance (ANOVA) were performed to determine age 

differences in word recall for high and low DRM lists, as well as. forward and backward 

presentation order. Additionally, post hoc Tukey HSD analyses were done to look at age. 

item, and strength interactions. 

Mean rate of correct recall for target w ords. 

Concerning true recall, younger children recalled an average of 2.7 words per list, 

while older children recalled 5.8 words per list. Table 1 depicts mean correct recall of 

target words according to their serial position and order of presentation. Both younger 



73 

and older children recalled targets at a rate that conforms to normal serial position curve 

effects, i.e., higher mean values of recall were observed for early serial positions 

(primacy) and for later serial positions (recency) than for words presented in the middle 

positions. 

DRM list ranking according to levels of recall of critical words. 

Percent false recall of the critical word for each of the specifically prepared DRM 

lists was calculated. Table 2 ranks the critical word according to age and includes adult 

rankings established by Stadler et al. (1999). Levels of false recall of the critical word 

ranged from 7%-63% for older children, and 0%-l 7% for younger children. Relative to 

the DRM lists that produced the most adult false recall, older children falsely recalled, at 

a higher rate, critical words from five of the eight highest ranked DRM lists. Younger 

children falsely recalled, at a higher rate, critical words from three of the eight highest 

ranked DRM lists. Overall, relative to adult false recall levels (.40). older children falsely 

recalled fewer critical words (.27) and younger children's false recall of critical words 

was near floor levels (.07). 

False recall as it relates to serial position means. 

Means levels of false recall for younger and older children were compared to 

mean target recall values at each serial position. For both older and younger children, 

false recall of critical words were lower than true recall of presented words in all serial 

positions. Across all list types, older children's mean recall of critical words (.27) was 

lower than levels of recall in the middle serial curve positions (.42). However, when the 

eight high strength lists were considered separately, older children's mean recall of 
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critical words (.35) more closely approached levels of recall in the middle serial curve 

positions (.41). 

Mean levels of false recall for each distractor tvpe. 

Mean recall values were calculated for three false recall types: I) critical word 

intrusions (the highest associate of the just presented DRM list); 2) same-meaning 

intrusions (words with similar meaning as the previously presented DRM list): and 3) 

earlier list intrusions (words inconsistent with the previously presented DRM list that 

were targets presented in prior lists.) Means for false recall of each distractor type were 

derived by dividing the total number of each type of falsely recalled item for each subject 

by the number of lists recalled. (See Table 3 for mean values.) In younger children, the 

proportion of false recall of critical words (.07) was lower than false recall of similar 

meaning words (.16) and words from previous lists (.16). While in older children, the 

reverse was true. Older children's proportion of false recall of critical words (.27) was 

higher than false recall of similar meaning words (.17) and words from previous lists 

(.02). Paired-samples t tests showed that, in younger children, false recall was lower for 

critical words than for similar meaning words. t(62) = -3.832. p < .0001 two-tailed, and 

for words from previous lists, t(62) = -2.705, p < .009 two-tailed. Older children's false 

recall was higher for critical words than for similar meaning words. t(59) = 3.990. p < 

.0001 two-tailed, and for words from previous lists, t(59) = 10.332. p < .0001 two-tailed. 

For younger children, false recall of words that were inconsistent with the list's theme 

(earlier list intrusions) occurred at a higher rate than critical words (.16 versus .07) and at 

the same rate as similar meaning words (.16 for both), which suggests that young children 
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were not processing list themes to the extent that would inhibit their recall of words 

unrelated to the just presented DRM list. Older children recalled more words that were 

studied, and they rarely recalled words that violated the list's theme (target recall = .49 

versus earlier list intrusions =.02). while younger children falsely recalled words that 

violated the list's theme at levels near their own level of true recall (target recall = .23 

versus earlier list intrusions = .16). Older children suppressed the recall of words that 

were inconsistent with the list's theme - only 2% of their recall were earlier list 

intrusions. 

Mean levels of true and false recall. 

Mean proportions of younger and older children's true recall of target words and 

false recall of critical words are presented in Table 4. An ANOVA was computed for 2 

(age: younger vs. older) x 2 (item recall: critical word vs. list word) x 2 (list strength: 

high versus low) x 2 (order: forward vs. backward) in order to detect differences in the 

number of items recalled by younger and older children for each DRM list. Main effects 

(differences within levels of one factor, i.e., age) and interactions (differences in one 

factor, i.e.. age. that are attributed to a particular level of another factor, i.e.. list strength) 

will be reported. Mean differences in recall reported in this analysis were significant at 

or beyond the p < .05 level. Significant main effects were found for age. F (1, 121) = 

215.70, mse = .008, p < .0001, item F (1, 121) = 150.92, mse = .007, p < .0001, and list 

strength, F (1, 121) = 4.06, mse = .005, p < .046. Significant interactions were found for 

item X list strength, F (1, 121) = 18.71, mse = .016, p < .0001, age x strength F(l, 121) = 

12.23, mse = .02, p < .001, and age x item x list strength interaction, F (1, 121) = 6.91, 
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mse = .016, p < .01. The manipulation of order did not produce a significant main effect 

or interact with other levels of factors to a significant degree. 

Concerning main effects, older children recalled more than younger children did 

(.49 vs. .23), true recall (.36) was greater than false recall (.18), and words from high lists 

(.28) were recalled more than words from low lists (.25). Two additional two-way 

interactions were significant, but were constrained by the three-way interaction age x 

item X strength. Results are reported primarily in terms of this 3-way interaction. 

A post hoc Tukey HSD analysis of the three-way age x item x strength interaction 

produced the following results. (See Table 5) Developmental increases in both true and 

false recall were found. Recall of high targets (.28). low targets (.23), high critical words 

(.28) and low critical words (. 13) all increased significantly with age. Developmental 

increases, across high and low lists were greater for true recall (.26) than false recall 

(.21). True recall exceeded false recall for both older children (.49 versus .28) and 

younger children (.23 versus .07). Older children's true recall was consistent across high 

and low lists (.49 for both), while their false recall of critical di^'tractors was significantly 

greater for high lists (.36) than for low lists (.20). This was not the case for younger 

children. Levels of false recall in younger children did not differ across high and low 

lists (.07, both lists). Like in older children, target recall levels (.23) were significantly 

greater than false recall. These results are consistent with other data on children's recall 

of DRM lists, demonstrating low levels of false recall in young children (Brainerd, Reyna 

& Forrest, in press). 
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Data obtained from younger children's performance on the recall task in 

Experiment 1 are inconsistent with adult DRM recall in the following ways; (a) false 

recall of critical distractors is near floor levels in young children whereas adult false 

recall has been found to be near target recall levels near the middle of the serial position 

curve (Roediger & McDermott, 1995; Brainerd et al., in press); (b) high strength lists did 

not produce increased false recall of the critical word in young children whereas adult 

false recall demonstrated increased false recall for HIGH lists (Stadler et al., 1999; 

Brainerd, Wright, Reyna & Mojardin, 2001); and (c) recall of related and uruelated 

intrusions were more frequent than recall of the critical word in young children- adults 

recall of critical distractors is greater than any other type of false recall (Brainerd et al., 

2001). When compared to adults, young children's pattern of performance in E.\periment 

1 is qualitatively different from that of adults. Older children's patterns of performance 

are more similar to adult patterns, but quantitative differences are still evident. First, the 

level of false recall in older children (.27) was less than adult levels (.40XRoediger & 

McDermott. 199S). While high lists increased levels of false recall in older children, the 

difference between false recall for high lists and low lists was smaller in older children 

(.15) than in adults (.37)(Stadler et al., 1999; Brainerd et al., 2001). Finally, the 

difference between the intrusion rates for critical (.28) and similar meaning words (.17) in 

older children, was smaller than rates found in adults (.37 and .03, respectively). 

Correlation of true and false recall. 
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In order to measure the association between children's true and false recall. 

correct recall of DRM list words and false recall (intrusions) of words that were not 

presented was correlated using a standard bivariate statistic-Phi. 

Results are displayed in Table 6. In younger children, recall of DRM list words 

was significantly correlated with recall of the critical word (r = .28). The relationship 

between true recall and false recall of critical words was significant for lists presented in 

a forward order (r = .35) and insignificant for words presented in the backward order. 

While high levels of correct recall were associated with high levels of false recall of the 

critical word in younger children, their correct recall was negatively associated with 

intrusions from earlier lists (r = -.26). The relationship between true recall and false 

recall of words from earlier lists was significant for lists presented in a forward order (r = 

-.42) and insignificant in the backward order. Younger children's recall of the critical 

word was significantly correlated with other intrusions that were related to the DRM 

list's theme (r = .27). All other correlations were small and positive. 

For older children, correct recall was negatively correlated with false recall of the 

critical word. The relationship between true recall and false recall of critical words and 

recall of words fi-om earlier lists was small and insignificant for lists presented in a 

forward and backward order. A significant negative relationship was found for true recall 

and false recall of related words for lists presented in the forward order (r = -.38). False 

recall of related words was positively correlated with intrusion from earlier lists (this 

correlation was significant in the forward condition). 



79 

Recognition Testing Of DRM Lists 

Following the recall task, children were given an immediate 64-word recognition 

test. Remember, recognition test items are of 2 types: targets and distractors. Two-to-

three days later they were given a delayed recognition test. Targets are words that the 

children heard when they listened to the DRM lists. Distractors are words that the 

children did not hear. There are four types of distractors: 1) critical distractors-highest 

associate of each DRM list. 2) related distractors-RD (words semantically related to the 

DRM lists). 3) unrelated distractors-UD (target words from unpresented DRM lists, and 

4) unrelated critical distractors-UCD (critical words from unpresented DRM lists). 

Two days later children were given another recognition test containing 128 words. 

The delayed recognition test contained all 64 words from the immediate test and 64 new 

words that were not previously tested. 

Recognition test data, like recall data, were analyzed with the purpose of 

identifying developmental differences in children's memory performance on both 

immediate and delayed recognition tests. First, proportions of correct recognition of 

targets were calculated and ranked as a function of the target's serial position and list. 

Second, overall rate of false recognition of distractors was compared to correct 

recognition for targets based on the target's position in the 

DRM list. Third, proportions of false recognition were calculated for critical distractors 

(CD) and then ranked from greatest to least for both high strength and low strength DRM 

lists. These same comparisons were made for false recognition of other distractors from 

high strength and low strength lists. Fourth, recognition of targets was correlated with 
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false recognition of CDs. Results are presented separately for high strength and low 

strength DRM lists, forward and backward presentation order, and as a fionction of prior 

recall. Finally, analyses of variance (ANOVA) of recognition data determined whether 

younger and older children differed significantly in their recognition memory for words 

that were previously tested and previously untested, e.g.. words that did or did not appear 

on the immediate recognition test. There were two types of ANOVAs: I) as 

comparisons of mean YES responses to recognition test items and as comparisons of A 

prime values (standard inde.x of discrimination.) The value A prime (.A") was computed 

from baseline response rates of unrelated distractors in order to correct for age related 

response bias. To determine the relationship between immediate and delayed testing, 

correlations were calculated between items from the immediate test and items at the 

delayed test. 

Percent recognition of critical distractors across immediate and delayed tests. 

Table 7 lists critical distractors according to the rate at which younger and older children 

falsely recognized them. For critical distractors that appeared on both the immediate and 

delayed tests, older children's mean level of false recognition was 62% and younger 

children's was 54%. This compares to a mean level of 66% found in adults on immediate 

recognition tests (Stadler et al., 1999). Older children's mean level of false recognition 

ranged from 51% for the critical distractor LION to 81% for the critical distractor 

SLEEP. Younger children's mean level of false recognition ranged from 41% 

(WINDOW) to 58% (SLEEP). Both younger and older children falsely recognized 

critical words at higher levels than their own rate of false recall. 
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Percent recognition of critical distractors for high and low lists, immediate test. 

Table 8 lists false recognition rates for high and low strength lists on the immediate test. 

Older children falsely recognized three of four high list critical distractors at a higher rate 

than low list critical distractors, while younger children falsely recognized only one high 

list critical distractor at a higher rate than low list critical distractors. Mean false 

recognition of critical distractors across lists in older children was higher for high lists 

(.66) than low lists (.52). In younger children, low lists generated more false recognition 

of critical distractors (.52) than high lists (.44). 

Percent recognition of critical distractors for high and low lists, delayed test. 

Following a delay, false recognition rates for each critical distractor increased for all 

children, with the exception of older children's response rate to DOCTOR and SLEEP. 

For both high and low lists, older children's false recognition rates increased an average 

of. 11 across the delay interval. Across high and low lists, younger children's false 

recognition rates showed average false memory gains of about .13 over a one week delay. 

Older children's false recognition rate increased an average of .06 for high lists and .09 

for low lists. Like false recognition at the immediate test, high lists produced more false 

recognition than low lists in older children, with the reverse being true for younger 

children. See Table 9 for mean false recognition rates at the delayed test. 

Target recognition and distractor recognition, immediate and delayed test. 

False recognition of the critical distractors was compared to true recognition of 

target words. (See Table 10) Across age groups, on the immediate test the rate of false 

recognition of critical distractors was at levels of memory for targets that were located in 
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positions 9-12 of the DRM list and near target levels in the last positions (9-12) on the 

delayed test. 

Table 11 displays the results of a bivariate correlation using mean target values 

and mean critical distractor values. Results show that younger children's true/false 

correlation at the immediate test (.59) and delayed test (.71) were both significant at the 

.01 level (two-tailed). The correlation between older children's true/false recognition at 

the immediate test was non-significant (.13) and then, following a delay, increased to .56 

(significant at the .01 level). At the immediate test, the relationship between true and 

false memory was not the same for older and younger children. Younger children's 

recognition of targets was associated with recognition of critical distractors. while older 

children's was not. On the delay test, older children's true and false memory, and 

younger children's true and false memory at both tests were dependent. The relationship 

between true and false recall was positively dependent (significant positive correlation) at 

both ages at the delayed test. 

General considerations for ANOVA. 

Analyses of variance (ANOVA) were conducted to detect between and within 

group differences in children's ability to discriminate targets (presented words) from 

distractors (unpresented words). Of interest were both quantitative and qualitative 

differences in children's mean rate of acceptance to test items which assess true memory 

(YES response to targets) and false memory (YES response to distractors). Because of 

age differences in response bias (e.g., higher YES responses by younger children to 

unrelated distractors) ANOVAS were computed using A' (A Prime) values. A' is a 
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discrimination index that corrects for misidentified items resulting from guessing.' A* 

values were used as the dependent variable in the analysis of variance for three types of 

items: targets, critical distractors and related distractors. Unrelated distractors and 

unrelated critical distractors were used in the computation of A" values and then omitted 

from the analysis of variance. 

Interactions from the following analyses are described as they relate to age 

differences in immediate and delayed recognition memory for targets, critical distractors. 

and related distractors: and how children responded to list strength, presentation order, 

prior recall and previous testing. Reported results are significant at or beyond the p < .05 

level. 

ANOVA for word recoanition using A prime values, immediate test. 

Results of a 2 (age: younger, older) x 3 (item: target, critical distractor. related 

distractor) x 2 (strength: high versus low) x 2 (recall: recall versus no recall) x 2 (order: 

forward versus backward) ANOVA on the immediate recognition test using A' values 

produced the following: There was a main effect for age. F (1. 116)= 34.39 mse = .13. p 

' A" is the non parametric counterpart of the signal detection statistic D" (Snodgrass & Corwin. 1988). A' 
is computed for targets as follows. For targets, if target response rates are higher than response rates to 
unrelated distractors then A'= .5+[(H-FAT)(1+H-FAT)]/[4H(1-FAT)], where H is the proportion of YES 
responses for targets from the presented lists and FAT is the proportion of YES responses for targets from 
unpresented lists. When target response rate is lower than response rates for unrelated distractors. the 
replacement formula is A'= .5-[(FAT-H)(1+FAT-H)]/[4FAT(1-H)]. For related distractors, if related 
distractor response rates are higher than response rates to unrelated distractors then A'= .5-^[(FAR-
FAT)(1^FAR-FAT)]/[4FAR(1-FAT)], where FAR is the proportion of YES responses for related distractors 
from the presented lists and FAX is the proportion of YES responses for targets from unpresented lists. 
When related distractor response rate is lower than response rates for unrelated distractors. the replacement 
formula is A'= .5-[(FAT-FAR)(1+FAT-FAR)]/[4FAT(1-FAR)1. For critical distractors. if critical distractor 
response rates are higher than response rates to unrelated distractors then A"= .5-^[(FACDP-
FACDNX1+FACDP-FACDP)1/[4FACDP(1-FACDN)1, where FACDN is the proportion of YES responses for 
critical distractors for the presented lists and FACDN is the proportion of YES responses for critical 
distractors for unpresented lists. When critical distractor response rate from presented lists is lower than 
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< .0001, item, F (2, 232) = 134.069, MSE = .0007, p < .0001, and recall F Cl, 116) = 

5.931, MSE = .0006. p < .016. Mean A" values were greater for older children and items 

that were recalled. Targets were recognized at the highest rate (.80), followed by critical 

distractors (.70) and then related distractors (.53) with the gap between targets and critical 

distractors smaller in magnitude (.10) than the gap between critical distractors and related 

distractors (.17). There was no main effect for strength or order of presentation. Two-

way interactions were significant for age x item. F (2, 232) = 6.139. MSE = .0007, p < 

.003). age x strength. F (1. 116) = 7.756. mse = .0003. p < .006. and item x strength. F (2. 

232)=1 1.327. mse=.0003. p < .0001. 

Interactions involving age and item were subsumed by two three-way interactions 

and results, therefore, are described primarily in terms of these two interactions. Three-

way interactions were significant for age x strength x item. F (2. 232) = 9.781. MSE = 

.0003, p < .0001 and age x strength x recall F (1, 116)=5.515. mse=.0003. p < .021. (See 

Table 13 and 14 for mean A" values.) 

Post hoc analysis of the age x item x strength interaction produced 3 findings. 

(See Table 13 for the immediate test A" values.) First, developmental increases were 

apparent for both true and false memory. The greatest developmental gains were for 

critical distractors from high lists (.22) and the lowest for related distractors from high 

lists (.03). True memory also showed developmental improvement with the greatest 

gains for targets in high lists (.16). Second, like the pattern foimd in adults (Stadler et al.. 

1999), older children falsely recognized critical distractors from high lists (.84) more 

response rates for critical distractors from unpresented lists, the replacement formula is A"= .5-[(FACDN-



85 

often than critical distractors from low lists (.69). This was not the case for younger 

children, where their false recognition for critical distractors from high lists (.62) and low 

lists (.63) were not statistically different. Third, older and younger children both 

demonstrated increased levels of false recognition of the critical distractor compared to 

false recognition of related distractors. In older children, the difference between critical 

distractors and related distractors was greater for high lists (.31) than for low lists (.11), 

whereas in younger children the difference was similar for both high and low lists (.12 

and .11. respectively). While the gap between false memory for critical distractors and 

related distractors increased with age (from .11 to .31). the gap between false memory for 

critical distractors and true memory for targets remained stable with age (. 10 to . 11). List 

strength interacted with age in that high lists increased false memory for critical 

distractors in older children, but not younger ones. The greatest developmental gains 

were not in true memory, but rather in false memory for critical distractors from high 

strength DRM lists. 

Post hoc analysis of the age x strength x recall interaction produced three 

findings. (See Table 14) Across items, children's A" values increased v^ith age under 

both recall and no recall conditions, with the greatest developmental increases for 

recalled high strength lists (+. 15) and lowest for recalled low strength lists (+.04). 

Second, older children's A" values were significantly greater for high strength lists that 

were recalled (.77) than low strength lists that were recalled (.71), while for younger 

children, the reverse was true (.62 vs. .67). Younger children recognized low strength list 

FACDPKI +FACDN-FACDP)]/[4FACDN( I -FACDP)]. 
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items that were recalled significantly more often than items from high strength lists with 

prior recall. Third, recall increased younger children's A' values for low lists (+.07) both 

not for high lists, while in older children, the reverse was true, recall increased A" values 

on high lists (+.04) but not low lists. 

ANOVA For word recognition using A' values, delaved test. 

Analysis of variance for the delayed test data includes an additional factor in 

order to determine the effect of prior testing on the delayed test items. Previous literature 

has found that prior recognition testing elevates both true memory and false memory 

YES responses (Brainerd & Reyna, 1996). Prior testing has been shown to increase true 

memory acceptance rates more when words were initially repeated and increase false 

memory acceptance rates more when words were not initially repeated. This effect was 

found to be larger for older children. Results of the 2 (age: younger, older) x 3 (item: 

target, critical distractor, related distractor) .\ 2 (strength: high versus low) 2 (recall: 

recall versus no recall) x 2 (order: forward versu backward) x 2 (prior testing; prior test 

versus no prior test) ANOVA using A" values are as follows. A main effect was 

produced for age F (1.217)= 55.60, mse = .009. p < .0001. item F (2. 434) = 117.10. MSE 

= .007, p < .0001, recall F (I. 217) = 14.75. MSE = .009, p < .009 and prior testing F (2. 

