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ABSTRACf 

Stimulated by applied concerns. the literature on children's false memories has 

proliferated for the past decade. Two different types of memory falsification have been 

identified: spontaneous and implanted. The former results from endogenous distortion 

processes. and. the later arises exogenously through accidental or deliberate suggestion or 

misinformation. 

This study is the first to look at developmental trends in children's memory 

falsification comparing spontaneous and implanted false memories under similar 

conditions. by introducing a new experimental paradigm. Two age groups participated in 

this study: (I) 50 first and second graders. and (2) 49 seventh and eighth graders. 

Children first studied 42 sentences about everyday events. Either in the same day or a 

week later. misinformation was presented by replacing some of the original sentences 

with misleading ones. Children's memory was assessed by both an immediate and a one

week delayed forced-choice recognition test. The test choices included original items and 

unpresented items. some of which were related to the originals. Item repetition was 

manipulated within and between tests. Results indicated that children's memories were 

susceptible to the effects of misinformation. Developmentally, true memory reports 

increased with age. but there were no age differences in children's false report rates. The 

comparison between spontaneous and implanted false memories under specific 

experimental manipulations yielded the following results: ( 1) Memory accuracy was 

greater when children were tested immediately following study; (2) the misinformation 
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effect was greater with delay: ( 3) within-test repeated questioning generated neither gains 

nor losses in memory accuracy: (4) a prior test produced a gain in memory accuracy on a 

week-later test only for older children: ( 5) implanted false memories were preserved 

across a one-week forgetting interval better than spontaneous false memories. and this 

effect increased with age. 

Different theoretical accounts of memory falsification were analyzed in light of 

the results. Fuzzy-trace theory provided new explanations that could account for the data 

by assuming that different classes of memory representations about experienced events-

verbatim and gist--are retrieved on memory tests. 



CHAPTER I 

INTRODUCTION 

Memory falsification has interested researchers throughout this century (e.g .. 

II 

Bartlett. 1932: Underwood. 1965). Most of that early work focused on adult populations. 

with rare exceptions. such as Binet's ( 1900) research on children's suggestibility. Today. 

however. false-memory phenomena have become topics of special significance owing to 

their legal ramifications. Questions about children ·s ability to accurately report what they 

have witnessed have been explored in cases involving charges of physical or sexual abuse 

when the alleged victims are children or were children at the time of the reported abuse 

(Ceci & Bruck. 1995). 

Stimulated by these applied concerns. the literature on children's false memories 

has proliferated. For the most part. this literature deals with the conditions that create 

false memories in the first place and with how susceptibility ro those conditions varies 

with age (for a review. see Ceci & Bruck. 1993 ). Two classes of false memories have 

been identified (Reyna. 1995): spontaneous and implanted. The former arises 

endogenously through autosuggestion. and. the later arises exogenously through 

accidental or deliberate suggestion or misinformation. 

The literature on children's memory falsification has an important limitation. 

namely. little is known about the comparison between spontaneous and implanted false 

memories. In fact. there are two literatures with different methodologies. Research 



devoted to the study of spontaneous or aurosuggested false memories generally involves 

laboratory methodologies. Research on implanted false memories in children is usually 

carried our in more naturalistic contexts. However. efforts to simulate reality often 

sacrifice experimental control and careful testing of hypotheses (Brewer. 1997). 
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Despite the large literature on children· s memory falsification. little progress has 

been made towards understanding the phenomenon on theoretical grounds. Consequently. 

the present study focuses on theoretical questions. In addition. it is one of the first studies 

to compare the rwo classes of false memories--spontaneous and implanted--under similar 

experimental conditions. 

Growing our of fuzzy-trace theory. a new experimental paradigm to investigate 

memory falsification effects in children was developed addressing some previous 

criticisms (e.g .. McCloskey & Zaragoza. 1985) that misinformation effects might reflect 

some inherent bias in the procedures traditionally used to assess them. The new paradigm 

includes a forced-choice recognition procedure where the target and both a semantically 

related and unrelated distractors are presented as test choices. 

Recent studies have produced two new findings with potentially broad 

implications for children's testimony that have not yet been obtained comparing the two 

classes of false memories. Those findings are concerned with the relative stability of false 

memories over time (Brainerd. Reyna. & Brandse. 1995) and the tendency of mere 

memory tests to create false memories in children (Brainerd & Reyna. 1996). Both 

persistence of implanted and spontaneous false memories and the effect of a prior 

memory test were studied. 



In sum, this research is concerned with three major issues about memory 

falsification in children: 

1. The comparison between spontaneous and implanted false memories in 

children: 

Age trends in spontaneous versus implanted false memories: 
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3. The effects of specific experimental manipulations (e.g .. time of testing. time 

of misinformation and repeated testing) on spontaneous versus implanted false memories 

in children. 

The remaining sections include a Literature Review that examines research on 

both spontaneous and implanted false memories. Then. conflicting developmental 

findings on the two classes of memory falsification are discussed, followed by an analysis 

of the different theoretical accounts of the phenomena. Finally, a modern theoretical 

approach to memory falsification--fuzzy-trace theory--is considered. The Literature 

Review ends with a description of some recent experimental manipulations that have 

produced instructive findings about children's spontaneous and implanted false 

memories. The Method chapter presents a detailed description of the new experimental 

paradigm as well as the design of the study, sample characteristics. procedures and 

materials. The Results chapter first reports children's overall memory performance and 

then it presents results comparing spontaneous and implanted false memories. The last 

chapter discusses the findings in light of the predictions of different theories. Finally. 

limitations of this research are considered. 



CHAPTER II 

LITERATURE REVIEW 

Memory Falsification in Children: Spontaneous Versus Implanted 

14 

The ubiquitous phenomenon of remembering something that was not 

experienced--false memory--can arise in two general ways: spontaneously and via 

implantation. Spontaneous or autosuggested false memories (Brainerd & Reyna. 1995) 

are the result of some endogenous distortion in memory. 

Implanted false memories result from external suggestion (deliberate or 

accidental) of a detail or meaning that fits with the overall gist of experience. Two types 

of implantation procedures have been used with children: one that involves explicit or 

subtle pressure to respond in particular ways. and another that involves exposure to 

specific misleading information about some target event (see Ceci & Bruck 1993. 1995. 

for a review). Children may also accept information and yet be fully aware of its 

incompatibility with the original experienced information. as in the case of acquiescence 

to social demands. or lying (Bruck & Ceci. 1997). These forms of suggestibility do not 

involve alteration of memory and hence will not be the focus of the presem study. 

Since the classic studies of memory distortions in children conducted by Alfred 

Binet ( 1900), there has been an imbalance in research on memory falsification. 



Spontaneous and implanted memory studies have followed independent lines of 

investigation. with little attempt being made to compare the two types of memory 

distortion. 
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One line of investigation has been devoted to the study of spontaneous or 

autosuggested false memories in children. These studies generally involve first the 

exposure and encoding of some target events. typically either a list of words (e.g .. 

Brainerd & Reyna. 1996) or a list of sentences (e.g .. Paris & Carter. 1973: Reyna & 

Kiernan. I 994). Following the target exposure. children receive a memory test. Although 

recall tests have sometimes been used (e.g .. Bjorklund & Muir. 1988: Brown. Smiley. 

Day. Twonsend. & Lawton. 1977. Experiment 2). most studies have used recognition 

tests (see Brainerd & Reyna. in press-a. for several examples). On recognition tests. 

probes consist of a mixture of targets and distractors. Distractors are usually of two 

general sorts: ( l) a new item that can either be semantically related to the target (if 

DRESS was a target. SHIRT would be such a distractor). or acoustically related to the 

target (if DRESS was the target. GRASS would be such a distractor): (2) a meaning 

inconsistent distractor. semantically or acoustically unrelated to the target (e.g .. 

TELEVISION. if DRESS was the target). On a recognition test. children are usually 

instructed to accept only the target (i.e .. say "yes .. to the target probe) (see Brainerd. 

Stein. & Reyna. 1998. for modified recognition instructions). Children can make two 

types of false reports. namely. false alarms to distractors (e.g .. accepting SHIRT) and 

incorrect rejections of targets (e.g .. saying "no" to DRESS). Such false reports may be 

caused by either memorial or nonmemorial processes. The later refer to situations when a 



test probe does not produce the retrieval of relevant memories. Children then rely on a 

variety of response biases to make recognition decisions. These biases might include 

guessing. response alternation. response preservation. yes-saying. and nay-saying 

(Hirshman. 1995: Strack & Forster. 1995). 
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Another line of investigation has explored memory impairments by external 

suggestion or misinformation (i.e .. presentation of information that falsifies some 

incidental detail of the earlier target events}. Memory suggestibility has been extensively 

studied in adults. and more recently in children. by implementing a classic interference 

paradigm developed by Loftus ( 1979). The basic misinformation design involves three 

phases. First. children experience an event. The event. or target information. can be of 

many different sorts: filmed events (e.g .. Cassel & Bjorklund. 1995). pictures and 

narratives (e.g .. Ceci. Ross. & Toglia. 1987). live staged events (e.g .. Poole & Lindsay. 

1995). or even a real experienced event. for instance an actual visit to the doctor (e.g .. 