217)=117.86, mse = .008. p < .0001. Like the immediate test. A' values were higher in 

older children and items that had been recalled. However, at the delay test. A' values for 

targets and critical distractors (.69 and .65, respectively) were both greater than related 

distractor A" values (.50), but not statistically different from each other. Prior testing 
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increased A" values significantly beyond previously untested items. There was no main 

effect for strength or order of presentation. 

Two-way interactions were significant for age x item, F (2, 434) = 21.10. MSE = 

.007. p < .0001). age x strength. F (1. 217) = 4.80. mse = .006, p < .03, age x prior test, F 

(2, 217) = 8.17, mse = .008, p < .005, and item x prior test, F (2.434)=8.25. mse=.005, p 

< .0001. All two-way interactions were subsumed by three-way and four-way 

interactions and. therefore, will be described in terms of these interactions. 

Three-way interactions were significant for age x item x strength. F (2, 434) = 

8.60, MSE = .005. p < .0001; item x strength x recall. F (2. 434)=3.80. mse =.005, p < 

.023; and age x item x prior test. F (2. 434)=10.22. mse=.005. p < .0001. Post hoc 

analysis of the age x item x strength interactions produced three findings. Table 13 

shows A" values for the delayed recognition test responses for each age group by item 

and list strength. First, over a delay, developmental increases were found for both true 

memory for targets and false memory for critical distractors. The greatest gains were, 

again, for critical distractors from high lists (+.23). False memory for related distractors 

did not show a developmental change. Second, older children's A" values for critical 

distractors from high lists (.77) were significantly greater than low lists (.67) and not 

reliably different than target A" values for high (.77) and low (.79) lists. This was. again, 

not the case for younger children where A* values for critical distractors from high lists 

(.54) were lower than A' values for low lists (.60). In addition, younger children's A' 

values for critical distractors were lower than target A' values. Third, older children's A' 

values for targets and critical distractors for both high (.75, .77, respectively) and low 
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lists (.76, .67, respectively) were higher than related distractors from high (.50) and low 

lists (.49). Younger children's A" values for critical distractors and related distractors 

were not reliably different on high lists (.54, .52). 

These findings are consistent with the immediate test results in that 

developmental increases are similar, e.g., false memory for critical distractors shows the 

most improvement for words from high strength lists. Again, the greatest developmental 

gains on the delayed test were not in true memory, but in false memory for critical 

distractors. The effects of strength were consistent from the immediate test to the 

delayed test, with list strength increasing A' values for older children for true and false 

memory, but not for younger children. 

Post hoc analyses of the item x strength x recall interaction produced the 

following findings. Recall increased A' values for targets from low lists and both critical 

and related distactors from high lists. This is consistent with adult data showing that 

prior recall increased A" values for targets and critical distractors (Payne et al.. 1996), 

and high lists increased A' values more so for critical distractors than targets (Stadler, 

1999). (See Table 16 for mean A' values.) 

All interactions involving the factor prior test were constrained by two four-way 

interaction and results, therefore, are described primarily in terms of this interaction. 

Four-way interactions were significant for age x item x order x previous test, F (2,434) = 

3.60, MSE = .005. p < .028 and age x strength .x recall x previous test, F (1. 217) = 7.62, 

mse = .006, p < .006. 
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Post hoc analysis of the age x item x order x prior testing reveals three findings. 

(See Table 17 for A' values.) First, developmental increases without prior testing were 

greatest for critical distractors in the forward order (+.22), followed by targets in the 

backward condition (+.14), critical distractors in the backward order (+.11) and. finally, 

targets in the forward order (+.10). A" values for forward and backward related 

distractors exhibited a developmental decrease (-.09 and -.11. respectively). Older 

children had significantly less false memory for related distractors and significantly more 

false memory for critical distractors. 

With prior testing, developmental improvements in A' prime values were higher 

in the backward condition for critical distractors (+.18). with increased memory for 

targets (+.16. forward and +.15. backward). Developmental increases were found for 

related distractors in both the forward (+.07) and backward (+.11) order, e.g.. more false 

memory with age. 

When items did not appear on a prior test, older children's A" values for critical 

distactors were significantly higher than target values when the presentation of the DRM 

lists were in the forward order. This is not the case when DRM lists were presented in 

the backward order or when test items had appeared on a prior test. Further, younger 

children do not show this increase in critical distractor A" values. 

The effect of prior testing on older children's A* values for targets, relative to 

targets without prior testing, was to improve true memory in both the forward (+.15) and 

the backward (+.10) order. Prior testing did not increase A' values in older children for 

critical distractors in the forward order, but increased A' values for critical distractors 
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when DRM lists were presented in a backward order (+. 11). Prior testing increased older 

children's A' values for related distractors in both the forward and backward order (+.25 

and +.27, respectively.) Younger children responded differendy to the effects of prior 

testing. A' values for targets increased equally in the forward and backward order (.09) 

in younger children, relative to targets without prior testing. Further. A' values in 

younger children for critical distractors in the forward order increased (+.12), with no 

increase for prior testing in the backward order. Younger children's A' values for related 

distractors increased in both the forward order and backward order when previously 

tested. 

In summary, without prior testing, developmental increases were greatest for 

critical distractors in the forward order, followed by backward targets, backward critical 

distractors. and finally, forward targets. With prior testing, developmental increases were 

greatest for critical distractors in the backward order, followed by targets (forward and 

backward order), and finally, forward critical distractors. Additionally, the effects of prior 

testing on the A' values for older children's targets was to improve true memory in both 

the forward and backward order. Prior testing did not increase A' values in older 

children for critical distractors in the forward order, but did increase them when DRM 

lists were presented in a backward order. Prior testing increased younger children's 

critical distractor A' values for lists presented in a forward order, but not lists presented 

in a backward order. 

Post hoc analysis of the age x strength x recall x previous test interaction 

produced the following findings. (See Table 14 for A' values.) Prior recall significantly 
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increased older children's A' values for items from high and low strength lists that were 

previously untested and high strength lists that were previously tested. Prior recall 

significantly increased younger children's A' values for low lists that were previously 

tested. 

Correlation of Recall and Recognition 

In order to measure the association between each child's recall and subsequent 

recognition, true and false recall was correlated with true and false recognition in both the 

immediate and delay condition. Recall of the both target words and critical words was 

compared to true and false recognition using a standard bivariate statistic-Phi. (Results 

are displayed in Table 18.) Concerning true memory, the correlation between recall of 

the DRM list words and recognition of these same words (targets) on an immediate 

recognition test was significant at the .01 level in older children (r = .44) and insignificant 

in younger children. 

At the delayed test, the correlation between recall of DRM list words and targets 

not previously tested, was insignificant in younger and older children. Both younger and 

older children lost the advantage that target recall gave them on an immediate recognition 

test when the test was presented following a delay interval. This was less pronounced in 

older children. When targets were presented on an inunediate recognition test and later 

tested (effect of prior testing), younger and older children's recall was significantly 

related to target recognition (r = .29 and .42, respectively), e.g., high levels of recall were 

associated with high levels of recognition. Both correlations were significant at the .01 

level. 
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Overall, for older children, there was a positive relationship between true recall 

and true recognition. If older children recalled a target, they were more likely to 

recognize it. This correlation was the greatest at the immediate test and on the delayed 

test when test items were previously tested. Younger children's true recall was also 

positively related to target recognition, with the greatest correlation between recall and 

targets on the delayed test when items had been previously tested. The correlation 

between younger children's true recall and true recognition on the delayed test, without 

prior testing, was near zero. 

The relationship between false recall and false recognition of the critical word 

was also tested. In contrast to the positive relationships between true recall and 

recognition, both positive and negative associations were found for false recall and 

recognition as follows: The correlation between false recall and false recognition on the 

immediate test was insignificant for both younger and older children. Younger children's 

false recall was not associated with high or low levels of false recognition. Older 

children's false recall had a small, positive relationship with false recognition. 

At the delayed test, the correlation between false recall and false recognition in 

younger and older children was again insignificant for test items that were not previously 

tested. While the effect of prior testing produced insignificant correlations, prior testing 

increased the negative relationship found in younger children and increased the positive 

relationship found in older children. For older children, falsely recalled critical words 

that were heard on the immediate recognition test were more likely to be falsely 

recognized at the delayed test than critical items that were not previously tested. In 
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younger children, prior testing increased the magnitude of the negative relationship 

between false recall and false recognition, i.e.. words that were falsely recalled that 

appeared in the immediate test were less likely to be falsely recognized than those that 

were not previously tested. Prior testing increased the positive association between false 

recall and false recognition in older children, but not in younger children. 

Correlation of Recognition Test Items on Immediate and Delaved Tests 

Proportion of YES responses for targets, critical distractors. related distractors. 

unrelated distractors. and critical unrelated distractors that appeared on both immediate 

and delayed tests were correlated. The bivariate correlation was calculated between each 

item type on the immediate and delay test separately for list strength and recall condition. 

Correlations are reported by age level in Table 19. 

Correlations between immediate and delayed testing for target items were 

significant for all conditions in both younger and older children. All children's YES 

responses to targets on the immediate test were associated with YES responses on the 

delayed test. The highest correlations between targets on the immediate and delayed test 

were older children's target responses on high lists (r = .65) and low lists (r = .66). The 

lowest correlation between target recognition on the immediate and delayed test was for 

younger children's target responses on high lists. 

While young children's target responses at the immediate test correlated 

significantly with target responses at the delayed test for all conditions, yoimger 

children's false recognition of critical distractors on the immediate and delayed test was 

significantly correlated for the recall condition only. In older children, correlations 



94 

between immediate and delayed test items were significant for targets and critical 

distactors for both recall and strength conditions. 

Young children's YES responses to related distractors, at the immediate and 

delayed test, correlated significantly under both the no recall and high strength condition 

(r = .33 and r = .34, respectively). In older children, correlations of immediate and 

delayed test related distractor items were significant under the high strength condition 

only (r = .36). 

Unrelated distractors were significantly correlated for both ages across all 

conditions, with the exception of low list distractors for older children. Younger 

children's responses to unrelated critical distractors were not significantly correlated, 

while older children's responses were significantly correlated in the recall and no recall 

condition. 

Experiment 2-Short Stories 

Recognition Testing Results 

Two types of analyses were performed on mean acceptance rates to recognition 

test sentences. Analysis of variance (ANOVA) determined whether younger and older 

children differ significantly in their responses to information that has been presented to 

them in a short story and then repeated or contradicted. In order to measure the 

association between children's YES responses to sentences that were presented and 

sentences that were implied or contradicted, YES responses to target and distractors were 

correlated using a standard bivariate statistic-Phi The analysis of variance was used to 

determine whether younger and older children differed significantly in their ability to 



95 

recognize information that was presented vs. information that was not presented, but was 

related to the meaning of presented information. 

General considerations for E.xperiment 2 ANOVA. 

A mi.xed factorial ANOVA. with repeated measures, was used to identify' between 

and within group differences in YES responses to recognition memory test sentences by 

younger and older children. Of primary interest was each group's ability to a) distinguish 

between sentences that were presented, related to presented sentences (either implied or 

contradicted), or unrelated; b) differentiate between presented and non presented 

sentences regardless of whether the sentences were repeated verbatim, repeated for 

meaning, or contradicted; and c) demonstrate accurate memory over a delay interval. 

Analysis of variance was performed on the immediate lest data in order to 

determine if any significant difference in test performance was due to differences in 

random ordering of the data sheets. The results of the analysis indicated that there was a 

significant interaction between tests items and conditions for the older children. F (3. 

168) = 2.519, mse = .025, p < .01. Tukey post hoc analysis did not reveal any pair-wise 

comparisons across the level condition large enough to reject the null hypothesis. 

Therefore, all data were included in the data set for analysis. 

Initial analysis of variance using raw proportions of YES responses to test 

sentences detected response bias as demonstrated by significantly different levels of YES 

responses to unrelated distractor items by younger (.31) and older children (.10). F (3, 

354) = 9.99, mse = .001, p < .001. Because of age differences in response bias (e.g., 

higher YES responses by younger children to unrelated distractors), ANOVAS were 
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computed using A" values (see discussion in Exp. I results section). A" values were used 

as the dependent variable in the analysis of variance for three types of sentences: target, 

related distractors and false distractors. Unrelated distractors were used in the 

computation of A" values and then omitted from the analysis of variance. 

ANOVA for sentence recognition using A' values, immediate test. 

Results of the 2 (age: younger, older) x 3 (item: target, related distractor. false 

distractor) x 4 (repetition: control, verbatim repetition, gist repetition, contradiction) 

ANOVA on the immediate recognition test using A" values produced a main etTect for 

item, F (2, 236)= 172.25, mse = .074, p < .0001 and repetition, F (3. 354) = 9.00. MSE = 

.047. p < .0001. Mean A' values across both age level and repetition were significantly 

higher for targets (.81) than related distractors (.75). True memory for targets and false 

memory for related distractors both exceeded false memory for false distractors (.50). 

There was no main effect for age. Two-way interactions were significant for sentence 

type X age. F (2. 236) = 9.27. MSE = .074. p < .0001) and sentence tv'pe x repetition. F (6. 

708)=20.87. mse=.046. p < .0001. 

Post hoc analysis of the sentence type x age interaction revealed that younger 

children's A* values for target sentences (.75) did not reliably differ from related 

distractors (.73), but both were significantly higher than false distractors (.52). In older 

children. A" values for target sentences (.86) was significantly higher than false memorv-

for related distractors (.77), with both significantly higher than false distractors (.48). 

See Table 20 for mean A' values. Developmental gains in memory performance were 

significant for targets (+.11). 
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Post hoc analysis of the sentence type x repetition revealed the following: (See 

Table 22 for mean A" values.) In the control condition (stories presented without any 

sentences repeated), mean A' values for target sentences (.77) were equal to related 

distractors (.73) with both greater than false distractors (.44). In the verbatim repetition 

condition (target sentences repeated verbatim), mean A" values for target sentences (.83) 

were greater than both related distractors (.75) and false distractors (.42). A" values for 

related distractors were higher than false distractor values. In the gist repetition condition 

(stories presented with target sentences repeated for meaning), mean A' values for target 

sentences (.84) were equal to related distractors (.81) with both greater than false 

distractors (.45). In the contradiction condition (stories presented with target sentences 

contradicted), mean A" values for target sentences (.78) were greater than both related 

distractors (.70) and false distractors (.69). In this condition. A" values for related 

distractors and false distractors were not reliably different. A" values for false distractors 

in the contradiction condition were significantly higher than A' values for false 

distractors in any other condition 

ANOVA for sentence recognition using A' values, delayed test. 

Analysis of variance for the delayed test data included an additional factor in 

order to determine the effect of prior testing on the delayed test items. Like the 

recognition tests from Experiment I, test items on the delay test were either previously 

tested (appeared on the immediate test) or not previously tested (did not appear on a prior 

test.) Results of a 2 (age: younger, older) x 3 (item: target, related distractor, false 

distractor) x 4 (repetition: control, verbatim, gist, contradiction) x 2 (test: prior test, no 
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prior test) ANOVA on the delayed recognition test using A' values and an additional 

factor, prior testing, produced the following. A main effect was found for item. F (,2. 

236) = 136.23, MSE = .001. p < .0001 and age. F (1, 118)=7.27, mse = .145, p < .007. As 

in the immediate test. A' values on the delayed test across both age level and repetition 

condition were greatest for targets (.67), then related distractors (.62) and lowest for false 

distractors (.44). Older children's A" values were higher than younger children's (.60 and 

.56, respectively). There was no main effect for prior testing or repetition. Two-way 

interactions were significant for item x age. F (2. 236) = 11.73. MSE = .001. p < .0001). 

i tem X repeti t ion.  F (6.  708) = 5.197. mse = .065. p < .0001. previous test  x age.  E (1.  

118) = 4.14. mse = .0006. p < .0017. and item x previous test. F (2. 236)= 25.25. mse = 

.045. p<.0001. 

Post hoc analysis of the age x item interaction produced the following findings. 

First, over a delay, significant developmental increases and decreases were found for both 

true and false memory. (See Table 20 for mean A'values.) With age. true memory for 

targets increased (+.08) and false memory for related distractors increased (+.07). 

Second, both older children and younger children's mean A' values were for targets and 

related distractors were not reliably different, however, both were significantly higher 

than false distractors. 

Post hoc analysis of the sentence type x repetition revealed the following. (See 

Table 22 for mean A" values.) In the control condition (stories presented without any 

sentences repeated), mean A* values for target sentences (.64) were not reliably different 

than related distractors (.61) with both greater than false distractors (.44). In the verbatim 
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repetition condition (target sentences repeated verbatim), mean A* values for target 

sentences (.69) were greater than both related distractors (.63) and false distractors (.41). 

A" values for targets were significantly greater than targets in the control condition. A" 

values for related distractors were higher than false distractors. In the gist repetition 

condition (stories presented with target sentences repeated for meaning), mean A" values 

for target sentences (.67) were equal to related distractors (.65) with both greater than 

false distractors (.42). In the contradiction condition (stories presented with target 

sentences contradicted), mean A" values for target sentences (.66) were greater than both 

related distractors (.61) and false distractors (.52). A" values for false distractors in the 

contradiction condition were significantly higher than A' values for false distractors in 

any other condition. 

Post hoc analysis of the age x previous test interaction produced the follow ing 

findings. First, without prior testing. A' values for test sentences were not reliably 

different in both younger (.57) and older children (.58). With prior testing, older 

children's A" values (.62) were significantly higher than younger children's (.55). 

Further, prior testing, significantly increased older children's A' values (.62) and 

decreased younger children's A' values (.55), relative to their own age level. Table 23 

shows A' values. 

Post hoc analysis of the item x previous test interaction produced the following 

results. For items on the delayed recognition test, prior testing, significantly increased A' 

values for both distractor types (+.06). Target A* values were not significantly increased. 

See Table 24 for A' values. 
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Corretation of sentence ivpes bv age on immediate and delayed tests. 

Proportion of YES responses for targets, related distractors, and false distractors. 

that appeared on both the immediate and delayed tests were correlated. The bivariate 

correlation was calculated between each item type on the inmiediate and delay test 

separately for each condition. Correlations are reported by age level in Table 25. 

Correlations between target items on the immediate and delayed test for younger children 

were positive and non-significance in the control, verbatim repetition, or gist repetition 

condition. In the contradiction condition, younger children's responses to targets were 

significantly correlated (r = .26). For older children's. YES responses to targets were 

significantly correlated in the verbatim repetition (,r = .27). gist repetition (r = .31) and 

contradiction (.36) condition, but not in the control condition. The highest correlations 

between targets on the immediate and delayed test were older children's YES responses 

to sentences repeating the gist (r = .31) and contradicted sentences (r = .36). The lowest 

correlation was found under the control condition, between target recognition on the 

immediate and delayed test, for older children's target responses. Significant positive 

correlations were also found for younger children's responses to related distractors in the 

control (r = .27) and verbatim repetition condition (r = .30). and to false distractors in the 

control (r = .34) and gist repetition condition (r = .27). Significant positive correlations 

were found for older children's responses to related distractors in the gist repetition 

condition (r = .55). 

Correlation of true and false memorv bv age and level of repetition. 
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In order to measure the association between children's true and false recognition, correct 

recognition of target sentences and false recognition of both related and false distractors 

was correlated using a standard bivariate statistic-Phi. 

In both younger and older children at the immediate test. Uoie recognition of target 

sentences was significantly correlated with false recognition of related distractors in the 

control and gist repetition condition. See Table 26 for correlations. After a delay, 

younger children's target recognition and related distractor recognition was significantly 

correlated for verbatim repetition (r = .40) and contradiction conditions (.40). Older 

children's target and related distractor recognition had significant positive correlations for 

verbatim repetition (r = .33). gist repetition (r = .37) and contradiction (r = .32). while in 

the control condition, the correlation was small and negative. 

For older children on the immediate test, three of the four conditions produced 

insignificant negative correlations, and on the delay test, two of four were also 

insignificant and negative. 

Summary 

In Experiment I. relative to adult false recall levels, older children falsely recalled 

fewer critical words and younger children's false recall of critical words was near floor 

levels. Elevated levels of false recall were observed for high strength DRM lists in older 

children but not in younger children. Older children recalled more words that were 

studied, and they rarely recalled words that violated the list's theme, while younger 

children falsely recalled words that violated the list's theme at levels near their own level 

of true recall. Moreover, in this experiment, children at both ages responded to the 
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exposure of DRM lists on recognition memory tests as demonstrated by higher levels of 

false recognition of critical distractors than other distractors that were related to the list's 

theme. However, the false recognition effect was smaller in younger children. List 

strength interacted with age in that high lists increased false memory for critical 

distractors in older children but not younger ones. The greatest developmental gains 

were in false recognition of critical distractors from high strength DRM lists. Consistent 

with adults, false recognition of the critical word was more pronounced when lists were 

recalled prior to recognition testing. When children were given a prior test, older 

children's subsequent recognition of critical distactors was significantly higher than 

targets when the presentation of the DRM lists were in the forward order. This was not 

the case when DRM lists were presented in the backward order, or when test items had 

appeared on a prior test. Further, younger children did not show this increase in false 

recognition of the critical distractor. 