Bruck. Ceci. Francoeur. & Barr. 1995). For the most part. studies of children· s 

misinformation have used naturalistic events as targets ( Ceci & Bruck. 1993 ). The second 

phase of the misinformation paradigm involves the presentation of misleading 

information usually embedded in an interview or narrative. Finally. children's memory is 

assessed with either recall tests (e.g .. Baker-Ward. Gordon. Ornstein. Larus. Clubb. 1993: 

Howe. 1991 ). or most commonly with recognition tests (see Ceci & Bruck. 1993. for 

several examples). Usually on recognition tests. both the target information. (e.g .. eating 

eggs for breakfast) and the misleading information (e.g .. eating cereal for breakfast if 

.. eggs" was presented as the target) are presented as test options. Some misinformation 
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studies (e.g .. Ceci et a!.. 1987) have used a modified recognition test introduced by 

McClosky and Zaragoza ( 1985). In this modified test. children choose between the 

original stimulus (i.e .. the target) and some new stimulus. rather than between the original 

and the misleading stimuli. For both misinformation and spontaneous memory 

falsification studies. the time interval between target presentation and memory test can 

vary from a few minutes and days to months or even years <e.g .. Poole & White. 1993). 

An important methodological difference between studies of implanted and 

spontaneous false memories concerns the stimulus materials. Studies of children· s 

implanted false memories tend to use autobiographical statements about everyday life 

experiences. This is motivated by the desire to generalize results to court cases. In so 

doing. however. experimental control and careful testing of hypotheses are sacrificed. 

Consequently. findings are often hard co interpret because of possible confounds from 

uncontrolled variables. In fact. attempts ··to provide insights into the intricacies of 

children's testimonial competence in ecologically relevam settings'' have produced a 

literacure "riddled with contradictory interpretations of results .. (Ceci & Bruck. 1993. p. 

403 ). Therefore. as Ceci and Bruck ( 1993) concluded in their review of this literature. 

"the exact mechanisms involved in producing distortion in young children· s reports are 

still being debated" (p. 432). 

In contrast. spontaneous false memory studies tend to be more traditional 

laboratory experiments. Hence. although the literature is smaller. these studies have 

produced more consistency in their findings and consequently some progress has been 



made in understanding the processes that produce false memories ! e.g .. Brainerd & 

Reyna. 1995. 1996: Reyna & Brainerd. l995a: Reyna & Kiernan. I994L 

Age Trends in Memory Falsification 

Is there systematic age variability in the two types of memory falsification: 

spontaneous and implanted false memories? Research bearing on this question has been 

inconclusive. 

Developmental Results on Spontaneous False Memories 

Reyna and Kiernan pointed out ( 1994) that there are inconsistent results about 

developmental trends in spontaneous false memories in children. Several studies have 

found that the tendency ro false alarm to related distractors decreases with age (e.g.: 

IS 

Brainerd. Reyna & Kneer. 1995: Reyna & Kiernan. 1994 ). but false-alarm rates have also 

increased with age in some studies (e.g .. Bach & Underwood. 1970: Brown et al.. 1977). 

or have been age-invariant in others (e.g .. Paris & Carter. 1973). 

Why? Methodological differences are. of course. the obvious possibility. Such 

differences are apparent from a review of the relevant studies. 

Age differences were not detected. for example. in Felzen and Anisfeld • s ( 1970) 

continuous recognition study using word lists. Their studies used a fairly small test list 

(only 12 targets with corresponding related and unrelated distractors) and false alarm 

rates were near floor. Obviously. one must produce statistically reliable false alarm rates 
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before reliably producing age differences in false-aiarm rates < cf. Brainerd. Reyna. Howe. 

& Kingma. !990). In addition. Felzen and Anisfeld studied a very narrow age range <the 

younger group was a sample of children 8 to 9 year-olds and the older group was I 0 ro I I 

year-oldsi. 

A developmental increase in false alarm rates to semantically related distractors 

was found by Bach and Underwood ( 1970). Their multiple-choice recognition test 

included the t2.rget and three types of distractors: ( I) meaning related distractors 

(associates). (2) acoustically related distractors (rhymes l. ( 3) unrelated distractors. The 

crucial result was an age increase in false alarms to the first type of distractor (i.e .. 

associates). Inspection of Bach and Underwood's list of meaning related distractors 

reveals that there was no experimental control for type of target-distractor semantic 

association. The list of associates had approximately 27.5% antonyms. 20% synonyms 

and the remaining 52.5% of the list included distractors that vary in their semantic 

overlap with the corresponding target. Besides. Bach and Underwood's vague test 

instructions might have contributed to obtaining age increase in semantic false 

recognition. Children usually assume that they should respond on the basis of meaning 

(Alba & Hasher. 1983) and the ability to establish meaning relationships increase with 

age (Brainerd & Reyna. in press-a). Hence. clear instructions to select only the target 

with explicit examples of false responses are pivotal in assessing children's memory 

(Reyna & Kiernan, 1994). 

Finally, an age decrease in spontaneous false recognition was found in other 

studies, such as Brainerd and Reyna ( 1996), Brainerd, Reyna. and Brandse ( 1995), 
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Brainerd. Reyna. and Kneer ( 1995). Reyna and Kiernan ( 1994. 1995). These studies used 

word lists (e.g .. common nouns) or sentences as their stimulus and yes-no recognition 

tests. Tests included targets and distractors. some of which were semantically related to 

the targ:ets. In addition. children were carefullv instructed about the nature of the test and 
~ ~ 

the test probes. 

Developmental Results on Memory SuggestibilitY 

There seems to be no question that memory distortions in children can be 

produced by misleading information about a multitude of events. ranging from 

peripheral. unimportant details to actions to their own bodies that could have been painful 

or embarrassing (Ceci & Bruck. 1995). However. there has been controversy concerning 

the nature of developmental trends in susceptibility to misinformation (Brainerd & 

Reyna. in press-a). 

Some studies have found that misinformation effects decrease with age (e.g .. 

Cassel & Bjorklund. 1995: Ceci et al.. 1987). Although Ceci et al. ( 1987. Experiment l l 

found no developmental differences in children's susceptibility to postevent suggestion 

between the ages 7 and 12. they observed a decrease in misinformation effects between 

3-. 4-year-old children and older ones. They presented children with a short story about a 

girl's first day at school. One or two days later. children were asked either neutral or 

misleading questions about the story. The misleading questions falsified some original 

information in the story (e.g .. the girl's stomachache was replaced by headache). When 

force-choice recognition was used to assess children· s memory two days after the story 



presentation. there was a small. but significant age difference in the misinformation 

effect. with preschoolers being more suggestible than older children. 
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In line with those findings. Ceci and Bruck ( 1995) concluded that there are age 

differences in children·s suggestibility ... with preschoolers most prone !o suggestive 

influences .. (p. 251). On the other hand. some studies have found no age variability in 

misinformation effects (e.g .. Howe. 1991 ). There is also evidence of developmental 

increases in misinformation effects. For instance. Pezdek and Roe ( 1995) found that 

misinformation effects increased between the ages 4 and lO when children were 

presented with separate recognition probes for misinformed targets. misinformation

embodying distractors and unrelated distractors. Similar results within the same age range 

were found in a later study by the same authors ( Pezdek & Roe. 1997). As with 

spontaneous false recognition studies. the methodological differences among 

misinformation studies prevent any precise comparison among their results. 

A Theoretical Perspective on Memory Falsification in Children 

A challenge to modern theories of memory is to be able to explain such 

conflicting findings as the ones on the development of memory falsification. Two 

theoretical approaches have guided most of the research in this field. One is rooted in the 

idea that memory is a unitary code system. and the other in the idea that memory involves 

multiple representations. 



Historically. since the landmark work by Bartlett ( 1932) on culturally biased 

distortions of folk tales by adults. the one-code approach has been used to explain 

memory distortions. Memory was assumed to be constructive in the sense that when 

information is encoded. the semantic interpretation is extracted and the surface form of 

the information is lost. Put in another way. the resulting unitary representation stored in 

memory is shaped by inferential processes. which results in a representation quite 

different from the original experience. Similarly. Piagefs theory (Piaget & Inhelder. 

1973) also assumes that reasoning shapes memory. 

.,., 

Within the same constructivist framework. schema theory (Alba & Hasher. 1983) 

explains distortions in memory as the result of storage processes that are heavily 

determined by a guiding schema or knowledge framework. The experienced information 

is actively selected and its semantic code abstracted and interpreted to fit the person's 

activated schema. The interpretation process might fill in some missing information in 

the encoded representation to better fir the activated schema and then be integrated with 

the existing knowledge. According to schema theory. the result from this interpretative 

processing is again a representation that is far from an accurate depiction of the original 

event. 

Bransford and Franks' ( 1971) sentence recognition study is often used to support 

the constructive position. They presented adults with a series of sentences. On the 

recognition test. although subjects could easily reject the unrelated sentences. they had 

difficulty distinguishing studied sentences from related sentences (that preserved the 

meaning of the originally studied sentences). In addition. subjects rated those false 
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sentences with much higher confidence than sentences that they actually saw before in 

the study phase. They interpreted these results as supporting the notion that during 

acquisition phase. adults spontaneously integrated the information expressed by a number 

sentences into holistic semantic ideas (Schwartz & Reisberg. 1991 ). Paris and Carter 

( 1973) obtained comparable results by presenting children with sentences containing 

spatial relationships. Children falsely recognized true inferences as being experienced. 