In E.\periment 2. across age groups, verbatim repetition increased memory for 

targets beyond target levels in the control condition, but not more than the effect of gist 

repetition on target accuracy. Contradiction increased levels of YES responses to false 

distractors in younger and older children to levels that were not reliably different from 

related distractors. but were greater than false distractor levels found in both the verbatim 

and gist repetition conditions. On the immediate test, developmental increases were 

found for true memory, while after a delay, both true and false memory showed 

significant developmental improvements. On the delayed test-not unlike the immediate 

test-memory for targets, related distractors, and false distractors were influenced by 
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repetition, with contradiction increasing false distractors to levels beyond those found in 

all other conditions. The effect of previous testing increased older children's and 

decreased younger children's YES responses, as well as increasing YES responses to 

both distractor types but not YES responses to targets. 

FTT's e.xplanatioti for these findings is based on the verbatim-gist distinction. In 

the most general sense, results from both experiments show that increases in false 

memory were found when the gist of words or sentences was repeated, and this was more 

pronounced over a delay interval. Across experiments, false memory effects were 

stronger in older children, with more instances of significant developmental differences 

found w hen children were presented with word lists as opposed to short stories. More 

specifically, manipulations in both experiments that were designed to strengthen gist 

memory representations, i.e.. prior recall, repetition of theme consistent words or 

sentences, and even contradictory sentences, increased false memorv' effects in younger 

and older children. However, younger children did not respond uniformly to these 

manipulations, and some patterns of performance deviated from those in older children 

and adults. These performance differences were most evident in recall tasks where 

younger children's intrusions violated the DRM word list themes. In contrast, older 

children's recall, with little or no exception, conformed to these list themes. Findings 

from both experiments show that older children's memory functioning resembles adults', 

but with less dramatic false memory effects, and. overall, younger children's 

susceptibility to manipulations that increase false memory in older children was lower, 

and. in some cases, at floor levels. Overall, in both experiments, manipulations that 
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increased gist memory strength resulted in age variability in both false recall of words, 

and false recognition of words and sentences. 
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Table 1 
Mean correct recall for target words. 
Order of List 
Presentation Forward Backward 

Number of Children 30 30 30 30 

Age Group K J l  5/6 K J l  5/6 

Serial Position 
M (SD) M (SD) M (SD) M(SD) 

I .40(.49) .74(.44) .36(.48) .70(.46) 
2 .32(.47) .6U.49) .26(.44) .49(.50) 
J .2U.41) .5U.50) .16(.37) .37(.48) 
4 .I5(.36) .39(.49) .I3(.34) .37(.48) 
5 .18(.38) .41(.49) .11(.32) .42(.50) 
6 .13(.34) .42(.49) .11(.32) .4U.50) 
7 .11(.31) .45(.50) .09(.29) .46(.51) 
8 .11(.31) .44(.50) .11(.31) .38(.49) 
9 .17(.37) .37(.49) .15(.36) .41 (.49) 
10 .17(.38) .39(.49) .20(.40) .45(.50) 
11 .33(.47) .46(.50) .33(.47) .60(.49) 
12 .57(.50) .57(.50) .52(.50) .75(.44) 

Mean .24 .50 .22 .48 
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Table 2 

Percent false recall of the critical word for sixteen DRM word list used in the studv. 

Age Group Adults Younger Children (K/1) Older Children (5/6) 

High Strength Lists* 

WINDOW (65%) WINDOW(3%) WINDOW (21%) 
SLEEP (61%) SLEEP (17%) SLEEP (42%) 
SMELL (60%) SMELL (0%) SMELL (23%) 
DOCTOR (60%) DOCTOR (6%) DOCTOR (26%) 
SWEET (54%) SWEET (6%) SWEET (13%) 
CHAIR (54%) CHAIR (10%) CHAIR (48%) 
SMOKE (54%) SMOKE (9%) SMOKE (63%) 
ROUGH (53%) ROUGH (3%) ROUGH (40%) 

Low Strength Lists* 

SHIRT (27%) SHIRT (6%) SHIRT (29%) 
HIGH (26%) HIGH (6%) HIGH (23%) 
ARMY (25%) ARMY (0%) ARMY (7%) 
MAN (24%) MAN (10%) MAN (7%) 
THIEF (23%) THIEF (3%) THIEF (7%) 
LION (23%) LION (17%) LION (41%) 
FRUIT (20%) FRUIT (6%) FRUIT (13%) 
KING (10%) KING (6%) KING (29%) 

Range 10%-65% 0%-17% 7%-63% 
Mean 

High Lists 58% 7% 35% 
Low Lists 22% 7% 20% 
Overall 40% 7% 27% 

* According to adult norms presented in Stadler et al.. 1999. 
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Table 3 

Mean levels of true and false recall as defined by three categories of intrusions. 

Age 

K/l 5/6 

M (SD) M(SD) 

TRUE RECALL .23 (.08) .49 (.10) 

High .21(.09) .49 (.13) 
Low .25 (.09) .49 (.12) 

FALSE RECALL 
Category-

Intrusions: critical .07 (.11) .28 (. 18) 
High .07 (.13) .35 (.25) 

Low .07 (.14) .20 (.22) 

Intrusions: same-meaning .16 .17 

Intrusions; earlier-list .02 
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Table 4 

Mean responses for true and false recall according to list strenuth. order and age. 

Age K/1 5/6 Mean 

Mean Responses 
Correct Recall 
Targets .23(.08) .49(.l0) .36 

High .21 (.09) .49(.12) .35 

Forward .22^.12) .50(.12) .36 
Backward .20(.06) .47(.12) .34 

Low .25(.09) .49(.13) .37 

Forward .26(.08) .49(.12) .38 
Backward .23(.10) .49(.14) .36 

False Recall 
Critical words .07(.ll) .28(.18) .18 

High .07(.14) .35(.25) .21 

Forward .07(.15) .35(.25) .21 
Backward .06(.14) .37(.26) .22 

Low .07(.l3) .20(.22) .14 

Forward .09(.15) .18(.21) .14 
Backward .04(.ll) .23(.23) .14 
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Table 5 

Mean responses for true and false recall according to age, item and list strength. 

Age K/l 5/6 Gains 
Mean Responses 

Correct Recall 
Targets .23 .49 .26 

High .21 .49 .28 
Low .25 .49 .23 

False Recall 
Critical words .07 .28 .21 

High .07 .35 .28 
Low .07 .20 .13 
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Table 6 
Correlations between true recall and False recall. 

Correct Recall 

Younger Children 
Intrusion: 
Critical 

Intrusion: 
Related 

Intrusion: 
Earlier lists 

Correct Recall 
Forward 
Backward 

Intrusion: 
Critical 

Forward 
Backward 

Intrusion: 
Same-meaning 

Forward 
Backward 

Intrusion: 
Earlier lists 

1.0 .28* 

.35* 
-.01 

1.0 

.12 

.04 

.34 

.27* 

.32 
.20 

1.0 

-.26* 

-.42* 
.03 

.09 

.03 
-.01 

.05 
-.003 

1.0 

Correct Recall 

Older Children 
Intrusion: 
Critical 

Intrusion: 
Related 

Intrusion: 
Earlier lists 

Correct Recall 
Forward 
Backward 

Intrusion: 
Critical 

Forward 
Backward 

Intrusion: 
Same-meaning 

Forward 
Backward 

Intrusion: 
Earlier lists 

1.0 -.02 

-.02 

.01 

I.O 

-.15 
-.38 
.00 

.24 

.17 
22 

1.0 

-.12 

-.003 
-.17 

-.02 

.01 
-.08 

.12 

.43* 
-.03 

1.0 
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Table 7 
Percent False recognition of the critical word across immediate and delaved tests. 

Older Children (5/6 grade) Younger Children (K/1 grade) 

SLEEP (81%) 
DOCTOR (77%) 
SMELL (63%) 
FRUIT (59%) 
WINDOW (57%) 
KJNG (57%) 
LION (52%) 
MAN (51%) 

SLEEP (58%) 
^L\N (58%) 
LION (57%) 
FRUIT (57%) 
KING (55%) 
DOCTOR (55%) 
SMELL (50%) 
WINDOW (41%) 

Mean (62%) 
Range51%-81% 

Mean (54%) 
Range 41 %-5 8% 

Table 8 
Percent false recognition of the critical word From the 64-word recognition test-
immediate. 

Older Children (5/6 grade) Younger Children (K/I grade) 
High Strength* 

SLEEP (82%) SLEEP (55%) 

DOCTOR (78%) 
SMELL (60%) 
WINDOW (45%) 
Mean (66%) 
Range 45%-82% 

DOCTOR (47%) 
SMELL (45%) 
WINDOW (30%) 
Mean (44%) 
Range 30%-55% 

Older Children (5/6 grade) 

KJNG (57%) 
FRLIT (52%) 
MAN (51%) 
LION (47%) 

Low Strength^ 
Younger Children (K/1 grade) 

c 

MAN (58%) 
KING (55%) 
LION (50%) 
FRLIT (45%) 

Mean (52%) Mean (52%) 

Range 51 %-81 % Range 41 %-58% 
*As determined by adult data (Stadler et al., 1999) 
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Table 9 
Percent False recotmition of the critical word From the 128-vvord recognition test-delaved. 

Older Children (5/6 grade) Younger Children (K/l grade) 
High Strength* 

SLEEP C62%) SLEEP (80%) 
DOCTOR (75%) 
ROUGH (73%) 
SWEET (72%) 
WINDOW (68%) 
SMELL (67%) 
SMOKE (67%) 
CHAIR (65%) 

DOCTOR (62%) 
SWEET (60%) 
SMOKE (55%) 
SMELL (53%) 
WINDOW (53%) 
CHAIR (38%) 
ROUGH (37%) 

Mean (71%) 
Range 65%-80% 

Mean (53%) 
Range 37%-62% 

Older Children (5/6 grade) Younger Children (K'l grade) 
Low Strength* 

THIEF (87%) 
FRUIT (67%) 
ARMY (63%) 
KING (62%) 
LION (58%) 
MAN (57%) 
HIGH (28%) 
SHIRT (25%) 

THIEF (70%) 
FRUIT (67%) 
LION (67%) 
ARMY (62%) 
KING (63%) 
MAN (63%) 
HIGH (44%) 
SHIRT (32%) 

Mean (52%) Mean (59%) 
Range 25%-87% Range 32%-70% 
•As determined by adult data (Stadler et al.. 1999) 
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Table 10 
Mean correct recognition rate of targets and mean false recognition rates of critical 
distractors. Exp 1. 

Critical Distractors 
.33 

Target 
Serial Position 1-4 
.64 

Serial Position 5-8 
.57 

Serial Position 9-12 
.53 

Immediate Test 
K/1 

Mean 

M (SD) 
.47 (.33) 

.58 (.28) 

.50 (.28) 

.44 (.29) 

K/1 
Delav Test 

Mean 

5/6 

M (SD) 
.58 (.28) 

.70 (.22) 

.64 (.26) 

.62 (.27) 

5/6 

Critical Distractors 
.59 

Target 
Serial Position 1-4 
.66 

Serial Position 5-8 
.62 

Serial Position 9-12 
.62 

.58 (.25) 

.62 (.26) 

.55 (.29) 

.56 (.31) 

.62 (.22) 

.71 (.22) 

.69 (.27) 

.68 (.30) 
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Table 11 
Correlation of target recognition and critical distractor recognition. Exp 1. 

Younger 
Immediate Test 
Delayed Test 

Older 
Immediate Test 
Delayed Test 

Dependent Independent 

.59 • 

.71 * 

. i ;  
.56 • 

* Significant at the p < .01 level. 
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Table 13 
Mean recognition rates (A' in parenthesis) bv age, item, and list strength, immediate and 
delayed test. Exp 1. 

Age Group Kyi 5/6 Gains 

Target 
High 
Low 

M/SD (A') 
.52/.23 (.73) 
.51/.28 (.72) 
.55/.25 (.73) 

Immediate 
M/SD (A*) 
.67/. 17.88 
.68/.22 .88 
.66/.21 .87 

A* 
.15 
.16 

.14 

Critical Distractors 
High 
Low 

.47/.33 (.63) 

.46/.40 (.62) 

.49/.42 (.63) 

.58/.28 .77 

.70/.36 .84 

.46/.39 .69 

.14 
22 
.06 

Related Distractors 
High 
Low 

.25/.31 (.51) 

.26/.38 (.50) 

.25/.33 (.52) 

.16/.23 .56 

.16/.30 .53 

.17/.20 .58 

.05 

.03 

.06 

Target 
High 
Low 

.54/.20 (.64) 

.52/.23 (.63) 

.56/.22(.65) 

Delav 
.57/. 15 (.76) 
.55/. 18 (.75) 
.59/. 19 (.76) 

.14 

.13 

.12 

Critical Distractors 
High 
Low 

.56/.25(.57) 

.53/.33 (.54) 

.58/.30 (.60) 

.627.22 (.72) 

.70/.28 (.77) 

.54/.29(.67) 

.19 

.23 

.07 

Related Distractors 
High 
Low 

.46/.30(.51) 

.44/.32 (.52) 

.47/.32 (.49) 

.37/.24(.50) 

.30/.23 (.50) 

.44/.29(.49) 

.07 
-.02 
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Table 14 
Mean A prime recognition rates bv age, strength, and recall, immediate and delaved tests. 
Exp 1. 

Age Group K/l 5/6 Gains 
Immediate 

High 
Recall .62 .77 .15 
No recall .60 .73 .13 

Low 
Recall .67 .71 .04 
No recall .60 .72 .12 

High 

Low 

Delayed Test 

No Prior Test 

Recall .54 .66 .12 
No recall .50 .56 .06 

Recall .52 .60 .08 
No recall .53 .51 -.02 

Prior Test 
High 

Recall .60 .79 .19 
No recall .60 .68 .08 

Low 
Recall .65 .72 .07 
No recall .60 .74 .14 
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Table 16 
Mean recognition rates (A' in parenthesis) bv item, list strength, recall, and time of test. 
Exp 1. 

Target 

RECALL NO RECALL 
M/SD (A') M/SD (A") 

Immediate Test 
.62/.20(.81) .58/.22(.79) 

High 
Low 

.62/SD(.81) 

.63/SD(.81) 
.58/.27 (.79) 
.58/.25 (.79) 

Critical Distractors .56/.30(.71) .49/.32(.67) 

High 
Low 

.627.39 (.75) 

.517.42 (.68) 
.547.40 (.71) 
.447.39 (.64) 

Related Distractors 
High 
Low 

.237.28 (.54) 

.247.35 (.53) 

.227.26 (.56) 

.197.27 (.52) 

.197.33 (.49) 

.207.24 (.54) 

Target 
High 
Low-

Delayed Test 
.607.16 (.72) ' .517.19 (.69) 
.577.18 (.71) .517.22 (.68) 
.627.19 (.73) .537.21 (.70) 

Critical Distractors 
High 
Low 

.637.24 (.67") 

.667.33 (.69) 

.607.28 (.66) 

.557.23 (.61) 

.587.31 (.62) 

.527.30 (.61) 

Related Distractors .457.28(.51) .387.26 (.48) 

High 
Low 

.427.29 (.55) 

.487.32 (.48) 
.337.28 (.47) 
.437.29 (.50) 
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Table 17 
Mean recognition rates (A' in parenthesis) for atze. item, order, bv prior test. Exp 1. 

Age Group K/I 5/6 

Target 
Forward 
Backward 

M/SD (A") M/SD (A") 
Previously Untested 

.48/.23 (.58) ' .45/. 18 (.70) 

.49/.22(.58) .44/. 18 (.68) 

.47/.25(.58) .46/. 19 (.72) 

Critical Distractors 
Forward 
Backward 

.50/.32(.52) 

.49/.30(.52) 

.521.34 (.53) 

.58/.29{.69) 

.63/.25(.74) 

.52/.32 (.64) 

Related Distractors 
Forward 
Backward 

.38/.32(.47) 

.36/.32(.45) 

.40/.33 (.49) 

.I4/.22(.37) 

.14/.24(.36) 

.14/.24(.38) 

Previouslv Tested 

Taruet .60/.21 (.67) .71/.I6(.82) 

Foward 
Backward 

.60/.20 (.67) 

.60/.22 (.67) 
.71/.I6(.83) 
.7I/.16(.82) 

Critical Distractors 
Forward 
Backward 

.61/.29(.60) 

.65/.28 (.64) 

.57/.29 (.57) 

.67/.27(.75) 

.67/.28 (.75) 

.67/.26 (.75) 

Related Distractors 
Forward 
Backward 

.47/.31 (.54) 

.46/.31 (.54) 

.47/.32 (.54) 

.44/.28(.63) 

.42/.27(.61) 

.44/.30(.65) 
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Table 18 
Correlations of true recall, false recall, true recognition, and false recognition. Exp 1. 

Immediate Test 

Younger 
True Recall False Recall True Recog False Recog 

True Recall I .O .24 .25 .14 
False Recall 1.0 -.01 .06 
True Recognition 1.0 .62* 
False Recognition 1.0 

Older 
True Recall False Recall True Recog False Recog 

True Recall 1.0 .004 .44* -.19 
False Recall 1.0 .15 .19 
True Recognition 1.0 .10 
False Recognition 1.0 

Delayed Test-Previously Untested 

Younger 

True Recall False Recall True Recog False Recog 

True Recall 1.0 .24 .03 -.14 
False Recall 1.0 .04 -.01 
True Recognition 1.0 .63* 
False Recognition 1.0 

Older 

True Recall False Recall True Recog False 
Recog 
True Recall 1.0 .004 .22 .14 
False Recall 1.0 -.007 .14 
True Recognition 1.0 .47* 
False Recognition 1.0 
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Delayed Test-Prior Testing 

Younger 

True Recall False Recall True Recog False Recog 

True Recall 1.0 .24 .29* .15 
False Recall 1.0 -.07 -.12 
True Recognition 1.0 .52* 
False Recognition 1.0 

Older 
True Recall False Recall True Recog False Recog 

True Recall 1.0 .004 .42* -.34 
False Recall 1.0 .23 .23 
True Recognition 1.0 .23 
False Recognition 1.0 
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Table 19 
Correlations between immediate and delayed test item bv list strength and recall 
condition. Exp 1. 

Recall 

No recall 

High lists 

Low lists 

T 

.60* 

.54* 

.46* 

.50* 

Younger 
CD RD 

29* 

. 18  

.20 

.16 

.14 

.33* 

.34* 

.07 

UD 

.42* 

.45* 

.33* 

.39* 

UCD 

.16 

.16 

.18  

.06 

Recall 

No recall 

High lists 

Low lists 

T 

.63* 

.59* 

.65* 

.66* 

Older 
CD RD 

.47^ 

.43^ 

.28'* 

.48^ 

. j j .  

.16 

.36^ 

.27 

UD 

.47* 

.47* 

.33* 

.25 

UCD 

.34* 

.34* 

.20 

.25 
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Table 20 
Mean acceptance Proportions (A' values in parenthesis) for age and item, immediate and 
delav test. Exp 2. 

Age Group 

Target 

Related Distractors 

False Distractors 

Unrelated Distractor 

K/1 

M/SD (A") 
.71/.20(.75) 

.65/.22 (.73) 

.37/.24(.52) 

.30/.27 

Immediate 
5/6 Gains 

M/SD (A') 
.73/.19(.86) .13 

.511.11 (.11) .04 

.18/.I5(.48) -.04 

.10/.12 

Delav 

Target 

Related Distractors 

False Distractors 

.61/.15(.63) 

.56/. 16 (.59) 

.41/.21 (.46) 

.6l/.I7(.71) .08 

.55/. 18 (.66) .07 

.25/. 13 (.42) -.04 

Unrelated Distractor .44/. 18 .29/. 14 



Table 22 
Mean acceptance Proportions (A' values in parenthesis) items bv repetition, immediate 
and delay test. Exp 2. 

Level of Repetition 

Items 
Target 

Control 

M/SD 

Vrep 

M/SD 

Grep 

M/SD 
Immediate 

Contradiction 

M/SD 

.65/.33(.77) .78/.30(.83) .78/.32(.84) .68/.34(.78) 

Related Distractors .60/.39(.73) .61/.38(.75) .70/.34(.8l) .53/.36(.70) 

False Distractors .20/.33(.44) .18/.30(.42) .20/.33 (.45) .52/.36(.69) 

Unrelated Distractor .19/.28 .22/.34 .20/.33 .20/.31 

Delav 

Target .58/.27(.64) .66/.24(.69) .61/.26(.67) .6l/.25(.66) 

Related Distractors .54/.28(.6l) .57/.28(.63) .59/.26(.65) .53/.25(.61) 

False Distractors .32/.26(.46) .28/.28(.41) .29/.29(.42) .42/.28(.52) 

Unrelated Distractor .35/.26 .35/.25 .36/.24 .38/.27 
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Table 23 
A' values for aue bv prior test. Exp 2. 