Their results seemed also to support the notion that children· s memory is constructive. 

The experiments described above show that both adults and children recognized 

sentences and passages as having occurred if they were similar in meaning to previously 

studied materials. Similar results were obtained earlier by Underwood ( 1965: see also 

Anisfeld & Knapp. 1968) with recognition of words. Underwood gave subjects a 

continuous recognition test with word lists. The lists were composed of words that they 

had seen before and distractors that bore various semantic relations to the studied ones. 

False-alarm rates were higher for semantically related distractors than for unrelated 

distractors. Underwood interpreted those results as being caused by implicit associative 

responses during encoding. When a subject studied TABLE. CHAIR might be retrieved 

and therefore later recognized. With increasing numbers of related words. the chances of 

subjects producing a certain related distractor might increase (see Roediger & 

McDermott. 1995). 

In short. according to constructivism, misrecognition of inferences occurs because 

memory is constructed from understanding. It follows from this interpretation that 

recognition judgments of presented sentences or words and judgments of semantically 



related distractors should be dependent on each other. However. Reyna and Kiernan 

( 1994 ). using Paris and Carter· s ( 1973) paradigm with children. found that judgments to 

targets and semantically related distractors were independent of each other. The 

independence finding has been replicated in several others experimental paradigms. both 

for spontaneous (e.g .. Brainerd & Reyna. 1993) and implanted false memories (e.g .. 

Titcomb. 1996). The idea that memory is constructive is very hard to reconcile with these 

memory-independence results. 

Another challenge to the constructivist approach is to explain the contradictory 

developmental findings discussed in the previous section. Constructivism predicts that 

because false memories are due to inferential processes. false memory should increase 

with age as inferential processes are also increasing with age (Piaget. 1968). However. as 

seen before. there is no consistent support for this prediction. 

Fuzzv-Trace Theorv: A Modem Theoretical Approach to Memorv Falsification 

Fuzzy-trace theory is a new explanation of false memory that is able to handle 

findings such as memory independence and inconsistent development trends (for a 

comprehensive review see Reyna & Brainerd. 1995al. Fuzzy-trace theory. among other 

modern theories of memory (e.g .. Jacoby. 1991. 1996). asserts that memory involves 

multiple. dissociated representations. Starting with an important paper by Mandler 

( 1980). multiple-process theories assume that. specifically in a recognition paradigm. two 

different memory representations of studied items are stored. Fuzzy-trace theory 

(Brainerd & Reyna. 1993. Reyna & Brainerd. 1995a) posits that two distinct memory 
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representations are encoded in parallel and stored independently. One kind of 

representation. verbatim. incorporates episodically encoded surface details of experience. 

Gist representations. on the other hand. capture the meaning. patterns and essence of the 

information. Furthermore. the forgetting rates differ for each type of representation. with 

memories for the gist being more robust and stable overtime than verbatim memories that 

are more fragile and fade more rapidly. 

For instance. on a word list recognition test (e.g .. if DRESS was a studied target). 

children store separate verbatim (e.g .. DRESS) and gist memories (e.g .. clothing item! of 

the studied material. More importantly. either can be retrieved and provide the basis for 

performance on a memory test. Available evidence (for a review. see Reyna. 1995) 

suggests that two factors are crucial in determining which type of memory is retrieved: 

the retrieval cues that are supplied by memory tests and the differential forgetting rates of 

verbatim and gist memories. Concerning the former. in line with principles such as 

encoding specificity (Tulving & Thomson. 1971 ). cues that specify the surface forms of 

events are more likely to prompt retrieval of verbatim traces. whereas cues that preserve 

only aspects of events' meanings are more likely to prompt the retrieval of gist traces. In 

false-recognition studies. this means that target probes are likely to cue retrieval of their 

verbatim traces, but related-distractor probes are likely to cue retrieval of gist traces of 

their instantiating targets (Ackerman, 1994; Brainerd, Reyna. & Kneer. 1995). 

Concerning differential forgetting rates of verbatim and gist traces, there are 

important consequences for false recognition effects. The memories that are retrieved 

when targets are tested will tend to shift from verbatim traces on immediate tests to gist 



traces on delay tests. whereas those that are retrieved when related distractors are tested 

(gist traces) will remain relatively constant (e.g .. Payne. Elie. Blackwell. & Neuschatz. 

1996: Reyna & Kiernan. 1994. 1995). 

Memorial Bases for Spontaneous and Implanted False Memories 
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Two types of false reports can occur in either false recognition or misinformation 

studies- incorrect rejection of targets and false alarms to distractors. These erroneous 

responses can arise from information that was stored during the experiment (Brainerd & 

Reyna. in press-a). 

Incorrect rejection of targets can result from retrieval of verbatim forms of other 

targets in both standard false recognition and misinformation designs. In addition. 

incorrect rejection of targets may also occur in the latter design due to the retrieval of the 

verbatim forms of misinformation. 

In the case of false recognition studies. children may falsely recognize a distractor 

as being studied based on gist memories that preserve the meaning shared by both the 

target and the distractor. For instance. SCREWDRIVER was the studied target and 

HAMMER was tested later. Since both words share the same gist. the child might not 

have the verbatim form of the target available anymore (especially on a delayed test). but 

still have a vague recollection that the studied list contained the name of a tool of some 

sort. Then. when HAMMER is tested. it is falsely accepted because it preserves the gist 

of the target (Titcomb & Reyna. 1995). 
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Turning to misinformation designs. false alarms are supported by both gist and 

verbatim memories. As in false recognition studies. the gist shared by the target (e.g .. 

DRESS) and the misinformation-embodying distractor (e.g .. SHIRT) could support the 

acceptance of the latter. Concerning verbatim memories. the distractor SHIRT may be 

accepted because children may remember the precise verbatim form of it. 

In sum. when a probe is presented on a recognition test. it initiates retrieval of 

stored memories from the study phase. If a target is presented as a test probe. verbatim 

memories might be retrieved and compared to the verbatim representation of the probe. 

In the case of a false recognition study, a categorical judgment of identity can be made 

and the target probe is correctly accepted. However. the same verbatim-verbatim 

comparison might lead to a nonidentity judgment if the probe is not the target. but say. a 

distractor (Brainerd. Reyna. & Kneer. 1995). In that case. regardless of whether 

distractors share meaning with targets. if the verbatim memory of the target is retrieved 

and compared to the verbatim representation of the probe it will lead to acceptance of the 

target and rejection of the distractor. However. in a misinformation design. if a target-

conflicting verbatim memory is retrieved from the misinformation phase. verbatim-

verbatim comparisons might lead to a false judgment of non-identity and rejection of the 

target coupled with a false judgment of identity and incorrect acceptance of the 

misinformation-embodying distractor. 

On the other hand, if only gist memories are retrieved and compared to the gist 

representations of the probe, this gist-gist comparison will lead to a judgment of the 

degree of similarity between the retrieved memories and the probe leading to nonspecific 



feelings of resemblance. In this case. similarity judgments will support acceptance of 

targets because meaning resemblance is strong. But. in both false recognition and 

misinformation designs. gist-gist comparisons will also support false acceptance of 

related or misinformation-embodying distractors. respectively. when meaning 

resemblance is strong enough to exceed some subjective threshold <Brainerd. Reyna. & 

Mojardin. 1997). 

Regarding false recognition studies. a key difference between gist-based 

similarity judgments and verbatim-based identity judgments is that false alarm rates will 

increase as the meaning overlap between targets and distractors increases under 

conditions of similarity judgment. but not under conditions of identity judgment 
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1 Brainerd & Reyna. in press-a). However. as seen before. the picture is more complex in 

misinformation studies. Depending on which verbatim memories are retrieved. either 

from the original target or the misinformation. verbatim-verbatim comparisons will either 

lead to acceptance of the target and rejection of the misinformation or vice-versa. 

Explaining Developmental Trends in Memory Falsification 

Considering that spontaneous and implanted false memories can be supported by 

two distinct types of representations--gist and verbatim--fuzzy-trace theory provides 

explanations of the inconsistent age trends in developmental false recognition and 

misinformation studies. Developmental decreases in false recognition were observed 

when experimental manipulations encouraged children to make verbatim comparisons--
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both identity and nonidentity judgments--when responding to distractors 1 e.g .. verbatim 

priming in Brainerd. Reyna & Kneer. 1995: verbatim instructions in Brainerd & Reyna. 

1996: Brainerd. Reyna. & Brandse. 1995: Reyna & Kiernan. 1994. 1995'1. On the other 

hand. in tasks that strongly encouraged gist-based similarity judgments when responding 

to related distractors 1 favoring false recognition l. a developmental increase in false 

reports was observed (e.g .. Reyna & Kiernan. 1994. Experiment 2. 1995: Mojardin. 

1997). In third type of experimental procedure that did not strongly favor either verbatim 

nor gist comparisons with related distractors. age changes might not be observed. because 

although both abilities develop. one (gist comparison) produces false alarms and the other 

(verbatim comparisons l produces correct rejections. Thus. in contrast with the 

constructive inference hypothesis. the developmental patterns in false recognition rates 

1 even for the same materials) can change depending on whether the task 1 i.e .. materials. 

instructions. etc.) has a verbatim slant or a gist slant (Reyna. 1996 ). 

Support for this prediction comes from two experiments reported by Reyna and 

Kiernan ( 1994 ). Both experiments compared sentence recognition judgments in two age 

groups: 6 and 9 year-old children. The orientation in one of the experiments was strongly 

toward gist. Children were instructed to ignore exact wording of target sentences and to 

attempt to understand what each sentence meant. and then to accept all test items that 

were consistent with the meaning of targets. In this experiment. acceptance rates for 

meaning consistent sentences was found to increase with age. The orientation in the other 

experiment was verbatim: children were instructed to listen to the precise wording of 

each target sentence and to accept only test sentences that were exactly the same as the 
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targets. Under verbatim instructions. the acceptance rates for meaning-consistent versus 

meaning-inconsistent distractors decreased with age. Comparable results were also 

reported for children's memory and interpretation of metaphors <Reyna & Kiernan. 

1995). Further empirical evidence comes from Brainerd. Reyna. and Kneer 1 1995). They 

tested the assumption that when verbatim processing is increased. false recognition 

should decrease with age. by presenting targets as test items immediately before related 

distractors (verbatim priming manipulation). They found a false recognition reversal 

effect under verbatim priming conditions: related distractors were easier to reject <non

identity judgment l than unrelated distractors and false recognition tended to decrease 

with age. 

Concerning development trends in misinformation. opponent processes can 

explain the discrepancies in the direction of age changes observed in the studies reviewed 

before. Recall that misinformation usually involves two effects: suppression of hit rates 

and false alarm elevation for distractors that embody misinformation. These effects are 

most probably due to the tendency of misleading suggestion to cause verbatim traces of 

misinformation to be retrieved in place of the original target verbatim representation. 

resulting in a false identity judgment of the misinformation embodying distractor. as well 

as an incorrect non-identity decision about the target. Retention of both verbatim and gist 

memories are improving with age. So. retention of verbatim memories of targets is 

improving with age (hit rate increase). but so are verbatim memories of misinformation 

and shared gist memories of targets and misinformation embodying distractors (hit rate 

decrease. false alarm rate increase). In sum, there are opponent memory processes 



developing with age that contribute to performance in misinformation studies. This 

substantiates the fact that depending on design factors (such as delay of testing or 

misinformation). the direction of developmental misinformation effects may vary from 

study to study (Brainerd & Reyna. in press-a). 

Experimental Manipulations in the Study of Memory Falsification 

There are certain experimental manipulations that have important effects on 

spontaneous and implanted false memories. These variables are also relevant to the 

understanding of false memory in applied situations. such as eyewitness testimony. 

Time of Misinformation and Time of Testing 

As discussed before. forgetting rates are higher for verbatim compared to gist 

memories (Murphy & Shapiro. 1994). Therefore. subjects are more likely to rely on 

verbatim representations immediately after presentation of the original information. but 
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to shift to gist after delay (Reyna & Kiernan. 1994 ). Hence. other things being equal. 

delaying the memory test in a false recognition design has the effect of increasing false 

alarms to semantically related distractors relative to an immediate memory test (e.g .. 

Mojardin. 1997). More interesting for present purposes. age interacts with delay. After 

some moderate delay (e.g .. hours), age differences should be observed. with higher 

memory accuracy for older children since they are better able to retain the verbatim of the 

information compared to younger children (e.g .. Ackerman. 1992). However. after some 



substantial delay (i.e .. one week or more). age differences should disappear (e.g .. Reyna 

& Kiernan. 1994). because forgetting curves are negatively accelerated. after a long 

delay. verbatim memories should become relatively inaccessible for children. regardless 

of age (Brainerd et al .. 1990). Therefore. on a delayed test children of any age will tend to 

respond on the basis of gist. 

In the case of developmental declines in false-alarm rates. Brainerd and Mojardin 

(in press) have remarked that it is unlikely that age effects are due to developmental 

variability in gist memories. With age. inferential abilities are developing (Piaget & 

Inhelder. 1973) and therefore the availability of gist traces should increase (Reyna & 

Titcomb. 1997). It is more likely that age variability in false recognition studies is due to 

developmental increases in the ability to retain verbatim traces and to retrieve them when 

distractor probes are presented. leading to their correct rejection (Brainerd. Stein. & 

Reyna. 1998). 

Delay is also important in obtaining suggestibility effects. Payne. Toglia. and 

Anastasi's ( 1994) metanalysis of several misinformation studies showed that 

misinformation effects were related to the length of the retention interval. They also 

pointed out that .. there are very few studies available in which retention interval is varied 

within the same experiment. or even under the same general conditions·· (p. 381 ). 

Furthermore. although there is clear evidence that delay affects suggestibility. it still not 

clear what the underlying mechanism is (Titcomb & Reyna. 1995). Regarding time of 

testing. delaying the time of the memory test has produced age variability in 

suggestibility studies (e.g .. Cassel & Bjorklund. 1995: Ceci et al .. 1987). 
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In forensic situations. the embedding of misinformation in witnesses· memories 

often takes place long after the event being investigated was witnessed. Experimental 

manipulations bearing on the issue of timing of misinformarion have produced instructive 

findings. Warren and Lane ( 1995) found that adults were more adversely affected by 

suggestive questioning if it occurred one week after event presentation as opposed to 

immediately after (for similar results see Belli. Windschitl. McCarthy. & Winfrey. 1992). 

However. available data on timing of misinformation effects in children is inconclusive. 

usually because this manipulation is confounded with others in the design (e.g .. Warren 

& Lane. 1995). 

Repeating Testing 

The issue of frequency of memory testing may also be critical for accuracy in 

testimony. Earlier in this century. Stern ( 1910) warned about repeated questioning. 

claiming that subjects· answers are better remembered than the actual events (for further 

details on Stem·s work see Ceci & Bruck. 1995) 

How does repeated testing of children· s memories influence the accuracy of their 

subsequent reports'? On the applied side. forensic examination of child witnesses 

commonly involves several interviews conducted by attorneys. police. social workers and 

therapists. It is estimated that children are interviewed at least a dozen times during the 

course of a legal investigation (Whitcomb. 1992 . cited in Poole & White. 1995). 

Brainerd and Ornstein ( 1991) have shown that on a long-term retention test. recall of 

studied items is enhanced if the items have been previously tested. compared to items that 



were not tested before (i.e .. the so called. inoculation effect. Brainerd et al.. 1990 l. 

Memory tests improve performance for targets by improving the accessibility of verbatim 

traces on subsequent tests (Poole & White. 1991. 1993: Warren & Lane. 19951. Poole and 

White ( 1995) reviewed a series of studies supporting the conclusion that .. multiple testing 

sessions preserve memories over time .. ( p. 34) without introducing inaccurate 

in format ion. 

For instance. in an early study. Dent and Stephenson ( 1979. Experiment 2l 

presented 10- and 1 !-year-old children with a film depicting a theft. Children were then 

assigned to three testing conditions: (a) immediately. I day. 2 days. 2 weeks and 2 

months later: (b) 2 weeks and 2 months later: and (c) only 2 months later. All interviews 

involved free recall. Prior testing had a beneficial effect on accuracy: children in the first 

condition recalled more correct information than in the other two conditions. but the 

amount of incorrect information recalled did not vary as a function of number of prior 

tests. 

Brainerd and Reyna ( 1996) pointed out potential design limitations in studies that 

found that repeated testing inoculates true memories without creating false ones. namely 

that they all involved some form of recalL Basic memory research has demonstrated that. 

regarding the two basic methods of testing memory--recall and recognition--effects 

observed with one type of test may not be observed with the other (e.g .. Baddeley. 1976). 

It might be the case that recognition tests could detect false memories even if recall tests 

do not (see discussion above on fuzzy-trace theory's account of false recognition). 
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A further problem with recall studies is that as a rule. recognition probes are an 

essential part of forensic interviews because children. especially young ones. provide 

limited information in response to recall probes (Cassel & Bjorklund. 1995: Cassel. 

Roebers. & Bjorklund. 1996). For instance. in State v. Michaels. a child was asked the 

following force-choice recognition question: .. What room was it in. was that in the nap 

room or music room?" (cited in Ceci & Bruck. 1995. p. 144). Since interviewers were not 

present when events under investigation occurred. it is inevitable thac many of these 

probes. perhaps most of them. refer to events that did not happen. 

Studies using recognition tests have shown that mere memory tests can increase 

false alarm rates on later tests (Brainerd & Reyna, 1996; Payne et al.. 1996 ). Brainerd and 

Reyna ( 1996) presented 5- and 8-year-old children with a list of familiar nouns (e.g .. 