Age Group Younger Older 

Items 

No prior Test .57 .56 

Prior Test .55 .62 

Table 24 
A' values for item bv prior test. Exp 2. 

Prior Testing No Prior Testing 
Target .69 .65 

Related Distractors .65 .59 

False Distractors .41 .47 



Older 

Related Distractors .25 .25 
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Table 25 
Correlations of immediate and delav test items. EXP 2. 

Control Level of Repetition 

Target .17 

Vrep Grep 
Younger 

.14 

Contradiction 

.26"' 

Related Distractors 21* .30" .24 T) 

False Distractors .34" .19 .IV .19 

Taruet .13 .11* .3R .36* 

False Distractors .19 .16 .07 .21 
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Table 26 
Correlations of true and false memory for each condition. Exp 2. 

Level of Repetition Control Vrep Grep Contradiction 
Younger 

Immediate Test 
T/RD .28» .19 .47* .15 

T/FD . .19 .04 -.01 -.01 

Delayed Test 
T/RD -.09 .40* .14 .40« 

T/FD .04 -.14 -.10 .05 

Immediate Test 
T/RD .28* 

T/FD .20 

Delayed Test 
T/RD -.15 

T/FD .04 

Older 

.11 .45* .12 

-.25 -.03 -.13 

.33* .37* .32"' 

-.12 -.22 .02 



127 

CHAPTER V 

Discussion and Conclusion 

Experiment 1-DRM Lists 

The purpose of Experiment I was to investigate the DRM illusion in younger and 

older elementary age children. Based on previous studies showing immediate false 

memory effects in adult subjects when DRM word lists were presented and then recalled 

(Roediger & McDermott, 1995; Brainerd & Reyna. 1998b). it was expected that relative 

to younger children older children would show increased levels of false recall of the 

critical word." These expectations were supported under some conditions that similarly 

support high levels of false recall in adults. Specifically, elevated levels of false recall 

were observed for high strength DRM lists in older children. Younger children did not 

respond to manipulations that increased false recall in adults. In addition to elevated 

false recall, studies testing recognition memory for DRM lists also found that adults 

falsely recognize critical words at an elevated rate (Payne et al.. 1996), even on 

immediate recognition memory tests. In this experiment, children at both ages 

responded to the exposure of DRM lists on recognition memory tests as demonstrated by 

higher levels of false recognition of critical distractors than other distractors that were 

related to the list's theme. However, the false recognition effect was smaller in younger 

children. Consistent with adults, false recognition of the critical word was more 

pronounced when lists were recalled prior to recognition testing. 

' While in the Roediger & McDermott study adults reported high confidence in their memories for the 
presentation of the critical word, confidence rating was not included in the design of this study due to the 
increased likelyhood of confounding recall results. However, during the recall testing children often said "I 
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DRM word lists have been used by investigators to test the false memorv- illusion. 

I) to determine list characteristics that influence false recall (Roediger et al.. in press); 2) 

to develop normative information about how specific lists function (Stadler et al.. 1999); 

and 3) to examine performance in elderly subjects and those with specific memory 

impairments (Schacter. et al., 1996; Balota et al., 1999; Melo et al.. 1999; Kensinger & 

Schacter. 1999) These studies have shown DRM false recall of the critical word can be 

predicted by variables describing word lists. DRM lists vary in their effectiveness in 

producing false recall and recognition, and lists elicit levels false recognition and recall in 

clinical populations that deviate from those found in normal adults. FTT's e.xplanation of 

these false memory effects focuses on the relative contribution of gist level memory-

representations during recall and recognition of list words. Findings from these studies 

show that older children's memory functioning resembles adults", but with less dramatic 

false memory effects. Younger children's memory performance does not resemble adult 

pattems of memory performance, and this is most striking on recall tests. Younger 

children's susceptibility to the false memory illusion was very limited. The implications 

of these findings will be discussed in terms of dissociated verbatim-gist retrieval. 

memory trace availability, and age variability' in gist and verbatim memory processing. 

Each of these will be considered with regard to children's recall, immediate recognition, 

delayed recognition, and last, the relationship between true and false memory. 

think" following the recall of a critical word. This suggests that children's confidence in their false recall 
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Recall 

False recall of targets and critical words. 

Based on recall data with adult subjects (e.g. Brainerd & Reyna, 1998b; Payne et 

al.. 1996; Roediger & McDermott, 1995; Stadler et al.. 1999; Roediger et al.. in press 

Schacter. et al., 1996; Melo et al., 1999), it was expected that children's false recall levels 

would be lower than adult levels, and younger children would recall fewer critical words 

than older children would. The expected results in older children were confirmed. 

However, recall of the critical words in younger children was lower than expected. 

Younger children's false recall was near floor levels. This was even the case for high 

strength lists-the same lists that were especially effective at increasing false recall in 

adults. For e.xample. given the DRM list containing NURSE. HOSPITAL. SICK etc.. 

adults falsely recalled the word DOCTOR at a rate of 60%. with older children's at a rate 

of 26%. However, younger children were unlikely to recall the word DOCTOR, and did 

so at a rate of only 6%. Other aspects of young children's word recall were normal, e.g., 

levels of true word recall were age appropriate and their recall conformed to normal serial 

position curve effects, underscoring the contrast in false recall between young children 

and adult recall performance." 

In contrast to young children's near floor levels of false recall of the critical 

words, older children's pattern of false recall resembled adults. Specifically, older 

children had a false recall rate of 27%. compared to adult's rate of 40% and high DRM 

of critical words may be lower than what has been reported in adults. 
~ Young children's overt attempts to remember presented words included strategies such as. repeating 
individual words out loud, repeating strings of words out loud and subvocalizing as demonstrated by 
observations of lip movements. 



130 

list strength increased these false recall levels in both groups. In older children, more 

than half of the high strength lists were effective in producing levels of false recall that 

surpassed levels in low strength lists. Older children's false recall not only resembled 

adults' in recall of the critical word, but general patterns of intrusions were also 

consistent. Adults" recall was composed primarily of presented DRM words, the critical 

distractor. and some words related to the DRM list theme. Older children's response 

pattern was similar. For instance, following the DOCTOR list, older children's and 

adults' recall tended to include presented words- NURSE, HOSPITAL. SICK. DENTIST. 

OFFICE. MEDICINE, the critical word- DOCTOR and an unpresented related word-

HURT. Young children's recall looked different. Their recall included presented words-

NURSE. HOSPITAL. SICK, and sometimes words from other DRM lists that were 

presented earlier-TIGER (from the LION list). WAR (from the ARMY list). Older 

children and adults recalled presented words and were likely to falsely recall the critical 

distractor. and other words related to the DRM list theme. This standard pattern was 

absent in young children. Younger children's pattern of performance deviated markedly 

from older children's and adults'. According to FTT, false recall occurs for one of two 

reasons: I) retrieval of the wrong verbatim memory, or 2) retrieval of gist memories 

when verbatim is needed (Reyna & Lloyd. 1997). (See also Reyna (1995) for a 

descriptive ta.\onomy of memory judgments.) Factors that increase the likelihood of 

retrieval of gist memory representations include repeated cueing of meaning. DRM lists 

provide strong cueing of list themes and, therefore, increase recall of words based on 

stored gist memory representations. Because gist processing abilities are limited in 
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younger children, false recall based on retrieval of gist representations is also markedly 

reduced in younger children, as well. Increased ability to process the gist of DRM lists in 

older children accounts for increased false recall of the critical words because older 

children's recall is based on retrieval of strongly cued gist memories of DRM themes, 

and critical words are excellent examples of these list themes. 

Intrusions in vounger children's recall. 

Younger children's recall violated the list's theme nearly as often as it complied 

w ith the list theme. Levels of recall of words from previously presented DRM lists were 

equal to the false recall of words that were consistent with the list's theme. In adults, 

intrusion rates for the critical distractor are higher than unpresented words, and are almost 

always consistent with the lists theme (Payne et al.. 1999). Older children's recall in this 

experiment was consistent with adult data in that both older children and adults rarely 

recall words that violate the list's theme. FTT's explanation for these findings is based 

on the verbatim-gist distinction. Exposure to the DRM lists is repeatedly cueing the gist 

of the DRM list's central theme, e.g.. medical words. Repeated exposure to words from 

the DOCTOR list cue the conceptual basis for medical words. Further. FTT describes 

specific developmental trajectories for the development of verbatim and gist memory 

processing. Younger children are more "verbatim dependent". As a consequence, recall 

is more •^vord dependent" and less "list theme dependent." Otherwise they would not 

have recalled words that were from other word lists with very different meanings. While 

older children have better verbatim memory for list words, retrieval of these words did 

not limit gist processing that led to elevated levels of false recall. The processing of gist 
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memory representations undergoes rapid development during the earlier elementary 

school years (Reyna. 1995). In addition, older children are less susceptible to 

interference effects from competing memory representations. Ages of the children in this 

study straddle this important developmental period and are therefore predictive of the 

ability to process "the gist" as well as inhibit interference. In contrast to the young 

children, older children readily formed gist memory representations preserving the 

conceptual nature of the DRM words, as well as, inhibit competing verbatim 

representations and, therefore, had recall that was consistent with list themes. 

Dependency analysis of true and false memory. 

Further support for the qualitative difference in the recall of young and older 

children is found in the relationship between true recall and false recall. Because the 

instructions in this experiment asked the children to recall the words from the DRM list 

that they just heard, patterns of independence were expected. When instructions focus 

children on memory for exact information, processing of verbatim level memory 

representations is more likely. Under instructional conditions that emphasize retrieval of 

exact information, true recall of presented words is assumed to be a verbatim based 

memory judgement (Reyna & Kieman. 1994). On the other hand, false recall of words 

related to the a list's theme is a gist based memory judgment. In this case, stochastic 

dependency analysis for true and false memory judgments would be expected to be 

independent. However, if memory judgments are both based on gist memory 

representations, then we would expect to find more stochastic dependencies. Small 

correlations were obtained for older children's true and false recall at all level of 
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distractor types. True recall of DRM list words and false recall of critical, related and 

earlier list intrusions were largely independent. This supports FTT's assumption that 

distinct memory processes underlie true and false recall. This pattern of independence 

was not found in younger children, in which true recall of presented words and false 

recall of the critical distractor was positively dependent. Higher levels of true recall were 

associated with higher levels of critical intrusions. Younger children's true recall and 

false recall of earlier list intrusions was negatively dependent, e.g.. high levels of true 

recall were associated with low levels of intrusions from earlier lists. Concerning young 

children's memory dependence, because false recall of the critical distractor occurred 

infrequently, this relationship can be described as follows: when a young child falsely 

recalled a critical word, it was likely that they also had some level of true recall for 

presented list words. Young children with low true recall did not falsely recall critical 

distractors. Remember, false recall of critical words was near floor levels, most young 

children did not falsely recall any critical words. This is consistent with FTT's 

description of early memory development. Concerning memory independence found in 

younger children, high levels of true recall were associated with low levels of earlier list 

intrusions. When young children had high levels of accurate recall, they were less likely 

to recall words from earlier lists. This may be attributed to younger children not having a 

fall back position when they were unable to recall any list words. If younger children 

were not processing the gist like older children, when their verbatim recall failed and gist 

memory representations were less available, then verbatim recall that violated list themes 

formed the basis for their recall. 
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Recall data from Experiment I demonstrated that young children were resistant to 

the DRM false memory illusion. Younger children's recall differed quantitatively (lower 

levels of false recall of the critical distractors) and qualitatively (intrusions that deviated 

from adult patterns). Recognition memory also showed important age variability when 

memory for DRM lists was subjected to recognition testing. 

Immediate Recognition 

Data from this experiment also demonstrated that on recognition tests younger 

children responded less to the etTects of exposure to DRM lists than older children and 

adults. While young children did show increased levels of false memory for critical 

distractors on immediate recognition memory tests, their false memory, in response to 

DRM lists, was limited and below levels found in older children.^ For example, like the 

pattern found in adults (Stadler et al.. 1999), older children had increased false 

recognition to critical distractors from high lists but not low lists. Younger children's 

false recognition rates for high and low lists were not distinguishable and fell below 

levels found in older children. To illustrate using DOCTOR, a high strength critical 

word, younger children falsely recognized this critical distractor at mean rate of 48%. 

compared to older children (.78) and adults (.71). This low false recognition rate for 

DOCTOR, found in younger children, fell below their own mean false recognition rate 

' An important consideration is the relative sensitivity of recognition tests to the contents of memory . 
Recall tests were often difficult for young children, even thought they were administered directly following 
the presentation of each DRM list. Comments made, during the recall portion of the test included, 'it is 
hard to remember all of them because there are so many words all at the same time. Pm trying to 
remember the ones back there (points in the air) when I heard the ones out here. And then I can only 
remember about one word back there (points in same direction). " "I can't remember anymore it's like-just 
blind! (points to head)" After recalling only one word, MOUSE, a child commented that "The mouse 
crawled up and locked the words in my head.*  ̂
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for all critical words C-52). Two other high strength critical distractors had false 

recognition rates that fell below younger children's own mean, SMELL (.45), and 

WINDOW (.30). 

In adult DRM studies, true and false memory are nearly equivalent (when false 

recognition of critical distractors is the measure of false memory), with false recognition 

of the high list critical distractors exceeding target recognition levels. In this study, older 

children's recognition was much like adults, i.e.. levels of false memory near target levels 

for high lists and above low list levels. Younger children's false memory for critical 

distractors was equivalent for high and low lists, below target levels, and above levels of 

false recall of related distractors. The greatest developmental gains in children were 

found for false memorv'. This gain was specific to critical distractors that were from high 

lists. Developmental gains in true memory were also evident for the recall of DRM 

words. These gains were equal across high and low lists, and equaled the developmental 

improvement of false memory if high and low list strength was considered together. True 

memory development surpassed false memory development of low strength lists and fell 

behind false memory development of high strength lists. When the measure of false 

memory was related distractors, true memory exceeded false memory at both age levels, 

across high and low list strength. 

The important fmding in older children's false recall of critical distractors from 

high strength DRM lists being elevated higher their own false recall for low lists, and the 

absence of this finding younger children is explained by FTT. FTT would predict that list 

strength would interact with age, in that high lists would increase false memory for 
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critical distractors in older children but not in younger ones, because high lists are 

especially effective at cueing the meaning of the DRM list theme. This repeated cueing 

strengthens the gist memory representations that support false memory judgments. 

According to FTT. in order to make recognition judgments, older children are more likely 

to access gist memory representations than younger children. Taken together, older 

children respond more to the cueing that the high lists provide and are more likely to rely 

on these stored memories on a recognition memory test. Thus, in this study, using DRM 

lists that repeatedly cue gist memory, false memory increases with age during the normal 

course of memory development. Remember. FTT describes memory development as not 

unitary, but rather encompassing changes in independent gist and verbatim memory-

representations. Gist representations are more durable, while verbatim representations 

disintegrate rapidly and are susceptible to interference (Reyna & Lloyd. 1997). Age 

related improvements in memory are attributed to variations in both older and younger 

children's processing of gist and verbatim memory. In the case of DRM lists, age related 

improvements in processing DRM list meaning account for the greatest developmental 

gains in false memory found for high list critical distractors. Children who have 

processed the gist of words in each DRM list, know that many words related to the lists" 

theme have been presented. Generally, the difference between true memory and false 

memory for critical distractors was stable over age levels. However, this difference 

narrowed for high lists and widened for low lists due to higher levels of false recall for 

high strength lists. 
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Also consistent with the adult data, results from this experiment show increased 

false memory for DRM lists that have been previously recalled. Levels of false 

recognition for critical distractors from high lists that have been previously recalled are as 

high as 82% in adults (see Stadler et al.. 1999). The effect of prior recall increased 

recognition rates for high list in older children beyond levels found in low lists. The 

reverse was true for younger children. Prior recall pushed recognition of low list words 

above rates found in high list words. Prior recall affected older and younger children by 

supporting recognition on high lists (older children) or low lists (younger children). 

Within high and low list levels, recall increased recognition beyond the no recall 

condition in older children for high lists only, and increased recognition beyond the no 

recall condition for low lists only in younger children. .Across recognition items (on the 

immediate test), recall increased YES responses for older and younger children in 

different ways. Recall elevated true and false recall in younger children in a manner 

more consistent with adults' result. In adult studies, prior recall increased false recall of 

critical distractors. 

Delayed Recognition 

Memory for DRM word lists following a delay has been tested by Brainerd el al. 

(2001), Payne et al. (1996). and Toglia, Neuschatz & Goodwin (1999) in a 24 hour delay 

interval, with results showing lower levels of target memor>' (55%) and sustained levels 

of false recognition (66%). Delayed testing results from this experiment are consistent 

with this trend. In children, following a 2-3 day delay interval, target recognition (.69) 

and false recognition of critical distractors (.65) were at similar levels, and both were 
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higher than false recognition of related distractors. Keep in mind at the immediate test, 

targets were greater than critical distractors, which, in turn, were greater than related 

distractors. The impact of delayed testing on this order of magnitude was to decrease true 

memory and increase false memory for critical distractors to levels equal to each other 

and above related distractors. 

Delayed recognition testing is particularly important in this design for two 

reasons, I) memory testing that includes a delay interval is an excellent opportunity to 

test memory that has been subject to the influence of forgetting and 2) delayed memory 

testing may reveal age differences that would otherwise go unnoticed. Empirical work in 

the area of forgetting has shown that memory for e.xact information and specific details is 

lost more rapidly than memory for the meaning or conceptual understanding. Younger 

children, in particular, are susceptible to this verbatim forgetting effect (Reyna. 1995). 

FTT assumes that memory performance following a delay will be more dependent on gist 

memory representations, and the effects of this dependency will be more pronounced in 

younger children. 

Age differences in children's response to DRM lists following the delay interval 

must take into consideration the effects of prior testing (Brainerd & Reyna, 1996). 

Therefore, results from delayed testing will be discussed with regard to items that were 

tested at the immediate test (prior testing) and those items that did not appear on the 

immediate test (no prior testing). Because in the case of the former, subjects w ill have 

heard the test item, leading to increased levels of YES responses to both true items 

(memory inoculation) and false items. While in both of these cases, recognition memory 
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judgments on the delay test can be the result of stored memory representations of 

verbatim traces for the item on the irmnediate test, and both can lead to increases in true 

and false memory. 

Prior testing in this study increased recognition rates for ail items beyond levels 

found in previously untested items. Additionally, prior testing interacted with age. item 

and order in the following manner: Developmental increases in memor\' were greatest for 

false recognition of critical distractors presented in the forward order (+.22). followed by 

targets in the backward order (+.14). without the influence of prior testing. This finding 

is important because the greatest developmental increases in this experiment, over a delay 

interval, were found under conditions that were expected to increase reliance on gist 

processing. Substantial development gains in false memory were found when false 

memory judgements for critical words from DRM lists were made at a delay test when 

exposure to DRM lists was in the forward order (strongest associates of the critical word 

presented first). Developmental decreases were found for false memory of related 

distractors. 

The influence of prior testing on later memory judgments for targets was greater 

for older children than for younger children, though target acceptance rates increased at 

both age levels. For true memory. A' values for older kids reached .82. while younger 

children's memory for target words was .67. Significant increases in target memory due 

to prior testing were found for older children (+.13) and younger children (+.09). While 

the greatest increase in memory for targets was for older children in the forward order, 

generally, prior testing increased target recognition for both older and younger children. 
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This finding was expected because exposure to targets on the immediate test strengthens 

memory representations for those targets. Whether these memory representations are 

verbatim or gist-based, the result is increased target acceptance at the delay test. 

The influence of prior testing on false memory judgement for critical distractors 

also increased false memory. When false memory was measured by critical distractor 

rate, increases were found for both older and younger children. This increase in false 

memory was in the backward condition for older children and in the forward condition 

for younger children. Because the rate of false recognition of critical distractors was 

larger for DRM lists in the forward order for older children, the effect of prior testing 

added little to the false recognition rate for these words. Prior testing increased false 

recognition rates for older children, but more so in the backward order. While for 

younger children, the effects of prior testing on memory increased false recognition of 

critical distractors in the forward order, beyond the levels found in the backward 

condition. The effect of prior testing increased false recognition rates for younger 

children more so in the forward order. The influence of prior testing on target memorv-

also influences delayed test performance on critical distractors. In adult DRM studies, 

increased levels of target memory are associated with decreases in false memory. Thus, 

memory judgements for critical distractors that appear on prior tests are influenced not 

only by merely being presented on the immediate test (Brainerd «S: Reyna, 1996), but also 

by the repeated exposure to targets belonging to its corresponding DRM list. 

When false memory was measured by false recognition of related distractors. the 

effect of prior testing was more pronounced in older children (+ .26) than in younger 



141 

children (+.08). Both increases were significant. The rate of false recognition of related 

distractors for both older and younger children is below target and critical distractor 

levels both with and without prior testing. The effect of prior testing increases older 

children's false alarm rate higher than younger children's. Without prior testing, older 

children have lower false recognition rates for unrelated distractors than younger 

children. Prior testing increases false recognition rates of related distractors above levels 

found in younger children. 

For delayed items with and without prior testing, mean recognition rate in older 

children for critical distractors from previously recalled high lists was 74%. Younger 

children's false recognition of critical distractors from recalled high lists was only 48%. 

Younger children did not respond to the effects of recall as did older children and adults. 

Again, memory development on delayed memory tests showed the greatest gains 

for high strength lists, and this was most pronounced for false memor>- of critical 

distractors. Older children's false recognition, like that found in adults, was higher for 

high list critical distractors than those from low lists. However, this was not the case for 

younger children, who had levels of false recognition that were similar across high and 

low lists. Also, at the delay, younger children's false recognition for critical distractors 

and related distractors was not reliably different. F IT predicts that older children, but not 

younger children, will respond to the effect of high strength lists, and that this effect will 

be more pronounced on delayed tests when gist memory is the basis for memory 

judgements. In addition, FTT predicts that, following a delay, memory performance for 

older and younger children will look similar. These results support both predictions. 
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Correlations in Memory Performance 

High correlations are found for targets tested on the irmnediate and delayed test 

for both older and younger children. That is. high levels of YES responses on the 

immediate test are associated with high levels on delay test. This pattern is also found for 

critical distractor recognition rates in older children. Older children's YES responses to 

critical distractors are followed by YES responses on the delayed test. These same 

correlations are not found in their response rates to related distractors. In contrast, 

younger children do not show this same positive correlation between false recognition on 

the immediate and delay test for critical distractors. Younger children's related 

distractors are more highly correlated than critical distractors. Taken together, true 

memory performance is consistent across test sessions in younger and older children. 

False memory performance is stable across test sessions for older, but not younger, 

children. This finding is predicted by FTT's assumption regarding the relative 

availability of gist and verbatim memory representations. Gist memory processing is 

more developed in older children and is available after a delay. As demonstrated by 

stable false memory for critical distractors over time, older children's false memory 

persists over a delay interval. 

Significant positive correlations between true recognition and false recognition 

(as measured by critical distractors) are found for young children at the immediate and 

delayed test. In contrast, older children's true/false recognition is significantly correlated 

only at the delay, when items were not previously tested. FTT predicts that true memory 

and false memory will be independent (not correlated) when memory judgments are 
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based on independent verbatim and gist representations. Memory independence is 

predicted to vary with age (younger children show less memory independence), is most 

pronounced at immediate tests, and less evident following a delay (Reyna & Lloyd, 

1997). At immediate tests, when verbatim memories are still available, targets cue 

verbatim memory representations, which subsequently form the basis of memory 

judgments. On the other hand, distractors cue gist memories, which form the basis of 

false memor>' judgments. When targets cue verbatim representations and distractors cue 

gist representations, the correlation between true and false memory is low. owing to the 

fact that true and false memory are not dependent on the same underlying memory 

representation. After a delay, both targets and distractors cue gist representations that are 

more durable, and thus still available for processing. Gist representations, then, form the 

basis of recognition judgments involving both targets and distractors. resulting in an 

increased correlation between true and false memory . This was confirmed in older 

children, as evidenced by an insignificant correlation at the immediate test, with a 

significant positive correlation between true and false recognition at the delay. Note: The 

effect of previous testing lowered this correlation, suggesting that the influence of prior 

testing strengthened verbatim level memory representations beyond increased gist level 

processing. 

E.\periment 2-Short Stories 

Experiment 2 was included in this study to provide more information about the 

accuracy of children's memory under conditions where theme consistent information is 

presented in a short story format. Stories provide an opportunity to present information 
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to children with an emphasis on meaning. Because memory for meaning is supported by 

gist memory representations, short stories were used to further explore memory for the 

gist in children. In Experiment 1, false recognition of words was shown to demonstrate 

considerable age variability, underscoring the development of gist processing within the 

early elementary to late elementary age range. 

The purpose of Experiment 2 was to determine whether memory performance for 

sentences presented in a short story would vary when sentences within the storv' were 

repeated. The factor repetition was varied within each story. Levels of repetition were 

created by repeating sentences either verbatim, or modified to retain the sentence 

meaning, or. finally, modified to contradict the original sentence. Two different age 

groups were tested to determine age variability in differentiating implied sentences and 

false sentences (opposing information) from sentences that were presented. 

Findings of this study will be discussed with respect to both previous 

research findings and assumptions of FTT. Discussion will begin with immediate test 

results and the effects of repetition on memory for stories, followed by the effects of 

repetition on delayed recognition of story information, and finally stochastic dependency 

analysis for true and false memory will be discussed. 

Immediate Recognition- Short Stories 

Based on results from previous studies (Ackerman, 1994; Beal, 1990; Reyna. 

1996; Reyna & Kieman, 1994), memory judgements based on meaning occur more 

frequently in older children and following a delay; older and younger children's memory 

performance will look more similar when they based memory judgements on story 
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meaning; and repetition of stated information can both increase and decrease memory 

accuracy. When conditions in this experiment were similar to those described in prior 

studies, previous findings were supported. For example, at the delay test, false 

recognition of sentences that retained the meaning of presented sentences was higher in 

older children than in younger children. 

Previous studies have suggested that age differences in the availability and 

accessibility of verbatim and gist memory representations account for both age 

differences in memory performance and false memory phenomenon (Reyna & Keiman. 

1994; Reyna. 1996). Additionally, memorv' limitations have been attributed to weak 

memory for source in younger children (Ackerman. 1994; Beal. 1990). 

Older and younger children's pattern of memory performance on the immediate 

tests in this study differed. In general, older children' memorv' for the stories was better 

than younger children's memories. Specifically, when YES response rates were 

compared for 3 item types: targets, related distractors. and false distractors. age 

differences in memory performance were as follows: a) in older children, true memory 

for target sentences was higher than false memory for related sentences, with both higher 

than memory for false distractors; and 2) in younger children, at the immediate test, 

memory for targets and related distractors were both higher than false distractors. Older 

children were able to differentiate targets from related distractors on the immediate test, 

while for younger children, target recognition was not reliably higher than recognition of 

related distractors. This was due to developmental gains in memory for targets. Previous 

studies using short stories varying in length have found mean accuracy proportions 
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consistent with target level acceptance rates found in this study (Reyna & Kieman. 1994. 

Reyna & Kieman. 1995, Kieman, 1993), however levels of false recognition in older 

children were higher than those found in these studies. 

Remember, short stories presented to the children in this experiment contained 

sentences that were strongly related to a central idea and varied in their level of 

repetition. These sentences stated ideas about a specific subject. For example, in the 

control condition, this story contains 6 sentences all about a trip to the zoo: "Dan wanted 

to go to the zoo. His mother was happy to go with him. Dan had flm at the zoo. Dan 

looked at all the animals. Many of the animals were tlirry. His favorite animals were the 

elephants." The verbatim repetition condition repeated the third sentence. "Dan has fun 

at the zoo." in fifth sentence position. Gist repetition condition repeated the meaning of 

the third sentence with. "Dan enjoyed the zoo." And in the contradiction condition, the 

third sentence was contradicted with. "Dan was bored at the zoo." All si.xteen versions, 

independent of experimental manipulations, provided strong cueing of the stories* 

meaning. 

High levels of true and false memory are predicted when reliance on gist memory 

supports immediate memory judgments. According to FTT, gist representations can 

support both tme and false memory if both targets and related distractors resemble the 

gist representation enough to support a judgment of similarit\'. A gist memory 

representation would also support a NO response when compared to a false distractor if 

the distractor was not judged to be similar to gist. False distractors that share some 

features of gist memories may or may not be falsely recognized if other meaning 
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inconsistencies exist. For example, in the story previously presented, the false distractor, 

"Dan didn't like the zoo." shares the features, "boy at the zoo", with the presented target 

sentence, "Dan had fun at the zoo," but does not share the same meaning, "having fun." 

Across age groups, verbatim repetition increased memory for targets beyond 

targets level in the control condition, but not more than the effect of gist repetition on 

target accuracy. This is predicted by FTT because verbatim memory representations are 

strengthened (and, therefore, are more resistant to disintegration) when I) they are 

repeated verbatim (Reyna, 1995) or 2) when the gist is repeated. However, gist repetition 

increased false memorv' for related distractors beyond levels found in the control 

condition, while verbatim repetition did not increase false recognition of related 

distractors. According to FTT. both true memories and false memories can be 

strengthened by repetition of the gist, which accounts for the increases in both memor\' 

for targets and related distractors. Neither verbatim nor gist repetition increased false 

recognition of false distractors. False recognition of false distractors was increased when 

sentences were contradicted. Contradiction did not increase target or related distractor 

acceptance rales beyond control levels. Contradiction effects have been shown to 

increase false memory and decrease true memory (Reyna. 1996b). FTT explains these 

flndings as a consequence of repeated gist cueing because contradictory information 

carries shared meaning (albeit an opposing view) and, therefore, cues the gist for the 

original sentence (Reyna & Lloyd, 1997). The effect of contradiction, in this paradigm, 

increased false memory for sentences that contradicted presented sentences. 
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At the immediate test, false distractors were falsely recognized because they are 

consistent with the gist. Gist memory for meaning now incorporates meaning for original 

gist as well as opposing information. Increased levels of YES responses to false 

distractors in younger and older children were supported by gist representation for both 

original and contradictory information. 

Delayed Recognition-Short Stories 

To assess the influence of forgetting on children's true and false memory for 

stories, a delayed recognition test was administered 2-3 days following the immediate 

recognition test. TTie effect of the immediate test on subsequent recognition decisions 

was measured by testing both items that appeared on the immediate test and items that 

did not (Brainerd & Reyna. 1996). The influence of prior memor\' testing has been 

shown to elevate levels of memory for targets (true memory inoculation), as well as false 

memory for distractors (false memory persistence.) 

As predicted by FTT, the effects of prior testing are more pronounced in older 

children because gist representations are cued by prior testing, and are more available 

than verbatim representations at the delayed test. Overall, previously tested items were 

accepted at a higher rate than items that were not presented on the immediate test. At an 

item level, previous testing increased the false memory of related distractors relative to 

false distractors. However, inspection of A" values in this interaction revealed that prior 

testing of false distractors in the contradiction condition increased false memory in older 

children and decreased false memory beyond untested levels in younger children. In all 

other conditions, e.g., control, verbatim and gist repetition, prior testing of false 
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distractors lowered false memory levels of the false distractor for both older and younger 

children. This result is predicted by FTT's assumption concerning the gist processing 

preference of older elementary age children (Reyna, 1995). Younger children, on the 

other hand, do not readily process the gist of information to the extent that older children 

do. 

Across levels of repetition, with and without prior testing, age differences in item 

recognition (targets, related distractors. unrelated distractors) showed greater differences 

in magnitude, e.g. older children demonstrated better memory for targets, higher false 

memory for related distractors. and lower false memory for false dislractors than younger 

children. However, older and younger children's pattern of memory performance was 

similar. Within each age group, targets were recognized at the highest rate, and related 

distractors had lower acceptance rates than targets, but higher acceptance rates than false 

distractors. According to FTT. differences in older and younger children's memory 

performance, after a delay, decreases. This is because verbatim memory is less of a 

factor in recognition over a delay. Also consistent with this theory is the finding of 

diminished target recognition following a delay interval, and, additionally, older 

children's ability to distinguish between related and false distractors remained intact. 

Consistent with immediate test results, delayed test data showed that memory for 

targets, related distractors, and false distractors was influenced by levels of repetition. 

Inspection of mean A' values in repetition conditions revealed that, when compared to 

the control condition, the following was noted. First, increased levels of acceptance of 

targets and decreased levels of false distractors were found in the verbatim repetition. 
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Repetition of target sentence increased true memory and decreased false memory for 

opposing information. Additionally, contradiction increased levels of memory for false 

distractors to levels more consistent with false memory for related distractors. Repetition 

of the meaning of sentences increased false memory for related sentences, but not 

memory for targets. At the delay test, repetition of the meaning of sentences elevated 

false memory for related sentences, but not sentences that were presented. Unlike the 

verbatim repetition condition, gist repetition did not lower false memory for false 

statements. The effect of hearing contradictory' information increased false memory for 

false statements beyond the control condition, but not as high as level of false memory 

for related sentences. This increased false memor>- for gist consistent, albeit opposing 

information, is consistent with FTT's explanation of the effects of contraditition. 

However, exposure to contradictory information did not lower memory for true 

statements or false memor>' for related sentences. This did not confirm predictions of 

FTT. namely that contradiction should interfere with verbatim memories of sentences, 

reducing true memory performance, and cue gist memories increasing false memories for 

distractors that share meaning with the gist (Reyna & Lloyd, 1997). Findings with adults 

using a similar contradiction paradigm (Reyna, 1996b) were consistent with FTT's 

predictions. Inconsistencies in findings for this contradiction paradigm may be attributed 

to age performance or methodological differences. 

Concerning age differences in memory performance, inspection of A' values 

suggest that younger children do not respond like older children and adults to the effects 

of contradiction. Younger children's false memory for false statements at the delay test 
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were not increased above levels in the control condition, while older children's false 

memory for false statements is increased well beyond control levels. 

This interpretation of the data is supported by positive correlations between 

immediate and delayed testing for targets, related distractors and false distractors as 

follows: In older children, positive correlations between the immediate and delay test 

were found for I) targets in the verbatim repetition, gist repetition and contradiction 

condition, 2) related distractors in the gist repetition condition, and 3) false distractors in 

the contradiction condition (non-significant correlation). In younger children, 

correlations do not support this interpretation. One of the five correlations reached a level 

of significance. Keep in mind. FTT predicts that contradiction cues gist memor\-. Thus, 

under conditions that optimized the processing of gist level memory representations in 

older children, when younger children are presented with material that cues the gist, they 

are less likely to process the meaning, and are. therefore, less likely to respond YES to 

false distractors. 

Stochastic Dependency Analvsis for True and False Memorv 

Stochastic dependency analyses provided support for evidence that recognition of 

targets and distractors were related, and, according to FTT, assumed to be based on gist 

memory representation. In other words, children were more likely to say YES to a related 

distractor when they also recognized target level information. Targets and related 

distractors at the immediate test were significantly positively correlated for four of eight 

correlations in older and younger children. Such ties between true and false recognition 

suggest that children were basing their responses many times on the story meaning. The 
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fact that both younger and older children showed predominately positive stochastic 

dependencies in recognizing the target and its gist suggests that all children were 

influenced by the repeated cueing of the story theme. Further, significant positive 

correlations for both older and younger children were found in the control and gist 

repetition conditions for targets and related distractors. with the gist level dependencies 

e.xceeding those found at the control condition. Indeed, the control condition strongly 

imbued the story meaning, but gist repetition added still further gist cueing. 

•At the delay test, significant positive correlations were found at all levels of 

repetition (e.g.. verbatim, gist, and contradiction) between targets and related distractors 

in older children. This relationship was also evident in the verbatim and contradiction 

condition in younger children at the delay test. Positive dependencies are predicted by 

F'lT when memory for the verbatim representation is unavailable, e.g.. follow ing a delay 

interval, thus memory judgements-both true and false-are more dependent on gist 

representations. While direct measures of the memorial basis of recognition judgements 

are impossible, positive stochastic dependencies suggest that a common underlying 

representation is responsible for these judgements. Near zero correlations between target 

and distractor recognition suggest that memory judgments are independent, supporting 

the assumption that distinct memory representation underlie target and distractor 

recognition rates. According to FTT, distinct verbatim and gist memory representations 

are formed when children are asked to remember short stories. To the extent that the 

relationship between memory for presented story information and memory for the gist of 

the story is one of independence. FTT would predict that targets cue the retrieval of 
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verbatim level representations, and distractors cue gist representations. When the 

relationship is one of dependency, FTT would assume that targets cued gist level memory 

representation because verbatim level information was unavailable or inaccessible. 

Factors that increase the retrieval of gist memory representations include, testing 

following a delay and age variability in gist processing preference. 

No significant positive correlations were found for targets and false distractors at 

the immediate or delayed test for older or younger children. Negative or near zero 

correlation made up over 50% of these correlations. This could be attributed to true and 

false memorv'judgements based on independent memory representations, or in this case, 

high levels of memory accuracy and low levels of false recognition. 

Conclusion 

The present developmental patterns found in recall and recognition of DRM word 

lists and recognition of story sentences both are predicted by assumptions of FTT and 

empirical data concerning age variabilit\' in verbatim and gist memory representations. 

Because both experiments provide child subjects with repeated exposure to thematic 

information either in the form of word lists or short sentences, central themes or story 

ideas are processed by young children to the degree that they are constrained by memor>' 

limitations. False memory effects that result from the retrieval of gist level memory 

representations that store this information are immediate and, in some cases, close to or at 

levels for true information that the children e.xperienced. Developmental trends are not in 

the direction of increased accuracy in memory performance, but rather the direction of 

increased false memory. Developments in memory toward more effective reasoning and 
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problem solving, by-products of increased ability to encode, store and access gist level 

memory representations, also lead to increased difficulty differentiating what has actually 

been experienced with what is related to experience. While the precursors for both the 

ability to benefit from gist processing and the pitfalls of false memory associated with its 

use are evident in early elementary age children, they are limited. Clearly, younger 

children are able to process the gist of short stories as shown by their abilitv' to 

distinguish targets from false distractors. Yet, when these same children are presented 

with DRM word lists, they do not readily process the lists theme to the extent that they 

show elevated false recall like adults, or inhibit intrusions that clearly violate the lists" 

theme. When a more sensitive measure of the contents of memory is used, younger 

children still show quantitative differences as compared to older children and adults, and 

do not consistently respond to experimental manipulations that strengthen gist 

representations. Clearly, limits in gist processing of the DRM lists are apparent, even on 

recognition memory tests. 

FTT provides a necessary distinction in memory processing. This fundamental 

distinction between verbatim and gist processing explains the preponderance of the 

memory testing results obtained in these two experiments. The use of both DRM lists 

and the short stories contradiction paradigm has put to test developmental differences 

associated with storage of gist memories. These developmental differences resxilt in near 

floor levels of false recall in the DRM paradigm for younger children, suggesting that gist 

processing did not predominate during the free recall task. When younger children were 

tested with a more sensitive memory measure (recognition testing), false recognition of 



155 

the DRM critical word was present in the younger children, but it was not at the same 

level as older children. Nor were younger children as responsive to important 

experimental conditions that increase false memory in adults by strengthening memorv' 

for the DRM list meaning. These results underscore the huge developmental 

improvements in gist processing that occur in the earlier elementarv' school years. 

Finally, results from E.xperiment 2 suggest that under conditions that appear to maximize 

gist processing in younger children, i.e.. the presentation of related sentences that draw 

on a central story line and memory testing that does not involve recall, younger children 

have fewer qualitative differences and respond not unlike older children. False memor>' 

for contradictory Information was evident at both age levels. This runs counter to 

suggestibilitv studies, where younger children produce false memor\- that surpasses older 

children and adults. 

FTT's analysis of tasks that produce false recall and false recognition centers on 

age variabilitv' in children's ability to generate and process gist memories and conditions 

that shift this processing towards greater reliance on gist representations or verbatim 

representations. Clearly, the tasks in both experiments in this study exploit opportunities 

that bolster gist level processing, and the residts increase false recall and recognition. 

Manipulations that shift the emphasis towards processing verbatim memories within both 

of these paradigms would be expected to decrease false memory effects. Examples in the 

DRM paradigm that would encourage verbatim processing would include visual 

presentation of word lists, shorter lists, and other encoding manipulations that increased 

the distinctiveness of words. In the short story paradigm, similar manipulations such as 
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visual depictions of story items and fewer sentences would also be effective in increasing 

verbatim processing and decreasing false memory. Both younger children and adult 

subjects with memory impairments that limit retention of gist memories, such as those 

with medial temporal/diencephalic structures, would be important to include in research 

studies. 