CAT). Half of the words were tested immediately following the study phase and all the 

items were tested one week later. The test lists also contained related distractors that 

either were category names of the targets (e.g .. ANIMAL if CAT was the target). or 

exemplars of the same category (e.g .. IRON for the target STEEL). The test lists also 

included unrelated distractors. Results showed that a prior memory test produced both 

true-memory inoculation and false-memory creation on later tests. Developmentally. 

true-memory inoculation increased and false-memory creation decreased. The latter 

results were not replicated by Brainerd and Mojardin (in press) in a sentence recognition 

design with immediate. one week and one month tests. In Experiment 1. they found that 

true-memory inoculation was age invariant over a one-week delay and that false-memory 

creation increased between the ages of six and eleven. One month later. a true-memory 



inoculation effect was not detected. but false-memory creation increased with age. In 

short. Brainerd and Mojardin found prior memory tests reduced older children· s 

performance more than younger children· s. 
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As noted in previous sections. both verbatim and gist memories might be involved 

in misinformation effects when recognition tests are used as memory measures. Thus. the 

picture is not so clear regarding repeated testing effects on suggestibility. 

Researchers have also discussed the potential hazards of repeated questioning 

within the same interview (see Ceci & Bruck. 1995. and Poole & White. 1995. for 

discussions of the topic). Adults often repeat the same question when interviewing 

children. either to check the consistency of children· s reports or to get further 

information. Cassel et al. ( 1996) asked kindergartners. second and fourth graders repeated 

and increasingly more suggestive questions a week after they had seen a videotaped 

argument of two children about the use of a bicycle. They found that the two youngest 

groups of children were more likely to change their answers and follow the lead of the 

suggestive questions. Similar results were found by Poole and White ( 1991) when asking 

repeated yes/no questions within the same test session. The studies (e.g .. Cassel & 

Bjorklund. 1995: Cassel et al.. 1996: Poole & White. 1991) usually incorporated some 

kind of recall measure. for instance. open-ended questions. before assessing children· s 

memory with recognition questions. Hence. in order to determine the effect of repeated 

questioning within the same session. variables such as type of memory test (i.e .. recall or 

recognition) must be unconfounded. 



Memorv Persistence 

The stability of witnesses· reports has direct implications for how the results of 

forensic interviews are interpreted. According to a survey of attorneys and judges (Fisher 

& Cutler. 1992). response consistency across interviews is a key criterion that the courts 

use to assess the credibility of testimony. When testimony cannot be confirmed or 

disconfirrned by other evidence. statements that are inconsistent across interviews are 

usually challenged as inaccurate. whereas statements that are consistent across interviews 

are usually not challenged (see Brainerd. Reyna. & Brandse. 1995. and Poole. 1995. for 

discussions of this issue). However. some recent findings on the persistence of both rue 

and false memories raise doubts about the validity of the consistency criterion (Reyna. in 

press). 

Brainerd. Reyna. and Brandse ( 1995) compared persistence rates for hits versus 

false alarms across a one-week period. Kindergartners and third graders were presented 

with a list of 60 concrete nouns. They were tested both at the end of the study session and 

one week later. Results indicated that false reports could be more stable than true ones. 

especially when false alarms were made to semantically related words. They also found 

that the persistence of both true and false memories increased with age. 

Mojardin ( 1997) obtained similar results using stories and sentences about 

everyday objects and events: spontaneous false alarms were sometimes more stable than 

hits even for a one-month delay period. Further converging evidence has been reported 

by Poole ( 1995) when the survival rates for intrusions and correct recalls were calculated 

from the Poole and White ( 1991) data. She found a probability of. 79 that an initial 
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intrusion was repeated. and a probability of .T2 that an initial correct recall was repeated 

(see Brainerd & Poole. 1997. for further details). 

Fuzzy-trace theory provides an explanation for such apparently counterintuitive 

findings. When initial hits are memory based they are supported primarily by unstable 

verbatim representations. whereas initial false alarms are supported primarily by stable 

gist memories. Predicting the relative stability of true and false reports on misinformation 

designs is more complex than in false-recognition designs. As mentioned earlier. a 

fundamental difference between spontaneous and implanted false memories is that the 

latter include both verbatim and gist components (Reyna. I 995). 

Brainerd and Poole ( 1997) reviewed a series of studies· of the long-term survival 

of implanted false reports. Although they noted that those studies were not designed to 

separate the contributions of memorial and nonmemorial factors. the overall findings 

support the conclusion that implanted false reports showed stability over time and that 

they were sometimes less stable than true reports. 

For instance. Salmon and Pipe· s ( 1996) follow-up study to an earlier one 

(Salmon. Bidrose. & Pipe. 1995) had 3- and 5-year-old children participate in a quasi

medical examination involving a confederate dressed as a doctor and a toy bear. The 

children· s stability proportion of correct responses on a 3-day later interview was greater 

than the stability proportion of incorrect information. 

A study by Poole and Lindsay ( 1996) assessed 3- to 8-year-old children ·s 

acceptance of true and false mini-events after being misinformed about some science 

demonstrations they had experienced three months earlier. Reports of true events were 
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relatively stable across the one-month interval. Because testing occurred after a long 

delay following target exposure (i.e .. four months later). true reports should have been 

largely based on stored gist. In contrast. false reports to misinformed events were less 

stable across the same interval. This latter result seems to support the notion that since the 

initial test occurred only one day after children had been exposed to misinformation. their 

initial false reports of misinformation should have been based on fragile verbatim 

memories. 

Summary 

An obvious distinction between spontaneous and implanted false memories is that 

the former are gist based because children have not been told anything that falsifies their 

memory. With misinformation. there are two bases for memory falsification. There is a 

gist basis and there is also the fact that children can access the verbatim form of the 

misinformation. In addition. the differential forgetting rates of verbatim and gist 

memories as well as the retrieval cues provided by tests have been shown to affect the 

memory basis for spontaneous and implanted false reports. 

Developmental trends in false memory are unclear. Spontaneous false memories 

have been most often shown to decrease with age. However. some studies have shown 

increases or age invariance. Developmental trends in implanted false memories are 

similarly inconclusive. Although it has most often been found that older children and 



adults are less suggestible. especially compared to preschoolers. a few researchers have 

found no developmental trend or that misinformation effects increase with age. 
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Several experimental manipulations have been used to study memory falsification 

in children. Results on time of testing and time of misinformation have been instructive. 

Likewise. issues regarding the stability of true and false memories and the impact of 

repeated testing within and across sessions on memory reports have challenged some 

traditional assumptions in the area. Contrary to those traditional assumptions. true 

memory reports are sometimes less consistent over time than false ones. and repetition 

improves memories for experienced events but can also create false ones. 

Various methodological criticisms have been discussed regarding the literature on 

both spontaneous and implanted false memories. specifically the noncomparability in the 

methodologies of those two literatures. Consequently. we need to look at memory 

falsification as a function of misinformation and as a function of spontaneous falsification 

processes using the same stimulus materials. That was the general aim of the present 

research. 



CHAPTER Ill 

METHOD 

Subjects 
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A total of 99 participants were recruited from elementary and middle private 

schools in the Tucson metropolitan area. Arizona. The younger group was a sample of 50 

first and second graders 1 mean age= 7 years. 3 months) and the older group was a sample 

of 49 seventh and eighth graders ! mean age = 13 years. 4 months 1. 

Design 

The study involved a 2x2x2x2x2x2x2 mixed-model factorial design with repeated 

measures on the last three factors. The between-subjects factors were: Age !young- first 

and second graders vs. old- seventh and eighth graders). Time of misinformation 

(immediate vs. delayed). and two random orders of items for each memory test. namely. 

Form of immediate memory test (form A vs. form B) and. Form of delayed memory test 

(form C vs. form D). The within-subjects factors were: Time of testing (immediate vs. 

delayed), Condition (spontaneous vs. misinformation), and Presentation (ftrst vs. second). 



Materials 

A list of 42 sentences was constructed with common words. familiar to both age 

groups participating in the study. Familiarity of the words was assessed by means of 

published norms both on written language (Thorndike. 1921 l and oral language <HalL 

Nagy & Linn. 1984). 

Studv Material 

-+:. 

The pool of 42 sentences was randomly divided into four different sets: ! l) 

~isinformed Targets: 12 target sentences which were subject to later misinformation: ! 2) 

Nonmisinfonned Targets: 12 target sentences which were not misinformed: l 3) Fillers: 

I 0 non-critical target sentences: ( 4) Buffers: 8 buffer sentences. 

The lists were composed by the 42 sentences presented in random order. except 

for the constraint that four buffer sentences were presented at the beginning of the list and 

the remaining four at the end of the list (see Appendix Al. 

Misinformation Material 

All 42 sentences from the stt..dy list were repeated during the misinformation 

phase. except for Set I (i.e., misinformed targets) which was replaced by misleading 

sentences. The misleading sentences were exactly the same as the targets. except that a 

word in each of the targets was replaced by a new word. The position of the replacement 

word varied randomly. The misleading words were typical items of the same semantic 



category as the words they replaced (cf. Battig & Montague. 1969: Bjorklund. 

Thompson. & Ornstein. 1983: Posnansky. 1978). For instance. in the target sentence ··~·ly 

mother gave me a peach to take to the picnic:· pear replaced peach in the misleading 

sentence. 

The misinformation material was composed by I:?. misinformed sentences l i.e .. 