157 

APPENDIX A 
Experiment 1 
DRM Word Lists 
FORWARD order. HIGH recall 
1. door glass pane shade ledge sell house open curtain frame view breeze 
(window) 
2. bed rest awake tired dream wade snooze blanket doze slumber snore nap (sleep) 
3. nose breathe sniff aroma hear see nostril whiff scent reek stench fragrance 
(smell) 
4. nurse sick lawyer medicine health hospital dentist physician ill patient office 
stethoscope (doctor) 
5. sour candy sugar, bitter good taste tooth nice honey soda chocolate heart (sweet) 
6. table sit legs seat couch desk recliner sofa wood cushion swivel stool (chair) 
7. cigarette puff blaze billows pollution ashes cigar chimney fire tobacco stink pipe 
(smoke) 
8. smooth bumpy road tough sandpaper jagged ready coarse uneven riders rugged sand 
(rough) 
FORWARD order. LOW recall 
29. blouse sleeves pants tie button shorts iron polo collar vest pocket jersey (shirt) 
30. low clouds up tall tower jump above building noon cliff sky over (high) 
31. Navy soldier United States rifle Air Force draft military Marines march infantry 
captain war (army) 
32. woman husband uncle lady mouse male father strong friend beard person handsome 
(man) 
33. steal robber crook burglar money cop bad rob jail gun villain crime (thief) 
34. tiger circus jungle tamer den cub Africa mane cage feline roar fierce (lion) 
35. apple vegetable orange kiwi circus ripe pear banana berry cherry basket juice (fruit) 
36. queen England crown prince George dictator palace throne chess rule subjects 
monarch (king) 
BACKWARD order. HIGH recall 
1. breeze view frame curtain open house sell ledge shade pane glass door (window) 
2. nap snore slumber doze blanket snooze wade dream tired awake rest bed (sleep) 
3. fragrance stench reek scent whiff nostril see hear aroma sniff breathe nose (smell) 
4. stethoscope office patient ill physician dentist hospital health medicine lawyer sick 
nurse (doctor) 
5. heart chocolate soda honey nice tooth taste good bitter sugar candy sour (sweet) 
6. stool swivel cushion wood sofa recliner desk couch seat legs sit table (chair) 
7. pipe stink tobacco fire chimney cigar ashes pollution billows blaze puff cigarette 
(smoke) 
8. sand rugged riders uneven coarse ready jagged sandpaper tough road bumpy smooth 
(rough) 
BACKWARD order. LOW recall 
29. jersey pocket vest collar polo iron shorts button tie pants sleeves blouse (shirt) 
30. over sky cliff noon building above jump tower tall up clouds low (high) 
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31. war captain infantry march Marines military draft AirForce rifle UnitedStates soldier 
Navy (army) 
32. handsome person beard friend strong father male mouse lady uncle husband woman 
(man) 
33. crime villain gun jail rob bad cop money burglar crook robber steal (thieO 
34. fierce roar feline cage mane Africa cub den tamer jungle circus tiger (lion) 
35. juice basket cherry berry banana pear ripe circus kiwi orange vegetable apple (fruit) 
36. monarch subjects rule chess throne palace dictator George prince crown England 
queen (king) 
(Note: critical target in parentheses) 

Experiment 1. Study Lists 
List 1-forward' 
16(king)36RL. queen England crown prince George dictator palace throne chess rule 
subjects monarch 
I (window) IWH. door glass pane shade ledge sell house open curtain frame view 
breeze 
12(man)32WL. woman husband uncle lady mouse male father strong friend beard person 
handsome 
10(high)30RL. low clouds up tall tower jump above building noon cliff sky over 
3(smell)3WH. nose breathe sniff aroma hear see nostril whiff scent reek stench 
fragrance 
9(shirt)29WL. blouse sleeves pants tie button shorts iron polo collar vest pocket jersey 
6(chair)6RH. table sit legs seat couch desk recliner sofa wood cushion swivel stool 
14(lion)34RL. tiger circus jungle tamer den cub Africa mane cage feline roar fierce 
2(sleep)2WH. bed rest awake tired dream wade snooze blanket doze slumber snore 
nap 
8(rough)8RH. smooth bumpy road tough sandpaper jagged ready coarse uneven riders 
rugged sand 
15(fruit)35WL. apple vegetable orange kiwi circus ripe pear banana berry cherry basket 
juice 
4(doctor)4RH. nurse sick lawyer medicine health hospital dentist physician ill patient 

office stethoscope 
13(thief)33RL. steal robber crook burglar money cop bad rob jail gun villain crime 
5(sweet)5WH. sour candy sugar, bitter good taste tooth nice honey soda chocolate heart 
7(smoke)7RH. cigarette puff blaze billows pollution ashes cigar chimney fire tobacco 
stink pipe 
1 l(army)31WL. Navy soldier United States rifle Air Force draft military- Marines march 
infantry captain war 
BACKWARD 
3(smell)3WH. firagrance stench reek scent whiff nostril see hear aroma sniff breathe nose 
9(shirt)29RL. jersey pocket vest collar poio iron shorts button tie pants sleeves blouse 
2(sleep)2WH. nap snore slumber doze blanket snooze wade dream tired awake rest bed 
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7(smoke)7RH. pipe stink tobacco fire chimney cigar ashes pollution billows blaze puff 
cigarette 
11 (army)31RL. war captain infantry march Marines military draft AirForce rifle 
UnitedStates soldier Navy 
10(high)30WL. over sky cliff noon building above jump tower tall up clouds low 
5(sweet)5RH. heart chocolate soda honey nice tooth taste good bitter sugar candy sour 
l4(lion)34WL. fierce roar feline cage mane Africa cub den tamer jungle circus tiger 
I(window)I WH. breeze view frame curtain open house sell ledge shade pane glass door 
l2(man)32RL. handsome person beard friend strong father male mouse lady uncle 
husband woman 
l6(king)36WL. monarch subjects rule chess throne palace dictator George prince crown 
England queen 
4(doctor)4RH. stethoscope office patient ill physician dentist hospital health medicine 
lawyer sick nurse 
13(thief)33RL. crime villain gun jail rob bad cop money burglar crook robber steal 
6(chair)6WH. stool swivel cushion wood sofa recliner desk couch seat legs sit table 
15(fruit)35WL. juice basket cherry berry banana pear ripe circus kiwi orange vegetable 
apple 
8(rough)8RH. sand rugged riders uneven coarse ready jagged sandpaper tough road 
bumpy smooth 
List 2- FORWARD 
1 l(army)31 WL. Navy soldier United States rifle Air Force draft military Marines march 
infantry captain war 
7(smoke)7RH. cigarette puff blaze billows pollution ashes cigar chimney fire tobacco 
stink pipe 
5(sweet)5RH. sour candy sugar, bitter good taste tooth nice honey soda chocolate heart 
13(thie033WL. steal robber crook burglar money cop bad rob jail gun villain crime 
4(doctor)4RH. nurse sick lawyer medicine health hospital dentist physician ill patient 
office stethoscope 
15(fruit)35RL. apple vegetable orange kiwi circus ripe pear banana berry cherry basket 
juice 
8(rough)8WH. smooth bumpy road tough sandpaper jagged ready coarse uneven riders 
rugged sand 
2(sleep)2RH. bed rest awake tired dream wade snooze blanket doze slumber snore 
nap 
l4(lion)34RL. tiger circus jungle tamer den cub Africa mane cage feline roar fierce 
6(chair)6WH. table sit legs seat couch desk recliner sofa wood cushion swivel stool 
9(shirt)29RL. blouse sleeves pants tie button shorts iron polo collar vest pocket jersey 
3(smell)3WH. nose breathe sniff aroma hear see nostril whiff scent reek stench 
fragrance 
10(high)30WL. low clouds up tail tower jump above building noon cliff sky over 
12(man)32RL. woman husband uncle lady mouse male father strong friend beard person 
handsome 
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I (window) IWH. door glass pane shade ledge sell house open curtain frame view 
breeze 
16(king)36WL. queen England crown prince George dictator palace throne chess rule 
subjects monarch 
BACKWARD 
8(rough)8WH. sand rugged riders uneven coarse ready jagged sandpaper tough road 
bumpy smooth 
15(fruit)35RL. juice basket cherry beny banana pear ripe circus kiwi orange vegetable 
apple 
6(chair)6WH. stool swivel cushion wood sofa recliner desk couch seat legs sit table 
13(thief)33RL. crime villain gun jail rob bad cop money burglar crook robber steal 
4(doctor)4RH. stethoscope office patient ill physician dentist hospital health medicine 
lawyer sick nurse 
16(king)36WL. monarch subjects rule chess throne palace dictator George prince crown 
England queen 
12(man)32WL. handsome person beard friend strong father male mouse lady uncle 
husband woman 
1 (window) IRH. breeze view frame curtain open house sell ledge shade pane glass door 
14(lion)34WL. fierce roar feline cage mane Africa cub den tamer jungle circus tiger 
5(sweet)5WH. heart chocolate soda honey nice tooth taste good bitter sugar candy sour 
10(high)30RL. over sky cliff noon building above jump tower tall up clouds low 
1 l(army)31WL. war captain infantry march Marines military draft AirForce rifle 
UnitedStates soldier Navy 7(smoke)7RH. pipe stink tobacco fire chimney cigar ashes 
pollution billows blaze puff cigarette 
2(sleep)2WH. nap snore slumber doze blanket snooze wade dream tired awake rest bed 
9(shirt)29RL. jersey pocket vest collar polo iron shorts button tie pants sleeves blouse 
3(smell)3RH. fragrance stench reek scent whiff nostril see hear aroma sniff breathe nose 
List 3 -FORWARD 
2(sleep)2RH. bed rest awake tired dream wade snooze blanket doze slumber snore 
nap 
8(rough)8WH. smooth bumpy road tough sandpaper jagged ready coarse uneven riders 
rugged sand 
l5(fhut)35RL. apple vegetable orange kiwi circus ripe pear banana berry cherry basket 
juice 
4(doctor)4WH. nurse sick lawyer medicine health hospital dentist physician ill 
patient office stethoscope 
13(thief)33RL. steal robber crook burglar money cop bad rob jail gun villain crime 
5(sweet)5WH. sour candy sugar, bitter good taste tooth nice honey soda chocolate heart 
7(smoke)7WH. cigarette puff blaze billows pollution ashes cigar chimney fire tobacco 
stink pipe 
11(army)31RL. Nav\' soldier United States rifle Air Force draft military Marines march 
infantry captain war 
l6(king)36WL. queen England crown prince George dictator palace throne chess rule 
subjects monarch 
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Hvvindo\v)lRH. door glass pane shade ledge sell house open curtain frame view 
breeze 
12(man)32RL. woman husband uncle lady mouse male father strong friend beard person 
handsome 
10(high)30WL. low clouds up tall tower jump above building noon cliff sky over 
3(smen)3RH. nose breathe sniff aroma hear see nostril whiff scent reek stench 
fragrance 
9(shirt)29WL. blouse sleeves pants tie button shorts iron polo collar vest pocket jersey 
6(chair)6RH. table sit legs seat couch desk recliner sofa wood cushion swivel stool 
l4(lion)34WL. tiger circus jungle tamer den cub Africa mane cage feline roar fierce 
BACKWARD 
I (window) IWH. breeze view frame curtain open house sell ledge shade pane glass door 
l2(man)32RL. handsome person beard friend strong father male mouse lady uncle 
husband woman 
16(king)36RL. monarch subjects rule chess throne palace dictator George prince crown 
England queen 
4(doctor)4WH. stethoscope office patient ill physician dentist hospital health medicine 
lawyer sick nurse 
13(thief)33WL. crime villain gun jail rob bad cop money burglar crook robber steal 
6(chair)6WH. stool swivel cushion wood sofa recliner desk couch seat legs sit table 
15(fruit)35RL. juice basket cherry berry banana pear ripe circus kiwi orange vegetable 
apple 
8(rough)8RH. sand rugged riders uneven coarse ready jagged sandpaper tough road 
bumpy smooth 
3(smell)3WH. fragrance stench reek scent whiff nostril see hear aroma sniff breathe nose 
9(shirt)29WL. jersey pocket vest collar polo iron shorts button tie pants sleeves blouse 
2(sleep)2RH. nap snore slumber doze blanket snooze wade dream tired awake rest bed 
7(smoke)7RH. pipe stink tobacco fire chimney cigar ashes pollution billows blaze puff 
cigarette 
I l(army)31WL. war captain infantry march Marines military draft AirForce rifle 
UnitedStates soldier Navy 
l0(high)30RL. over sky cliff noon building above jump tower tall up clouds low 
5(sweet)5RH. heart chocolate soda honey nice tooth taste good bitter sugar candy sour 
l4(lion)34WL. fierce roar feline cage mane Africa cub den tamer jungle circus tiger 
List 4-FORWARD 
14(lion)34WL. tiger circus jungle tamer den cub Africa mane cage feline roar fierce 
6(chair)6RH. table sit legs seat couch desk recliner sofa wood cushion swivel stool 
9(shirt)29WL. blouse sleeves pants tie button shorts iron polo collar vest pocket jersey 
3(smell)3WH. nose breathe sniff aroma hear see nostril whiff scent reek stench 
fragrance 
l0(high)30RL. low clouds up tall tower jump above building noon cliff sky over 
12(man)32WL. woman husband uncle lady mouse male father strong fnend beard person 
handsome 



162 

1 (window) IRH. door glass pane shade ledge sell house open curtain frame view 
breeze 
l6(k;ing)36RL queen England crown prince George dictator palace throne chess rule 
subjects monarch 
1 l(army)31 WL. Navy soldier United States rifle Air Force draft military Marines march 
infantry captain war 
7(smoke)7RH. cigarette puff blaze billows pollution ashes cigar chimney fire tobacco 
stink pipe 
5(sweet)5WH. sour candy sugar, bitter good taste tooth nice honey soda chocolate heart 
13(thief)33RL. steal robber crook burglar money cop bad rob jail gun villain crime 
4(doctor)4WH. nurse sick lawyer medicine health hospital dentist physician ill patient 
office stethoscope 
l5(fruit)35RL. apple vegetable orange kiwi circus ripe pear banana berry cherry basket 
juice 
8( rough )8WT-I. smooth bumpy road tough sandpaper jagged ready coarse uneven riders 
rugged sand 
2(sleep)2RH. bed rest awake tired dream wade snooze blanket doze slumber snore 
nap 
BACKWARD 
14(lion)34WL. fierce roar feline cage mane Africa cub den tamer jungle circus tiger 
5(sweet)5RH. heart chocolate soda honey nice tooth taste good bitter sugar candy sour 
10(high)30WL. over sky cliff noon building above jump tower tall up clouds low 
I l(army)31RI.. war captain infantry march Marines military draft AirForce rifle 
UnitedStates soldier Navy 7(smoke)7WH. pipe stink tobacco fire chimney cigar ashes 
pollution billows blaze puff cigarette 
2(sleep)2WH. nap snore slumber doze blanket snooze wade dream tired awake rest bed 
9(shirt)29RL. jersey pocket vest collar polo iron shorts button tie pants sleeves blouse 
3(smell)3WH. fragrance stench reek scent whiff nostril see hear aroma sniff breathe nose 
8(rough)8RH. sand rugged riders uneven coarse ready jagged sandpaper tough road 
bumpy smooth 
15(fruit)35RL. juice basket cherry berry banana pear ripe circus kiwi orange vegetable 
apple 
6(chair)6WH. stool swivel cushion wood sofa recliner desk couch seat legs sit table 
13(thief)33WL. crime villain gun jail rob bad cop money burglar crook robber steal 
4(doctor)4Ri{- stethoscope office patient ill physician dentist hospital health medicine 
lawyer sick nurse 
16(king)36RL. monarch subjects rule chess throne palace dictator George prince crowti 
England queen 
12(man)32WL. handsome person beard friend strong father male mouse lady uncle 
husband woman 
1 (window) I RH. breeze view frame curtain open house sell ledge shade pane glass door 
KEY-Random order of lists (critical lure) Stadler ranking, recall or Waldo, high/low 
recall. DRM list 
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APPENDLX B 
Experiment 1 
Targets 
(window) 1. door(T), shade(T), house(T), view(T) 
(sieep)2. bed(T), tired(T), snooze(T), slumber(T) 
(sniell)3. nose(T), hear(T), nostril, (T) reek(T) 
(doctor)4. nurse(T)medicine(T), dentist(T), patient(T) 
(sweet)5. sour(T), good(T), tooth, (T) soda(T) 
(chair)6. table(T)seat(T), sofa(T), stool(T) 
(smoke)?. cigarette(T), pollution(T), fire(T), tobacco(T) 
(rough)8. smooth(T), tough(T), ready(T). riders(T) 
(shirt)29. pants(T), button(T), iron(T), vest(T) 
(high)30. iow(T), tali(T), above(T), sky(T) 
(army)31. soldier(T)rifle(T), military(T), war(T) 
(man)32. woman(T), lady(T)father(T). handsome(T) 
(thief)33. steal(T), money(T), rob(T), crime(T) 
(lion)34. tiger(T), tamer(T), cage(T), roar(T) 
(fhiit)35. apple(T), ripe, pear(T), cherry(T) 
(king)36. queen(T), prince(T), palace(T), rule(T) 
(Note: critical target in parentheses) 

CRITICAL TARGETS 
window(CL), sleep(CL). smell(CL). doctor(CL), sweet(CL), chair(CL). smoke(CL) 
rough(CL). 
shirt(CL), high(CL), army(CL), man(CL), thief(CL), lion(CL). fruit(CL). king(CL), 

UNRELATED CRITICAL TARGETS 
needle(UCL), anger(UCL), trash(UCL), soft (UCL), city(UCL), cup(UCL), cold 
mountain(UCL), 
pen(UCL), car(UCL), music(UCL), black(UCL)„rubber. (UCL), girl(UCL), 
bread(UCL), flag(UCL), 

RELATED DISTRACTORS 
screen(RD), yawTi(RD), perfume(RD), surgeon(RD), cake(RD), sitting(RD), lungs(RD), 
ground(RD), belt(RD), airplane(RD), pilot(RD), muscIe(RD), bank(RD), bears(RD), 
salad(RD), royal(RD) 
UNRELATED DISTRACTORS 
knitting(UD), emotion(UD), Iiner(UD), kitten(UD), country(UD), drink(UD), 
shiver(UD), steep(UD), letter(UD), van(UD), art(UD), brown(UD), stretch(UD), 
sister(UD), toast(UD), sign(UD) 
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APPENDIX C 
Experiment 2 
Group A Stories 
Control Version 
Susie went to the pet store to get a dog. "Not just any dog," she said. "Not a little one." 
she said. "Not a big one." she said. "And no pointed ears." she said. Susie looked and « 
looked for the right dog. 
Verbatim Repetition (sentence position 3.5) 
Susie went to the pet store to get a dog. "Not just any dog," she said. "Not a little one." 
she said. "Not a big one," she said. "Not a little one." she said. Susie looked and looked 
for the right dog. 
Gist Repetition (sentence position 3,5) 
Susie went to the pet store to get a dog. "Not just any dog," she said. "Not a little one." 
she said. "Not a big one." she said. "Not a small one." she said. Susie looked and 
looked for the right dog. 
Contradicted Version (sentence position 3.5) 
Susie went to the pet store to get a dog. "Not just any dog." she said. "Not a little one." 
she said. "Not a big one." she said. "A small dog would be fine." she said. Susie looked 
and looked for the right dog. 
Control Version 
Steve was going to the country with his parents. He was excited about taking a trip. He 
was reading comic books. He was chewing his nails. The trip was to visit his 
grandparents. The drive took nearly 2 hours. 
Verbatim Repetition (sentence 2.5) 
Steve was going to the country with his parents. He was excited about taking a trip. He 
was reading comic books. He was chewing his nails. He was excited about taking a trip. 
The drive took nearly 2 hours. 
Gist Repetition (sentence 2.5) 
Steve was going to the country with his parents. He was excited about taking a trip. He 
was reading comic books. He was chewing his nails. He was thrilled to be traveling. The 
drive took nearly 2 hours. 
Contradicted Version (sentence 2.5) 
Steve was going to the country with his parents. He was excited about taking a trip. He 
was reading comic books. He was chewing his nails. Steve wished he didn't have to go 
on a trip. The drive took nearly 2 hours. 
Control Version 
Sally had a fever and stayed home from school in bed. She watched her favorite videos. 
Sally's mom brought her crackers and soda. She listened to music. She loved sick days. 
Sally wanted to stay home another day. 
Verbatim Repetition (sentence 2,5) 
Sally had a fever and stayed home from school in bed. She watched her favorite videos. 
Sally's mom brought her crackers and soda. She listened to music. She watched her 
favorite videos. Sally wanted to stay home another day. 
Gist Repetition (sentence 2,5) 
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Sally had a fever and stayed home from school in bed. She watched her Favorite videos. 
Sally's mom brought her crackers and soda. She listened to music. She watched movies 
she especiallv liked. Sally wanted to stay home another day. 
Contradicted Version (sentence 2,5) 
Sally had a fever and stayed home from school in bed. She watched her favorite videos. 
Sally's mom brought her crackers and soda. She listened to music. She didn't feel like 
watching videos. Sally wanted to stay home another day. 
Control Version 
Henry and his dog Spot were playing outside one hot sunmier day. "Wow." said Henrv'. 
"some wind." Suddenly the wind blew so hard that it blew Henry's hat away. Spot's fur 
rippled. His ears flapped. "Must be a thunderstorm coming," said Henry. 
Verbatim Repetition (sentence 3.5) 
Henry and his dog Spot were playing outside one hot summer day. "Wow." said Henrv', 
"some wind." The wind blew so hard that it blew Henrv's hat awav. Spot's fur rippled. 
The wind blew so hard that it blew Henrv's hat awav. "Must be a thunderstorm coming," 
said Henrv'. 
Gist Repetition (sentence 3.5) 
Henry and his dog Spot were playing outside one hot summer day. "Wow." said Henrv'. 
"some wind." The wind blew so hard that it blew Henrv's hat awav. Spot's fur rippled. 
Henrv's hat blew across the field. "Must be a thunderstorm coming," said Henry. 
Contradicted Version (sentence 3.5) 
Henry and his dog Spot wcr^ playing outside one hot summer day. "Wow." said Henr\'. 
"some wind." The wind blew so hard that it blew Henrv's hat awav. Spot's fur rippled. 
Henrv held on to his hat to keep it from blowing awav. "Must be a thunderstorm 
coming," said Henry. 
Group B Stories 
Control Version 
Marisa lived in small village high up in the mountains. One day a man from the village 
asked Marisa's mother to weave a special blanket. Marisa wanted to help her mother. 
Together they chose the yam. The wool was dyed the colors of the rainbow. "The 
blanket will be beautiful." said Marisa. 
Verbatim Repetition Version (sentence 3,5) 
Marisa lived in small village high up in the mountains. One day a man from the village 
asked Marisa's mother to weave a special blanket. Marisa wanted to help her mother. 
Together they chose the yam. Marisa wanted to help her mother. "The blanket will be 
beautiful," said Marisa. 
Gist Repetition Version(sentence 3,5) 
Marisa lived in small village high up in the mountains. One day a man from the village 
asked Marisa's mother to weave a special blanket. Marisa wanted to help her mother. 
Together they chose the yam. Marisa especiallv liked to help her mother. "The blanket 
will be beautiful," said Marisa. 
Contradiction Version (sentence 3,5) 
Marisa lived in small village high up in the mountains. One day a man from the village 
asked Marisa's mother to weave a special blanket. Marisa wanted to help her mother. 
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Together they chose the yam. Marisa wanted to olav with her friends. "The blanket will 
be beautiful." said Marisa. 
Control Version 
"Four more days until my birthday!" said Ryan. "I love birthday parties," he said. "1 
hope everyone can come to my birthday party," he said. "I'm making your favorite cake-
chocolate," said Ryan's mother. "Thanks mom." said Ryan. "You're good at planning 
birthdays mom," he added. 
Verbatim Repetition (sentence 3,5) 
"Four more days until my birthday!" said Ryan. "I love birthday parties. " he said. 
hope everyone can come to mv birthdav partv." he said. "I'm making your favorite cake-
chocolate," said Ryan's mother. "I hope everyone can come to mv birthdav partv." he 
said. "You're good at planning birthdays mom," he added. 
Gist Repetition (sentence 3,5) 
"Four more days until my birthday!" said Ryan. "I love birthday parties." he said. ^ 
hope everyone can come to mv birthdav partv." he said. "I'm making your favorite cake-
chocolate," said Ryan's mother. "Will all the kids be able to make it?" asked Rvan. 
"You're good at planning birthdays mom." he added. 
Contradicted Version (sentence 3.5) 
"Four more days until my birthday!" said Ryan. "1 love birthday parties." he said. ^ 
hope everyone can come to mv birthdav partv." he said. "I'm making your favorite cake-
chocolate." said Ryan's mother. "1 don't care how manv kids can make it to mv partv." 
said Rvan. "You're good at planning birthdays mom." he added. 
Control Version 
It was fall and Pat went for a walk. She liked to walk. She walked for a long time. She 
saw pretty green and red trees. Pat saw birds too. She listened to the birds chirp and 
sing. 
Verbatim Repetition Version (sentence 2.5) 
It was fall and Pat went for a walk. She liked to walk. She walked for a long time. She 
saw pretty green and red trees. She liked to walk. She listened to the birds chirp and sing. 
Gist Repetition Version (sentence 2,5) 
It was fall and Pat went for a walk. She liked to walk. She walked for a long time. She 
saw pretty green and red trees. She enioved a walk. She listened to the birds chirp and 
sing. 
Contradiction Version (sentence 2.5) 
It was fall and Pat went for a walk. She liked to walk. She walked for a long time. She 
saw pretty green and red trees. Pat wasn't fond of walking. She listened to the birds 
chirp and sing. 
Control Version 
"I can not find my ball," said Pete. "My ball is a big red ball." said Pete. It may have 
rolled into those bushes. "Here is a ball," Rosa said. "That is not my ball," said Pete. 
Mine is a new and clean ball. 
Verbatim Repetition Version (sentence 2,5) 
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"I can not find my ball," said Pete. "Mv ball is a big red ball.", said Pete. It may have 
rolled into those bushes. "Here is a ball," Rosa said. Mv ball is a big red ball.", said Pete. 
Mine is a new and clean ball. 
Gist Repetition Version (sentence 2,5) 
"I can not find my ball." said Pete. "Mv ball is a big red ball." said Pete. It may have 
rolled into those bushes. "Here is a ball," Rosa said. "Mv ball is large and bright red." 
said Pete. Mine is a new and clean ball. 
Contradiction Version (sentence 2,5) 
"I can not find my ball," said Pete. "Mv ball is a big red ball." said Pete. It may have 
rolled into those bushes. "Here is a ball," Rosa said. "Mv ball is a small striped ball." 
said Pete. Mine is a new and clean ball. 
Group C Stories 
Control Version 
"Here it comes!" said Tom. "I can see it," said Dan. "Here comes the band !" 
Tom jumped up and down. "Look at the tall man in the red hat." said Dan. "Look, there 
is another clown over there." said Tom. 
Verbatim Version (sentence 2,5) 
"Here it comes!" said Tom. "I can see it." said Dan. "Here comes the band !"said Tom 
Tom jumped up and down. " "I can see it." said Dan. "Look, there is another clown over 
there." said Tom. 
Gist Repetition Version (sentence 2,5) 
"Here it comes!" said Tom. "I can see it." said Dan. "Here comes the band !" said Tom. 
Tom jumped up and down. "There it is." said Dan. "Look, there is another clown over 
there." said Tom. 
Contradiction Repetition Version (sentence 2,5) 
"Here it comes!" said Tom. "I can see it." said Dan. "Here comes the band !" said Tom. 
Tom jumped up and down. "I can't see the band." said Dan. "Look, there is another 
clown over there." said Tom. 
Control Version 
Jack woke up Saturday morning. He looked out of the w indow . The ground was white 
and the trees were white. "Oh boy," said Jack, "snow." "What did you say? asked Tom. 
opening his eyes. "It snowed last night." said Tom 
Verbatim Repetition Version (sentence 3,5) 
Jack woke up Saturday morning. He looked out of the window . The ground was white 
and the trees were white. "Oh boy," said Jack, "snow." The ground was w^hite and the 
trees were white. "It snowed last night." said Tom 
Gist Repetition Version (sentence 3,5) 
Jack woke up Saturday morning. He looked out of the window. The ground was white 
and the trees were white. "Oh boy," said Jack, "snow." A blanket of snow covered the 
ground and trees. "It snowed last night." said Tom 
Contradiction Version (sentence 3,5) 
Jack woke up Saturday morning. He looked out of the window. The ground was white 
and the trees were white. "Oh boy," said Jack, "snow." The ground and the trees were 
colorful. "It snowed last night." said Tom 
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Control Version 
A white house was in the woods. It was a bright sunny day. Jill took a walk. Jill found 
something along the road in the grass. It was round and white. "What a nice egg. I'll 
take it home." said Jill. 
Verbatim Repetition Version (sentence 2.5) 
A white house was in the woods. It was a bright sunnv dav. Jill took a walk. Jill found 
something along the road in the grass. It was a bright sunnv dav. "What a nice egg. I'll 
take it home." said Jill. 
Gist Repetition Version (sentence 2.5) 
A white house was in the woods. It was a bright sunnv dav. Jill took a walk. Jill found 
something along the road in the grass. The sun shown brightlv. "What a nice egg. I'll 
take it home." said Jill. 
Contradiction Version (sentence 2.5) 
A white house was in the woods. It was a bright sunnv dav. Jill took a walk. Jill found 
something along the road in the grass. The clouds made it hard to see. "What a nice 
egg. I'll take it home." said Jill. 
Control Version 
Dan wanted to go to the zoo. His mother was happy to go with him. Dan had fun at the 
zoo. Dan Icoked at all the animals. Many of the animals were furry. His favorite animals 
were the elephants. 
Verbatim Repetition Version (sentence 3.5) 
Dan wanted to go to the zoo. His mother was happy to go with him. Dan had fun at the 
zoo. Dan looked at all the animals. Dan had fun at the zoo. His favorite animals were 
the elephants. 
Gist Repetition Version (sentence 3.5) 
Dan wanted to go to the zoo. His mother was happy to go with him. Dan had fun at the 
zoo. Dan looked at all the animals. The zoo was a fun place for Dan. His favorite 
animals were the elephants. 
Contradiction Version (sentence 3.5) 
Dan wanted to go to the zoo. His mother was happy to go with him. Dan had fun at the 
zoo. Dan looked at all the animals. Dan was bored at the zoo. His favorite animals were 
the elephants. 
Group D Stories 
Control Version 
"See the small birds," said Jim. "They are looking in the snow because they want food." 
"The snow is deep." said Sue. "They cannot find food, so let's help them." said Jim. 
"Yes," said Sue, "We can get bread for them." Jim and Sue ran home. 
Verbatim Repetition Version (Sentence 2,5) 
"See the small birds." said Jim. "Thev are looking in the snow because thev want food." 
"The snow is deep," said Sue. "They cannot find food, so let's help them," said Jim. 
"Thev are looking in the snow because thev want food." Jim and Sue ran home. 
Gist Repetition Version(sentence 2,5) 
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"See the small birds," said Jim. "Thev are lookina in the snow because thev want Food." 
"The snow is deep," said Sue. "They cannot find food, so let's help them," said Jim. 
"The birds are tr\'inu to find food in the snow." Jim and Sue ran home. 
Contradiction Version (sentence 2,5) 
•"See the small birds," said Jim. "Thev are looking in the snow because thev want food." 
"The snow is deep," said Sue. "They cannot find food, so let's help them," said Jim. 
"Yes." said Sue. "Thev are full from eating seeds." Jim and Sue ran home. 
Control Version 
It was the first time Emily went to camp. She was very happy to be there. Soon she went 
for a walk in the woods. She found leaves from some maple and oak trees. She saw 
some animal tracks. She wondered if the animal tracks she saw were made by a mouse. 
Verbatim Repetition (sentence 2,5) 
It was the first time Emily went to camp. She was verv happv to be there. Soon she went 
for a walk in the woods. She found leaves from some maple and oak trees. She was 
verv happv to be there. She wondered if the animal tracks she saw were made by a 
mouse. 
Gist Repetition (sentence 2.5) 
It was the first time Emily went to camp. She was verv happv to be there. Soon she went 
for a walk in the woods. She found leaves from some maple and oak trees. She was glad 
to be at camp. She wondered if the animal tracks she saw were made by a mouse. 
Contradiction Version (sentence 2.5) 
It was the first time Emily went to camp. She was verv happv to be there. Soon she went 
for a walk in the woods. She found leaves from some maple and oak trees. She was 
unhappv about being there. She wondered if the animal tracks she saw were made by a 
mouse. 
Control Version 
A spider sat down by a boy. The boy was afraid of it. He should not have been scared. 

The spider would not hurt him. Most spiders are friendly. Spiders can be big and small. 
Verbatim Repetition Version (sentence 3.5) 
A spider sat down by a boy. The boy was airaid of it. He should not have been scared. 

The spider would not hurt him. He should not have been scared. Spiders can be big and 
small. 
Gist Repetition Version (sentence 3.5) 
A spider sat down by a boy. The boy was afiraid of it. He should not have been scared. 
The spider would not hurt him. He should not have been fearful. Spiders can be big and 
small. 
Contradiction Version (sentence 3,5) 
A spider sat down by a boy. The boy was afi-aid of it. He should not have been scared. 
The spider would not hurt him. He should have been fnghtened. Spiders can be big and 
small. 
Control Version 
"Rise and shine Beth," said Beth's mother. Beth stretches wide and gets out of bed. Her 
mother is making breakfast in the kitchen. "Good morning," said her mother. On the 
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table, Beth sees toast, eggs and orange juice. "Go wash your face before vou eat," said 
her mother. 
Verbatim Repetition Version (sentence 3,5) 
"Rise and shine Beth," said Beth's mother. Beth stretches wide and gets out of bed. Her 
mother is making breakfast in the kitchen. "Good morning," said her mother. Her 
mother is making breakfast in the kitchen. "Go wash your face before you eat." said her 
mother. 
Gist Repetition Version(sentence 3,5) 
"Rise and shine Beth," said Beth's mother. Beth stretches wide and gets out of bed. Her 
mother is making breakfast in the kitchen. "Good morning," said her mother. Beth's 
mother is preparing food in the kitchen. "Go wash your face before you eat," said her 
mother. 
Contradiction Version (sentence 3.5) 
"Rise and shine Beth," said Beth's mother. Beth stretches wide and gets out of bed. Her 
mother is making breakfast in the kitchen. "Good morning," said her mother. Beth's 
mother is cooking a delicious lunch. "Go wash your face before you eat." said her 
mother. 
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APPENDLX D 
Experiment 2 
Study and Immediate Test Materials 
Condition 1 
STUDY 
#12. Dan wanted to go to the zoo. His mother was happy to go with him. Dan had fun at 
the zoo. Dan looked at all the animals. The zoo was a fun place for Dan. His favorite 
animals were the elephants. 
#4. Henry and his dog Spot were playing outside one hot summer day. "Wow." said 
Henry, "some wind." The wind blew so hard that it blew Henry's hat away. Spot's fur 
rippled. His ears flapped. "Must be a thimderstorm coming," said Henry. 
#14. It was the first time Emily went to camp. She was verv happv to be there. Soon she 
went for a walk in the woods. She found leaves from some maple and oak trees. She was 
unhappy about beinti there. She wondered if the animal tracks she saw were made by a 
mouse. 
#22. Marisa lived in small village high up in the mountains. One day a man from the 
village asked Marisa's mother to weave a special blanket. Marisa wanted to help her 
mother. Together they chose the yam. Marisa wanted to help her mother. "The blanket 
will be beautiful." said Marisa. 
TEST 
#12 
T- Dan had fun at the zoo. 
RD- Dan enjoyed the zoo. 
FD- Dan didn't like the zoo. 
UD- Dan thought the animals were hungry.. 
#14 
T- She was very happy to be there. 
RD- She liked going to camp. 
FD- She was sad about being at camp. 
UD- Many kids go to summer camp. 
STUDY 
#10. Jack woke up Saturday morning. He looked out of the window. The ground was 
white and the trees were white. "Oh boy," said Jack, "snow." A blanket of w hite snow 
covered the ground and trees. "It snowed last night." said Tom 
#3. Sally had a fever and stayed home from school in bed. She watched her favorite 
videos. Sally's mom brought her crackers and soda. She listened to music. She loved 
sick days. Sally wanted to stay home another day. 
#7. It was fall and Pat went for a walk. She liked to walk. She walked for a long time. 
She saw pretty green and red trees. She liked to walk. She listened to the birds chirp and 
sing. 
#17. "See the small birds," said Jim. "Thev are looking in the snow because thev want 
food." "The snow is deep," said Sue. "They cannot find food, so let's help them," said 
Jim. "Yes.'" said Sue. "Thev are full from eating seeds." Jim and Sue ran home. 
TEST 
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#3 
T- She watched her favorite videos. 
RD-She watched some favorite movies. 
FD- She didn't want to watch any movies. 
UD- She watched a movie at school. 
#7 
Test items 
T- She liked to walk. 
RD-She was happy walking. 
FD-Pat did not enjoy walking. 
UD-Pat looked at birds through the window. 
STUDY 
#6. "Four more days until my birthday!" said Ryan. *i love birthday parties." he said. ;il 
hope everyone can come to mv birthdav partv." he said. "I'm making your favorite cake-
chocolate." said Ryan's mother. "1 hope everyone can come to mv birthdav partv." he 
said. "You're good at planning birthdays mom," he added. 
#15. A spider sat down by a boy. The boy was afraid of it. He should not have been 
scared. The spider would not hurt him. He should have been friuhtened. Spiders can be 
big and small. 
#11. A white house was in the woods, tt was a bright surmv dav. Jill took a walk. Jill 
found something along the road in the grass. The sun shone brightly. "What a nice egg. 
I'll take it home." said Jill. 
#2. Steve was going to the country with his parents. He was excited about taking a trip. 
He was reading comic books. He was chewing his nails. The trip was to visit his 
grandparents. The drive took nearly 2 hours. 
TEST 
#6 
Test items 
T- "I hope everyone can come to my birthday party." he said. 
RD-"WilI all my friends make it to the party?" asked Ryan. 
FD- "It doesn't matter if all my friends can make it." said Ryan. 
UD- "The kids ate all mv birthdav cake.' said Rvan 
# 1 1  

T- It was a bright sunny day. 
RD- The sun was bright. 
FD- It was gray and cloudy. 
UD- We walked until the sun set. 
STUDY 
#20. "Rise and shine Beth." said Beth's mother. Beth stretches wide and gets out of bed. 
Her mother is making breakfast in the kitchen. "Good morning," said her mother. 
Beth's mother is cooking a delicious lunch. "Go wash your face before you eat," said her 
mother. 
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#1. Susie went to the pet store to get a dog. "Not just any dog," she said. "Not a little 
one," she said. "Not a big one," she said. "And no pointed ears." she said. Susie looked 
and looked for the right dog 
#8. "I can not find my ball," said Pete. "Mv ball is a big red ball." said Pete. It may have 
rolled into those bushes. "Here is a ball," Rosa said. "Mv ball is a big red ball." said Pete. 
Mine is a new and clean ball. 
#9. "Here it comes!" said Tom. "1 can see it." said Dan. "Here comes the band !" said 
Tom. 
Tom jumped up and down. "There it is." said Dan. "Look, there is another clown over 
there," said Tom. 
TEST 
# 1 .  
T-"Not a little one." she said. 
RD-"Not a tiny one." she said. 
FD- "A little dog would work," she said. 
UD- "A furry dog licked my hand," she said 
#20 
T- Her mother is making breakfast in the kitchen 
RD- Her mother made breakfast. 
FD- Mother prepared lunch in the kitchen. 
UD- Breakfast is easy to make for children. 
Condition 2 
STUDY 
#8. "I can not find my ball." said Pete. "My ball is a big red ball." said Pete. It may have 
rolled into those bushes. "Here is a ball." Rosa said. "That is not my ball," said Pete. 
Mine is a new and clean.ball. 
#12. Dan wanted to go to the zoo. His mother was happy to go with him. Dan had fun at 
the zoo. Dan looked at all the animals. Dan was bored at the zoo. His favorite animals 
were the elephants. 
#20. "Rise and shine Beth," said Beth's mother. Beth stretches wide and gets out of bed. 
Her mother is making breakfast in the kitchen. "Good morning," said her mother. Beth's 
mother is preparing food in the kitchen. "Go wash your face before you eat," said her 
mother 
#4. Henry and his dog Spot were playing outside one hot summer day. "Wow," said 
Henry, "some wind." The wind blew so hard that it blew Henrv's hat awav. Spot's fiir 
rippled. The wind blew so hard that it blew Henrv's hat awav. "Must be a thunderstorm 
coming," said Henry. 
TEST 
#12 
T- Dan had fun at the zoo. 
RD- Dan enjoyed the zoo. 
FD- Dan didn't like the zoo. 
UD- Dan thought the animals were hungry. 
#20 
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T- Her mother is making breakfast in the kitchen 
RD- Her mother made breakfast. 
FD- Mother prepared lunch in the kitchen. 
UD- Breakfast is easy to make for children. 
#9. "Here it comes!" said Tom. "1 can see it." said Dan. "Here comes the band !" said 
Tom. 
Tom jumped up and down. "1 can't see the band." said Dan. "Look, there is another 
clown over there," said Tom. 
#15. A spider sat down by a boy. The boy was afraid of it. He should not have been 
scared. The spider would not hurt him. The bov should not have been fearful. Spiders 
can be big and small. 
#11. A white house was in the woods. It was a bright surmv dav. Jill took a walk. Jill 
found something along the road in the grass. The clouds made it hard to see. "What a 
nice egg. I'll take it home." said Jill. 
#14. It was the first time Emily went to camp. She was verv happv to be there. Soon she 
went for a walk in the woods. She found leaves from some maple and oak trees. She 
was glad to be at camp. She wondered if the animal tracks she saw were made by a 
mouse. 
TEST 
# 1 1  
T- It was a bright sunny day. 
RD- The sun was bright. 
FD- It was gray and cloudy. 
UD- We walked until the sun set. 
#14 
T- She was very happy to be there. 
RD- She liked going to camp. 
FD- She was sad about being at camp. 
UD- Many kids go to summer camp. 
#22. Marisa lived in small village high up in the mountains. One day a man from the 
village asked Marisa's mother to weave a special blanket. Marisa wanted to help her 
mother. Together they chose the yam. The wool was dyed the colors of the rainbow. 
"The blanket will be beautiful," said Marisa. 
#10. Jack woke up Saturday morning. He looked out of the window. The ground was 
white and the trees were white. "Oh boy," said Jack, "snow." The ground and the trees 
were colorful. "It snowed last night." said Tom 
#7. It was fall and Pat went for a walk. She liked to walk. She walked for a long time. 
She saw pretty green and red trees. Pat saw birds too. She listened to the birds chirp and 
sing. 
#3. Sally had a fever and stayed home from school in bed. She watched her favorite 
videos. Sally's mom brought her crackers and soda. She listened to music. She watched 
her favorite videos. Sally wanted to stay home another day. 
TEST 
#3 
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T- She watched her favorite videos. 
RD-She watched some favorite movies. 
FD- She didn't want to watch any movies. 
UD- She watched a movie at school. 
#7 
Test items 
T- She liked to walk. 
RD-She was happy walking. 
FD-Pat did not enjoy walking. 
UD-Pat looked at birds through the window. 
#1. Susie went to the pet store to get a dog. "Not just any dog," she said. "Not a little 
one." she said. "Not a big one." she said. "Not a little one." she said. Susie looked and 
looked for the right dog. 
#6. "Four more days until my birthday!" said Ryan. "I love birthday parties," he said. "1 
hope everyone can come to my birthday party," he said. "I'm making your favorite cake-
chocolate." said Ryan's mother. "Thanks mom." said Ryan. "You're good at plaiming 
birthdays mom." he added. 
#17. "See the small birds," said Jim. "Thev are looking in the snow because thev want 
food." "The snow is deep." said Sue. "They cannot find food, so let's help them." said 
Jim. "The birds are trying to find food in the snow." Jim and Sue ran home. 
#2. Steve was going to the country with his parents. He was excited about taking a trip. 
He was reading comic books all along the way. He was chewing his nails. He was 
excited about taking a trip. The drive took nearly 2 hours. 
TEST 
#1. 
T-"Not a little one." she said. 
RD-"Not a tiny one." she said. 
FD- "A little dog would work." she said. 
UD- "A ftuTv dog licked mv hand," she said 
#6 
Test items 
T- "1 hope everyone can come to my birthday party," he said. 
RD-"Will all my friends make it to the party?" asked Ryan. 
FD- "It doesn't matter if all my friends can make it," said Ryan. 
UD- "The kids ate all my birthday cake," said Ryan 
Condition 3 
#7. It was fail and Pat went for a walk. She liked to walk. She walked for a long lime. 
She saw pretty green and red trees. Pat wasn't fond of walking. She listened to the birds 
chirp and sing. 
#10. Jack woke up Saturday morning. He looked out of the window. The ground was 
white and the trees were white. "Oh boy," smd Jack, "snow." "What did you say? asked 
Tom, opening his eyes. "It snowed last night." said Tom 
#20. "Rise and shine Beth," said Beth's mother. Beth stretches wide and gets out of bed. 
Her mother is making breakfast in the kitchen. "Good morning," said her mother. Her 