Set I). I:?. nonmisinformed sentences. I 0 filler sentences and 8 buffers. The 

nonmisinformed. filler and buffer sentences were exactly the same as the ones from the 

study material. All 4:?. sentences were presented in random order. except for the constraint 

that four buffer sentences were presented at the beginning of the list and the remaining 

four at the end of the list. 

Forced-Choice Memorv Test 

The forced-choice recognition tests consisted of a list of incomplete sentences 

(e.g .. My mother gave me a ___ to take to the picnic l. The incomplete sentences were 

identical to the study material. except that the crucial word in each sentence was missing. 

Four words were presented as possible choices to complete each sentence: (I l TG- target 

(e.g .. peach).(:?.) RD- misinformation embodied distractor or related distractor (e.g .. 

pear). (3) UDI- unrelated distractor (e.g .. hat), (4) UD2- unrelated distractor (e.g .. 

blanket). Both UDI and UD2 were semantically related to each other. but not related to 

either the TG or the RD. The target and misinformation or related distractor (in the case 

of Set I sentences) were typical items of the same category (cf. Battig & Montague. 



1969: Bjorklund et al.. 1983. Posnansky. 1978). The two unrelated distractors belonged 

to another category different from the target-related distractor one. 

The list for the immediate test condition consisted of 6 misinformed targets (i.e .. 6 

randomly selected sentences from Set l ). 6 nonmisinformed targets (i.e .. 6 randomly 

selected sentences from Set 2). as well as. 10 filler and 8 buffer sentences which were the 

same as the ones included in both the study and misinformation material. The 8 buffer 

items were presented in the beginning of the test list as practice items. Only misinformed 

and nonmisinforrned sentences were repeated during the test and so were their choices for 

TG and for RD. However. two new UD were presented as the other remaining choices 

when sentences were repeated. Hence. the total list for the immediate test had -+2 items. 

The test list for the delayed condition had all the 12 misinformed targets and all 

12 nonmisinforrned targets (plus their respective repetitions). and also the 10 tillers. The 

8 buffers were presented as initial practice items. The total list on the delayed test 

consisted of 66 items (see Appendix B). 

Procedure 

Three different female experimenters were randomly assigned to children. In 

addition to securing consent from parents. the child signed an assent form before the 

session began. 

Subjects were tested individually in a quiet room within their schools. Children 

were randomly assigned to one of the two misinformation conditions: immediate (i.e .. 
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during the same session of study material presentation) or one week delayed 1 i.e .. one 

week after the study material presentation). 

There were two test sessions. The first involved three to four steps depending on 

the experimental group (i.e .. misinformation phase either immediately or delayed). 

Immediate Misinformation Group 

I. Study Phase: After an initial period of familiarization. the children were 

instructed to listen to a tape-recorded list of sentences'. They were told to pay close 

attention to the tape because they would have to remember the sentences later. The study 

material was than presented with each sentence being read at a 3-s rate. 

Buffer Activity: After the presentation of the study material. the child 

participated in a 5 minute. attention-consuming buffer activity with the naturalistic 

hidden figures test Where·s Waldo? (Handford. 1987). Children were presented with a 

series of arrays containing line drawings of large number 1 > I 00) of people in crowd 

situations (e.g .. at a sporting event). The task was to find a particular person !Waldo) in 

the crowd. 

3. Immediate Misinformation: Following the buffer activity. the 

misinformation material was orally presented to the child. Children were told that 

because they would have to remember the tape-recorded list of sentences. the 

1 Audio presentation of research materials in the study phase. as well as. oral presentation on 
misinformation and testing phases were imended to guard against such artifacts as differences in 
reading level. 



experimenter would try to help them by repeating the sentences again. The experimenter 

then read to the child the misinformation material. 

-+. Immediate Memory Test: Children were administered the forced-choice 

memory test. They were carefully instructed to select the word to complete the sentence 

after listening to all four choices. The instructions stressed that the child should only 

select the word that he/she had heard on the audio tape at the beginning of the session 

("Pick the word that completes each of the sentences in such a way that they will be 

exactly the same as the sentences you heard before on the tape''). In addition. the 

experimenter cautioned children that some of the test choices might "mean the same. be 

similar'· as the words heard on the tape. However. they would have to pick the choice that 

was exactly the same word that completed the sentence on the tape. For example. for the 

sentence. My mother gave me a __ to take to the picnic. the experimenter explained 

to the child ''that although both peach and pear are fruits. the one you heard on the tape 

was peach. So you should only pick peach for this sentence." Several examples. including 

the eight practice items in the test were used to assure that the child properly understood 

the instructions. The actual memory test did not start until the child had shown a clear 

understanding of the instructions and could perform the practice items accordingly. 

5. Delayed Memory Test: One week later. children participated in a second 

individual session for the delayed memory test. Instructions and procedures for the test 

were the same as the ones on the first session. 



Delaved Misinformation Group 

Procedures for the Delayed Misinformation Group were the same as for the 

[mmediate Misinformation Group. except that the misinformation phase occurred at the 

beginning of the second session. a week after studying the material. [n the first session. 

children in the delayed misinformation group were first presented with the study material 

followed by the buffer activity. Lastly. at the end of the first session. children took the 

immediate memory test. One week later. children were presented the misinformation 

material followed by the delayed memory test. 



CHAPTER IV 

RESULTS 

-+8 

In the introduction it was noted that this research was going to be concerned with 

three major issues about memory falsification in children. they were: 

l. A comparison between spontaneous and implanted false memories in 

children: 

Age trends in spontaneous versus implanted false memories: 

3. Effects of specific experimental manipulations on spontaneous versus 

implanted false memories in children. 

Results bearing on these issues will be presented in this chapter. 

Children· s memories were assessed by their performance on both the immediate 

and delayed memory tests. Results from both memory tests were analyzed with repeated 

measures analysis of variance ( ANOV Al procedures. Recall that there were four 

response choices for each item in the memory tests. namely. the target. a related 

distractor (or misinformation-embodying distractor) from the same semantic category as 

the target. and two unrelated distractors. both from another category. Three dependent 

variables were computed with values of one or zero depending on the test choice selected 

by the child. as follows: 

Target (TG): target choice ( l ). or any one of the three other choices (0): 



Related Distractor (RD): related distractor choice ( 1 ). or any other choice ( m. 

Unrelated Distractor CUD): one of the two unrelated distractor choices ( I 1. or any 

other choice (0). 

Because the dependent variables--TG. RD. and l!D-- were computed on the basis 

of the forced choice recognition tests. they were mutually exclusive. For instance. if the 

TG value equals to 1. necessarily the other two variables--RD and UD--were scored zero. 

Reported differences between means were confirmed with Tukey tests. An alpha 

level of .05 was used for all statistical tests. 

Overall Memory Performance 

The results on the immediate recognition test and the previously untested items on 

the delayed memory test were analyzed by computing a mixed-model ANOV A for Age 

(young vs. old) x Time of Misinformation (immediate vs. delayed) x Form of Immediate 

Memory Test (form A vs. form B) x Form of Delayed Memory Test (form C vs. form 0) 

x Time ofTesting (immediate vs. delayed) x Condition (spontaneous vs. misinformation) 

x Presentation (first vs. second). with repeated measures on the last three factors. 

No main effects for form of memory tests were detected in any one of the 

preceding analyses. Thus. the factors for form of immediate memory test and form of 

delayed memory test are ignored hereafter. 

The overall memory performance by response type. age and condition is 

portrayed in Table 1. The general order of acceptance rates in both the spontaneous and 
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misinformation conditions was targets > related distracrors > unrelated distractors. 

However. the spread between acceptance rates for targets and related distracrors was 

larger in the spontaneous condition compared to the misinformation condition. 

Comparatively. the spread between acceptance rates for related distractors and unrelated 

distractors was smaller in the spontaneous condition. 

Table I 

Mean Acceptance Rates for Targets. Related Distractors. and Unrelated Distractors 
(Standard Deviations in Parentheses) as a Function of Age and Condition 

Age/Condition 

~u~ OW 
Response 

Spontaneous Misinform. Spontaneous Misinform. 

Target 4.57 (.14) 2.70 (.14) 4.88 ( .14) 3.32 ( .14) 

Related Distractor .70 ( .08) 2.48 ( .12) . 79 ( .08) 2.25 L I 2) 

Unrelated Distractor .73 (.09) .82 (.08) .33 ( .09) .43 ( .08) 

Some other baseline findings on true memories (i.e .. TG) and response bias (i.e .. 

UD 1 and UD2) indicated that older children's overall hit rate (mean rate for correctly 

selecting the target = 4.I 0. SD = .II) were greater than younger children· s ( M=3.63. SD 

= .I 0). The ANOV A for the target data produced main effects for age. time of testing, 
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condition. and. presentation. all Es ( 1. 95) > 9. 77. all gs < .0 1. Older children also 

produced less response bias responses than younger children did. The Al'iOV A for the 

unrelated distractor data produced main effects for age. time of testing and presentation. 

all Es ( I. 95) > 8.03. all g_s < .0 I. Response bias as measured by the acceptance rate to 

unrelated distractors was overall much higher for younger children !M = .77. SD = .06l 

compared to older ones (M = .38. SD = .06). The TG and UD ANOV As also produced 

interactions that will be examined in conjunction with the RD data. 

The target. related and unrelated distractors ANOV As also produced other. less 

interesting results for the present purposes that will not be expiored in this chapter. They 

are presented in Appendix C through Appendix F. 

Spontaneous Versus Implanted False Memories: Age trends and Specific Effects 

Misinformation Effect 

Reliable misinformation effects were detected with children. The Al\iOV A for the 

related distractor data produced a main effect for condition. F (I. 95) > 229. I 7. p < .00 I. 

The overall mean rate for falsely selecting the related distractor was much higher in the 

misinformation condition (M = 2.37. SD = .09) than in the spontaneous condition (M=.75. 

SD = .06). A classical misinformation effect was observed when this datum is combined 

with the one on hit rates. Target's acceptance rate were much lower in the misinformation 
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condition (M = 3.01, SD = .10) compared to the spontaneous condition (M = 4.72, SD = 

.1 0), F ( 1, 95) > 176.57, p < .00 1. Thus, there was a higher false alarm rate associated 

with hit suppression in the misinformation condition compared to the spontaneous one. 

Because one of the key motivations of this research was to look at developmental 

trends in children's ability to discriminate between items they heard at study from items 

that either were never presented or were misinformed before, the signal detection A' 2
, 

the non parametric analog of .d', was also computed. A' was preferred over .d' to avoid 

normality assumptions. A' scores were calculated for each subject to assess the 

discrimination of hits (true-memory responses) and false alarms from a common baseline, 

acceptance rate to unrelated distractors. With A' scores, .50 represents chance 

performance, and higher scores reflect increased ability to detect either targets or related 

distractors against unrelated distractors. In other words, the A' measure unconfounds 

response bias from memory sensitivity, which is important especially when dealing with 

young children (Pezdek & Roe, 1995). The overall A' values by response type, age and 

condition portrayed in Table 2 generally replicated the ones on Table 1. 

2 The statistic A' , obtained from Snodgrass, Levy-Berger, & Haydon (1985), is A' = .5 + <H- FA) 0 + H- FA) 
4H (1- FA) 

When A' was computed for target discrimination, H was hit rate and FA was acceptance rate to unrelated distractors. 
When A' was computed for related distractors, H was false alarm rate and FA was acceptance rate to unrel. distractors. 
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Table 2 

Mean A' values for Targets and Related Distractors (Standard Deviations in Parentheses) 
as a Function of Age and Condition 

Age/Condition 

Young Old 
Response 

Spontaneous Misinform. Spontaneous Misinform. 

Target 1.51 (.I l l .95 (.09) I. 98 (. II) I.-+0 ( .09) 

Related Distractor .38 ( .05) .85 ( .08) .56 ( .05) 1.15 (.08) 

The A· ANOV A for Age (young vs. old) x Time of Misinformation {immediate 

vs. delayed) x Time of Testing (immediate vs. delayed) x Condition (spontaneous vs. 

misinformation l x Response (target vs. related distractorl. with repeated measures on the 

last three factors. produced main effects for age and response (all Es (I. 95) > 25.67. all 

Q.S < .00 l ). Both main effects were in the obvious direction: regarding age. older 

children's overall memory discrimination (mean A' = 1.2.7) was better than younger 

ones' (mean A'= .92): and regarding response. A' for targets ( 1.46) was much higher 

than for related distractors (.74). Since interest centers on results bearing on age 

differences in memory discriminability. other significant interactions produced by the A' 

ANOV A will not be discussed here. but are presented in the Appendices G and H. 
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An Age x Response interaction was marginally significant (f' (I. 95) = 3.33. 12 = 

.071 ). Older children· s A· values differ from younger children only for targets ( 1.69 

versus 1.23. respectively) and not for distractors (.86 versus .62). Although there was nor 

a significant Age x Condition x Response interaction (f's ( I. 95) = .44. 12 = .51 ). as can be 

seen in Figure I. A' for targets and related distractors are in the expected direction. 
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Figure l. Mean A' values for targets (TG) and related distractors (RD) by condition 
and age level. 
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In the misinformation condition. hit rates (i.e .. A· for targets l went up with age. and there 

is a tendency of false alarms to misinformation-embodying distractors to go down with 

age. In the spontaneous condition. with age there was an increasing tendency in hit rates 

but not in false alarms. 

Time ofTesting 

Overall memory accuracy was better in the immediate memory test compared to 

the delayed test. The ANOV As for the TG. RD and UD data produced a main effect for 

time of testing with all Fs ( l. 95) > 8.03. g < .0 l. Mean hit rates decreased from -+..+0 ( SD 

= .09) on the immediate memory test to 3.33 (SD = .08) on the delayed one. At the same 

time. mean acceptance rate to related and misinformation-embodying distractors 

altogether increased from 1.10 (SD = .06) on the immediate test to 2.01 (SD = .07) on the 

delayed test. Response bias was also responsible. to a smaller extent. for the decrease in 

memory accuracy. Mean acceptance rate to unrelated-distractors changed from .50 < SD = 

.06) on the immediate test to .67 (SO= .06) on the delayed test. 

These results on the effect of time of testing on memory accuracy were qualified 

by a Condition x Time of Testing interaction (all Fs ( l. 95) > 34.23. p < .00 I I only for the 

TG and the RD data. This interaction is plotted in Figure 2. It seems that the effect of 

misinformation was dependent on the level of memory accuracy. The deleterious effect 

of misinformation on memory was more pronounced when memory was less accurate. 

There was a greater misinformation effect (i.e., hit suppression coupled with false alarm 

elevation) in the delayed testing condition compared to the immediate testing condition. 
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with false alarms to misinformation-embodying distractors even surpassing hit rates on 

the delayed test. Further scrutiny of the data reveals that the effect of delayed testing was 

more pronounced in regard to implanted false memories relative to spontaneous false 

memories. The former type of false reports practically doubled from the immediate to the 

delayed test whereas the latter also increased. but less. Other studies le.g .. Belli. et al.. 

1992: Payne et al.. 1994) have also found that the length of the retention interval is an 

important determinant of misinformation effect (for a review. see Reyna. 1995). In 

addition. the present study is one of the very few availabie in the literature (Payne eta!.. 

1994) where the retention interval was varied under the same experimental conditions 

and materials. 
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Figure 2. Mean acceptance rates for targets (TG) and related distractors (RD) as a 
function of time of testing and condition. 
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This pattern of results on the effect of time of testing was confirmed by follow-up 

memory discrimination analyses using A· scores. The ANOV A for the target and related 

distractor A' values revealed a Condition x Time of Testing x Response interaction !.E! I. 

95) > 41.81. 12 < .001 ). Children· s A· values for targets were always larger on the 

immediate test compared to the delayed test. and more so in the spontaneous condition. 

Misinformation seemed to impair children· s ability to discriminate studied items even 

more in the delayed testing condition (A· = 1.65 for spontaneous targets and A· = .89 for 

misinformed targets) than in the immediate test (A· = l.84 for spontaneous targets 

compared to A· = 1.45 for misinformed targets). 

There was an overall increase in false alarm rate to related distractors relative to 

unrelated distractors from the immediate to the delayed test. The effect of time of testing 

on increasing false memory responses was larger for the misinformation condition (A' = 

.80 in the immediate test and A'= l.20 in the delayed test) compared to the spontaneous 

condition (A'= .42 in the immediate test and A'= .53 in the delayed test). 

Time of Misinformation 

Although no main effects for time of misinformation were detected. there were 

significant interactions for Time of Testing x Time of Misinformation for all three 

dependent variables (i.e .. TG. RD and UD), all Es ( l. 95) > 19.92. 12s < .00 l. The target 

and related distractor data also produced Condition x Time of Testing x Time of 

Misinformation (all Fs ( l. 95) > 136.10, ~ < .001) interactions. They revealed that the 

deleterious effect of misinformation on memory was greater in the delayed 
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misinformation and delayed testing condition. The overall mean acceptance rate for 

misinformed targets (cf. Table 3) were much lower in the delayed misinformation and 

delayed testing condition (which was associated with larger false alarm rate to 

misinformation embodying distractors) (cf. Table 4) compared to all other conditions. 

Follow-up A' analyses produced essentially the same pattern of results. 

Table 3 

Hits Rate - Mean Acceptance Rate for Targets (Standard Deviations in Parentheses 1 as a 
Function of Condition. Time of Testing. and Time of Misinformation 

Time of Testing 

Immediate Testing Delayed Testinga 
Time of Misinformation 

Spontaneous Misinform. Spontaneous Misinform. 