176 

mother is making breakfast in the kitchen. "Go wash your face before you eat," said her 
mother. 
#2. Steve was going to the country with his parents. He was excited about taking a trip. 
He was reading comic books. He was chewing his nails. He was thrilled to be traveling. 
The drive took nearly 2 hours. 
#20 
T- Her mother is making breakfast in the kitchen 
RD- Her mother made breakfast. 
FD- Mother prepared lunch in the kitchen. 
UD- Breakfast is easv to make for children. 
#7 
Test items 
T- She liked to walk. 
RD-She was happy walking. 
FD-Pat did not enjoy walking. 
UD-Pat looked at birds through the window. 
#17. "See the small birds." said Jim. "Thev are looking in the snow because thev want 
food." "The snow is deep," said Sue. "They cannot find food, so let's help them." said 
Jim. "Thev are looking in the snow because thev want food." Jim and Sue ran home. 
#12. Dan wanted to go to the zoo. His mother was happy to go with him. Dan had fun at 
the zoo. Dan looked at all the animals. Many of the animals were furry. His favorite 
animals were the elephants. 
#14. It was the first time Emily went to camp. She was verv happy to be there. Soon she 
went for a walk in the woods. She found leaves from some maple and oak trees. She 
was verv happv to be there. She wondered if the animal tracks she saw were made by a 
mouse. 
#22. Marisa lived in small village high up in the mountains. One day a man from the 
village asked Marisa's mother to weave a special blanket. Marisa wanted to help her 
mother. Together they chose the yam. Marisa wanted to plav with her friends. "The 
blanket will be beautiful." said Marisa. 
#14 
T- She was ver>' happy to be there. 
RD- She liked going to camp. 
FD- She was sad about being at camp. 
UD- Many kids go to summer camp. 
#12 
T- Dan had fim at the zoo. 
RD- Dan enjoyed the zoo. 
FD- Dan didn't like the zoo. 
UD- Dan thought the animals were hungry. 
#3. Sally had a fever and stayed home from school in bed. She watched her favorite 
videos. Sally's mom brought her crackers and soda. She listened to music. She watched 
movies she especiallv liked. Sally wanted to stay home another day. 
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#15. A spider sat down by a boy. The boy was afraid of it. He should not have been 
scared. The spider would not hurt him. He should not have been scared. Spiders can be 
big and small. 
#8. "I can not find my ball." said Pete. "Mv ball is a big red ball." said Pete. It may have 
rolled into those bushes. "Here is a ball." Rosa said. "Mv ball is a small striped ball." 
said Pete. Mine is a new and clean ball. 
#11. A white house was in the woods. It was a bright sunny day. Jill took a walk. Jill 
found something along the road in the grass. It was round and white. "What a nice egg. 
I'll take it home." said Jill. 
tr j  
T- She watched her favorite videos. 
RD-She watched some favorite movies. 
FD- She didn't want to watch any movies. 
UD- She watched a movie at school. 
# 1 1  
T- It was a bright sunny day. 
RD- The sun was bright. 
FD- It was gray and cloudy. 
UD- We walked until the sun set. 
#1. Susie went to the pet store to get a dog. "Not just any dog." she said. "Not a little 
one." she said. "Not a big one." she said. "Not a small one." she said. Susie looked and 
looked for the right dog. 
#4. Henry and his dog Spot were playing outside one hot summer day. "Wow." said 
Henry, "some wind." The wind blew so hard that it blew Henry's hat awav. Spot's fur 
rippled. Henr\ 's hat blew across the field. "Must be a thunderstorm coming." said 
Henry. 
#6. "Four more days until my birthday!" said Ryan. "I love birthday parties." he said. iT 
hope everyone can come to mv birthday party." he said. "I'm making your favorite cake-
chocolate." said Ryan's mother. "I don't care how manv kids can make it to mv partv." 
said Rvan. "You're good at planning birthdays mom." he added. 
#9. "Here it comes!" said Tom. "I can see it." said Dan. "Here comes the band !" 
Tom jumped up and down. "Look at the tall man in the red hat" said Dan. "Look, there 
is another clown over there." said Tom. 
#6 
Test items 
T- "I hope everyone can come to my birthday party, " he said. 
RD-"Will all my friends make it to the party ?" asked Ryan. 
FD- "It doesn't matter if all my Mends can make it/' said Ryan. 
UD- "The kids ate all my birthday cake." said Ryan 
IT I. 
T-"Not a little one," she said. 
RD-"Not a tiny one," she said. 
FD- "A little dog would work," she said. 
UD- "A furry dog licked my hand," she said 
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Condition 4 
#15. A spider sat down by a boy. The boy was afraid of it. He should not have been 

scared. The spider would not hurt him. Most spiders are friendly. Spiders can be big and 
small. 
#22. Marisa lived in small village high up in the mountains. One day a man from the 
village asked Marisa's mother to weave a special blanket. Marisa wanted to help her 
mother. Together they chose the yam. Marisa especially liked to help her mother. "The 
blanket will be beautiful." said Marisa. 
#3. Sally had a fever and stayed home from school in bed. She watched her favorite 
videos. Sally's mom brought her crackers and soda. She listened to music. She didn't 
feel like watching videos. Sally wanted to stay home another day. 
#12. Dan wanted to go to the zoo. His mother was happy to go with him. Dan had fun at 
the zoo. Dan looked at all the animals. Dan had fun at the zoo. His favorite animals were 
the elephants. 
#3 
T- She watched her favorite videos. 
RD-She watched some favorite movies. 
FD- She didn't want to watch any movies. 
UD- She watched a movie at school. 
#12 
T- Dan had fun at the zoo. 
RD- Dan enjoyed the zoo. 
FD- Dan didn't like the zoo. 
UD- Dan thought the animals were hungry. 
#1. Susie went to the pet store to get a dog. "Not just any dog." she said. "Not a little 
one." she said. "Not a big one." she said. "A small dog would be fine." she said. Susie 
looked and looked for the right dog. 
#17. "See the small birds." said Jim. "They are looking in the snow because they want 
food." "The snow is deep," said Sue. "They cannot find food, so let's help them." said 
Jim. "Yes," said Sue, "We can get bread for them." Jim and Sue ran home. 
#11. A white house was in the woods. It was a bright sunnv dav. Jill took a walk. Jill 
found something along the road in the grass. It was a bright sunnv dav. "What a nice egg. 
I'll take it home." said Jill. 
#2. Steve was going to the country with his parents. He was excited about taking a trip. 
He was reading comic books. He was chewing his nails. Steve wished he didn't have to 
go on a trip. The drive took nearly 2 hours. 
#11 
T- It was a bright suimy day. 
RD- The sun was bright. 
FD- It was gray and cloudy. 
UD- We walked until the sun set. 
#1. 
T-"Not a little one." she said. 
RD-"Not a tiny one," she said. 
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FD- "A little dog would work," she said. 
UD- "A flury dog licked my hand," she said 
#10. Jack woke up Saturday morning. He looked out of the window. The ground was 
white and the trees were white. "Oh boy," said Jack, "snow." The ground was white and 
the trees were white. "It snowed last night." said Tom 
#6. "Four more days until my birthday!" said Ryan. "I love birthday parties." he said, ill 
hope everyone can come to mv birthday party." he said. "I'm making your favorite cake-
chocolate." said Ryan's mother. "Will all the kids be able to make it?" asked Rvan. 
"You're good at planning birthdays mom," he added. 
#4. Henry and his dog Spot were playing outside one hot summer day. "Wow," said 
Henry, "some wind." The wind blew so hard that it blew Henrv's hat awav. Spot's fur 
rippled. Henry held on to his hat to keep it from blowing awav. "Must be a thunderstorm 
coming," said Henry. 
#14. It was the first time Emily went to camp. She was very happy to be there. Soon she 
went for a walk in the woods. She found leaves from some maple and oak trees. She 
saw some animal tracks. She wondered if the animal tracks she saw were made by a 
mouse. 
#14 
T- She was very happy to be there. 
RD- She liked going to camp. 
FD- She was sad about being at camp. 
UD- Many kids go to summer camp. 
#6 
Test items 
T- "1 hope everyone can come to my birthday party." he said. 
RD-"Will all my friends make it to the party?" asked Ryan. 
FD- "It doesn't matter if all my friends can make it." said Ryan. 
UD- "The kids ate all my birthday cake." said Ryan 
#20. "Rise and shine Beth," said Beth's mother. Beth stretches wide and gets out of bed. 
Her mother is making breakfast in the kitchen. "Good morning," said her mother. On 
the table. Beth sees toast, eggs and orange juice. "Go wash your face before you eat." 
said her mother. 
#9. "Here it comes!" said Tom. "I can see it" said Dan. "Here comes the band !"said 
Tom 
Tom jumped up and down. " "I can see it." said Dan. "Look, there is another clown over 
there," said Tom. 
#7. It was fall and Pat went for a walk. She liked to walk. She walked for a long time. 
She saw pretty green and red trees. She enioved a walk. She listened to the birds chirp 
and sing. 
#8. "I can not find my ball," said Pete. "Mv ball is a big red ball." said Pete. It may have 
rolled into those bushes. "Here is a ball," Rosa said. "Mv ball is large and bright red." 
said Pete. Mine is a new and clean ball. 
#7 
Test items 
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T- She liked to walk. 
RD-She was happy walking. 
FD-Pat did not enjoy walking. 
UD-Pat looked at birds through the window. 
#20 
T- Her mother is making breakfast in the kitchen 
RD- Her mother made breakfast. 
FD- Mother prepared lunch in the kitchen. 
UD- Breakfast is easy to make for children. 
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APPENDIX E 
Experiment 2, Immediate Test -32 Memory Probes . 
#1. 
T-"Not a little one," she said. 
RD-"Not a tiny one." she said. 
FD- "A little dog would work." she said. 
UD- "A furry dog licked my hand." she said 

T- She watched her favorite videos. 
RD-She watched some favorite movies. 
FD- She didn't want to watch any movies. 
UD- She watched a movie at school. 
#6 
Test items 
T- "i hope everyone can come to my birthday party." he said. 
RD-"Will all my friends make it to the party?" asked Ryan. 
FD- "It doesn't matter if all my friends can make it." said Ryan. 
UD- "The kids ate all my birthdav cake." said Ryan 
#7 
Test items 
T- She liked to walk. 
RD-She was happy walking. 
FD-Pat did not enjoy walking, 
UD-Pat looked at birds through the window. 
# 1 1  
T- It was a bright sunny day. 
RD- The sun was bright. 
FD- It was gray and cloudy. 
UD- We walked until the sun set. 
#12 
T- Dan had fun at the zoo. 
RD- Dan enjoyed the zoo. 
FD- Dan di«ln*t like the zoo. 
UD- Dan thought the animals were hungry. 
#20 
T- Her mother is making breakfast in the kitchen 
RD- Her mother made breakfast. 
FD- Mother prepared lunch in the kitchen. 
UD- Breakfast is easv to make for children. 
#14 
T- She was very happy to be there. 
RD- She liked going to camp. 
FD- She was sad about being at camp. 
UD- Many kids go to summer camp. 
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Delayed Recognition Test -64 memory probes 
#2 
T- He was excited about taking a trip. 
RD-He was happy to be going on a trip. 
FD- He was not liking the idea of a trip. 
UD-He was planning a short trip. 
#4 
T- The wind blew so hard that it blew Henry's hat away. 
RD-Henry's hat was whisked across the field by the wind. 
FD- Henry put his hands on his head to keep his hat on. 
UD- His hat kept the summer sun off his head. 
#22 
T- Marisa wanted to help her mother. 
RD-Marisa loved to help her mother. 
FD- Marisa wished she could play with her friends. 
UD- Her mother taught weaving classes at night. 
#8 
T- "My ball is a big red ball." said Pete. 
RD- "My ball is huge and brightly colored." said Pete. 
FD- "My ball is little and multi-colored." said Pete. 
UD- "My new ball rolls fast." said Pete. 
#9 
T- "I can see it." said Dan. 
RD- "It's over there." said Dan. 
FD- "I don't know where the band is." said Dan. 
UD- "The band plays loudly." said Dan. 
#10 
T- The ground was white and the trees were white. 
RD- Snow fell on the ground and trees. 
FD- TTie brown ground and green trees were pretty. 
UD- Snow fell on the mountains. 
#15 
T- He should not have been scared. 
RD- He should not be afraid of spiders. 
FD- He should be very worried about spiders. 
UD- Spiders live in deserts and forests. 
#17 
T- "They are looking in the snow because they want food." 
RD- The birds pecked in the snow for food. 
FD- The birds had plenty of seeds to eat. 
UD- Birds build nests for their young. 

Plus 32 Immediate memory probes 
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APPENDIX F 
Instructions for Experiment I Studv Session 

Instructions to be read to ciiildren at the start of the session just before they listen to the 
tape of DRM lists. 

i want to explain to you what we are going to do today. I am studying how children 
learn to remember new words. Here is what we are going to do. Do you see this tape 
recorder here? It has a tape in it that I am going to play for you. There is one person on 
the tape who are going to read you several lists of words. After a list of words is read I 
will pause the tape and ask vou to tell me the words that you heard or I will ask you to 
look for Waldo." 
(Waldo Instructions -if they need it) 
"There are quite a few word lists to listen to. I want you to listen very, very carefully to 
the tape as I play it. Listen carefully to each word and try to remember it because later on 
I'm going to give you a test to see how many words you can remember. Before we start I 
want you to know that you do not have to do this if you do not want to. You may stop at 
anytime and let me know that you do not wish to continue." 

After each DRM list read either a) or b). 
a) Can you tell me what words you just heard on the list? Try to remember as many of 
the words on the list as you can. 
b) Can you find Waldo on this page? 

Instructions to be read to children just before the immediate recognition memory test. 

Now I am going to give you a test to see how many words you can remember of the word 
lists that you listened to on the tape. Here is how the test will go. I am going to read you 
some words that I have written down on this sheet. Some of the words will be ones that 
you heard when you listen to the tape. Other words will be new ones that you did not 
hear when you listened to the tape. As I read each word say YES if you heard the word 
when you listened to the tape. Say NO if you did not hear the word when you listened to 
the tape. Some of the new words that I read to you may sort of have the same meaning as 
the words that you heard before. You should still say NO even if a new word is sort of 
like a word that you heard before. So. say YES to any word that you heard on the tape 
and say NO to any word that you did not hear on the tape. Be careful not to say YES to 
all the sentences. Remember you do not have to do this if you do not want to. You may 
stop at anytime and let me know that you do not wish to continue. 

Note: Remember when the memory test is over praise the children before returning them 
to the classroom. Tell them that they did very well, that they remembered lots of words, 
and that they are very good at learning to remember new words. 
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Instructions for Experiment 1 Delayed Test 

Instructions to be read to children at the start of the delayed recognition test. 

"i want to explain to you what we are going to do today. Do you remember when I had 
you listen to the lists of words on the tape recorder? Then later I asked you to say yes if 
you heard the word on the tape and NO if you did not hear the word on the tape. 

Now 1 am going to give you another test to see how many words you can remember of 
the word lists that you listened to on the tape. The test will be the same as the one I gave 
you before. I am going to read you some words that 1 have written down on this sheet. 
Some of the words will be ones that you heard when you listen to the tape. Other words 
will be new ones that you did not hear when you listened to the tape. As I read each 
word say YES if you heard the word when you listened to the tape. Say NO if you did 
not hear the word when you listened to the tape. Some of the new words that 1 read to 
you may sort of have the same meaning as the words that you heard before. You should 
still say NO even if a new word is sort of like a word that you heard before. So. say YES 
to any word that you heard on the tape and say NO to any word that you did not hear on 
the tape. Be careful not to say YES to all the sentences. Remember you do not have to do 
this if you do not want to. You may stop at anytime and let me know that you do not 
wish to continue. 

Note: Remember when the memory test is over praise the children before retuming them 
to the classroom. Tell them that they did very well, that they remembered lots of vvords. 
and that they are very good at learning to remember new words. 
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Instructions For Experiment 2 Studv Session 

Instructions to be read to children at the start of the session just before they listen to the 
tape of stories. 

"I want to explain to you what we are going to do today. I am studying how children 
leam to remember stories. Here is what we are going to do. Do you see this tape 
recorder here? It has a tape in it that I am going to play for you. There is one person on 
the tape who are going to read you several stories. After 4 stories are read I will pause 
the tape. Then I will read some sentences. Some of the sentences will be ones that you 
heard when you listened to the tape. Other sentences will be new ones that you did not 
hear when you listened to the tape. As I read each sentence say YES if you heard the 
sentence when you listened to the stories on the tape. Say NO if you did not hear the 
sentence when you listened to the tape. Some of the sentences that I read to you may sort 
of have the same meaning as the sentences that you heard on the tape. You should still 
say NO even if a new sentence is sort of like a sentence that you heard before. So. say 
YES to any senmece that you heard on the tape and say NO to any sentence that you did 
not hear on the tape. Be careful not to say YES to all the sentences. Before we start I 
want you to know that you do not have to do this if you do not want to. You may stop at 
anytime and let me know that you do not wish to continue." 

Note: Remember when the memory test is over praise the children before returning them 
to the classroom. Tell them that they did very well, that they remembered lots of words, 
and that they are very good at learning to remember new words. 
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Instructions for Experiment 2 Delayed Test 

Instructions to be read to children at the start of the delayed recognition test. 

"1 want to explain to you what we are going to do today. Do you remember when I had 
you listen to the stories on the tape recorder? Then later I asked you to say yes if you 
heard the sentence before on the tape and NO if you did not hear the sentence on the tape. 

Now I am going to give you another test to see how many sentences you can remember 
from the stories that you listened to on the tape. The test will be the same as the one 1 
gave you before. I am going to read you some sentences that I have written down on this 
sheet. Some of the sentences will be ones that you heard when you listen to the tape. 
Other sentences will be new ones that you did not hear when you listened to the tape. As 
I read each sentence say YES if you heard the sentence when you listened to the tape. 
Say NO if you did not hear the sentence when you listened to the tape. Some of the new 
sentences that I read to you may sort of have the same meaning as the sentences that you 
heard before. You should still say NO even if a new sentence is sort of like a sentence 
that you heard before. So. say YES to any sentence that you heard on the tape and say 
NO to any sentence that you did not hear on the tape. Be careful not to say YES to all the 
sentences. Remember you do not have to do this if you do not want to. You may stop at 
anytime and let me know that you do not wish to continue. 

Note: Remember when the memory test is over praise the children before returning them 
to the classroom. Tell them that they did very well, that they remembered lots of words, 
and that they are very good at learning to remember new words. 
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