Immediate Misinformation 5.30 (.14) 3.10 (.20) 4.22 (.17) 3.13 (.17) 

Delayed Misinformation 4.65 (.13) ~.54 (.19) ~.73 (.17) 1.26 1.16) 

Note. When misinformation was delayed. there is no experimental difference between 
spontaneous and misinformation on the immediate memory test (Row 2 in Columns l 
and 2). 

a Only for previously untested items. 
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Table 4 

False Alarms Rate- Mean Acceptance Rate for Related Distractors (Standard Deviations 
in Parentheses) as a Function of Condition. Time of Testing. and Time of Misinformation 

Time of Testing 

Immediate Testing Delayed Testinga 
Time of Misinformation 

Spontaneous Misinform Spontaneous Misinform 

Immediate Misinformation .42 (.09) 2.51 (.16) 1.06 (.12) 2.08 (.09) 

Delayed Misinformation .76 (.09) .74 (.15) .75 (.12) 4.14 (.17) 

Note. When misinformation was delayed, there is no experimental difference between 
spontaneous and misinformation on the immediate memory test (Row 2 in Columns I 
and 2). 

a Only for previously untested items. 

The above harmful effect on memory of the delayed misinformation and delayed 

testing showed some age variability, even when data were collapsed across the 

spontaneous and misinformation conditions. The ANOV As for the target and related 

distractor data also produced significant interactions for Age x Time of Misinformation x 

Time of Testing (all fs (1, 95) > 5.09, ps < .05). Tables 5 and 6 display these results. 

There is an age difference in the immediate misinformation and immediate testing 

condition for both target and distractors. Since both misinformed and nonmisinformed 
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items are pooled together in this analysis. it seems that misinfonnation has a kind of 

general effect on memory accuracy in this immediate condition. such that children are 

generally less apt to accept targets and more prone to falsely accept related distractors. 

Moreover. a top to bottom inspection of both Tables 5 and 6 suggests that there is a 

developmental trend in this general misinformation effect specifically in the immediate 

test. Younger children seem to be more susceptible to this general effect than older ones. 

Table 5 

Hits Rate- Mean Acceptance Rate for Targets (Standard Deviations in Parentheses) as a 
Function of Age. Time of Testing. and Time of Misinformation 

Time ofTesting 

Immediate Testing Delayed Testinga 
Time of Misinformation 

Young Old Young Old 

Immediate Misinformation 3.70 (.!9) 4.71 (.09) 3.52 (.!7) 3.83 t.I 7) 

Delayed Misinformation 4.50 (.18) 4.69 (.!8) 2.82 ( .!7) 3.17 (.! 7) 

aonly for previously untested items. 
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Table 6 

False Alarms Rate - Mean Acceptance Rate for Related Distractors (Standard Deviations 
in Parentheses! as a Function of A!!e. Time ofTesting. and Time of Misinformation 

Time ofTesting 

Immediate Testing Delayed Testing.~ 
Time of Misinformation 

Young Old Young Old 

Immediate Misinformation 1.74 (.13) 1.19 t.13) 1.52 ( .15) 1.62 ( .15) 

Delayed Misinformation .66 (.12) .83 (.12) 2A4 Li4) 2.++ ( .15) 

aOnly for previously untested items. 

Repeating Testing Effects 

The effects of repeating testing will be explored in next two sub-sections. First. 

results on the within test repeated item presentation will be presented. Then. the effects of 

a prior memory test on memory performance on a later test will be considered in relation 

to the memory inoculation effect. false-memory creation. and finally. to net gains or 

losses in memory accuracy. 
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Within Test Repeated Item Presentation 

The ANOV As for the TG. RD and UD data produced a main effect for repeated 

item presentation. all Es (I. 95'l > 16.77. QS < .001. When items were repeated within the 

same memory test. hit rates increased between the first ! M = 3. 77. SD = .07'! and second 

presentation (M= 3.96. SD = .08) of the same item 1 i.e .. an average increase in hit rates of 

.19). In other words. a learning effect was detected. However. there was also an overall 

increase in false alarms to RD on the second presentation (M = I .66. SD = .06 l compared 

to the first presentation of the same item in the test (M = I .45. SD = .05). an average 

increase in false alarm rate of .21. Since both true and false reports increased by the same 

amount. item repetition within the same test produced neither a net gain nor a loss in 

memory accuracy. 

The within test repeated item presentation effect on targets was qualified by a 

Presentation x Time of Testing interaction <E ( I. 95) = 21 .55. Q < .001 ). A.-; can be seen 

in Figure 3. the learning effect of item repetition on targets was only significant on the 

delayed memory test and not on the immediate test. Although the Presentation x Time of 

Testing interaction for the RD data was only marginally significant. E (I. 95) = 3. 17. Q = 

.078. inspection of Figure 3 reveals an opposite trend for related distractors compared to 

the targets. False alarm rates tended to increase in the immediate test from the first 

presentation to the second presentation of the same item. However. on the delayed test. 

there was practically no difference between false alarm rate for both presentations of the 

same item. 



5 0 1st Presentation 
4.5 • 2nd Presentation 

4 
Q.) 

3.5 (.) 
c:: 
ca 

3 a. 
Q.) 
(.) 2.5 (.) 

<( 
2 c:: 

ca 
Q.) 1.5 :E 

1 
0.5 

0 
TG RD TG RD 
Immediate Test Delayed Test 

Figure 3. Mean acceptance rates for targets (TG) and related distractors (RD) as a 
function of time of testing and within test repeated presentation. 

Mere Memory Testing 
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Does a previous memory test influence the accuracy of children's subsequent 

memory performance? In order to answer that question, performance on TG. RD and UD 

on the delayed memory test comparing previously tested and untested items were 

analyzed by computing mixed-model ANOV As for Age (young vs. old) x Time of 

Misinformation (immediate vs. delayed) x Condition (spontaneous vs. misinformation) x 
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Prior Testing Status (tested vs. untested) x Presentation (first vs. second I. with repeated 

measures on the last four factors. 

True-memorv inoculation. To assess the so-called memory inoculation effect 

( cf. Brainerd & Ornstein. 1991 ). acceptance rate for targets (i.e .. hit rates l on the one

week delayed test were analyzed as a function of prior memory testing status. This 

.-\..i'\l'OV A revealed main effects for all five factors (all Fs ( l. 95) > 1-1-.08. ~ < .00 l l. The 

main effect for prior testing status is the critical result. It shows that there was a true

memory inoculation effect. Consistent with prior research findings (Brainerd & Reyna. 

1996: Brainerd & Mojardin. in press). the overall mean acceptance rate on the delayed 

memory test were higher for previously tested targets (M = 3.79. SD = .08) compared to 

not previously tested targets (M = 3.33. SD = .08). Since all other factors interacted with 

prior testing status. the interactions will be considered rather than main effects. 

When age level was factored with prior testing status. it resulted in a significant 

two-way interaction . .E ( 1. 95) = 4.41. 12 < .05. As can be seen in Figure 4. test-induced 

hit rate elevation (i.e .. true-memory inoculation I increased with age. Older children· s 

memory performance had an average hit rate increase of .64 for previously tested items 

compared to items that have not been previously tested. Younger children did not 

improve significantly in the same conditions (hit rates only increased .26 on average). 

A Condition x Prior Testing interaction C.E ( l. 95) = 4.63. 12 < .05) revealed that a 

true memory inoculation effect occurred in the spontaneous condition and not in the 

misinformation condition. For the spontaneous condition. hit rates increased from M = 
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4A7 (SD = .12) for previously untested items toM= 5.12 !SD = .10) for previously 

tested items (an average gain of .65). In the misinformation condition. there was not a 

significant improvement in hit rates ( M = 2.19. SD = .12 no prior testing to M = 2...+5. SD 

= .14 when items were prior tested). 
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Figure 4. Mean acceptance race for targets (TG) as a function of prior testing status 
and age. 
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Moreover. a Time of Misinformation x Condition x Prior Testing interaction !.E 

! l. 95) = l 0.03. ~ < .0 I) indicated that the lack of a prior testing effect for misinformed 

items was only true for the immediate misinformation condition (Figure 51. 

Misinformation operated in the opposite direction of the testing inoculation effect. The 

former tended to decrease hit rates whereas the later tended to increase them. Hence. the 

misinformation effect washed out the prior testing effect in the immediate condition. Yet. 

there was a true-memory inoculation effect on the delayed misinformation condition. 

only much smaller compared to the spontaneous condition. 
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Figure 5. Mean acceptance rate for targets (TG) as a function of prior testing 
status, time of misinformation and condition. 
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Prior testing status also interacted with the within test repeated item presentation factor 1 .E 

( l. 95) ::::: l5.87.g < .001). It showed that the beneficia! effect of a prior memory test on 

hit rates was greater for the first presentation <M = 3.13. SD = .09 no prior testing versus 

M = 3. 76. SD = .08 prior testing) rather than for the second presentation 1M= 3.54. SO= 

.09 versus M = 3.80. SO= .09. respectively I. 

False-memorv creation. To determine whether false alarms were elevated by 

a prior test. acceptance rate to related distractors on the one-week delayed test were 

analyzed as a function of prior memory testing status. This AJ.\fOV A revealed main 

effects only for time of misinformation and condition (all Fs ( l. 95) > 120.20. ps < .00 l ). 

More importantly for present purposes. prior testing status interacted with some of the 

other factors. 

There was a significant Age x Prior Testing interaction (t ( l. 95) = 6. 79. 12 < .05). 

As can be seen in Figure 6. prior-testing status tended to have ditferential effects 

depending on the age group. A previous memory test tended to reduce the overall false 

alarm rates only for older children relative to younger children who showed no 

differences in their performance in the same conditions. 

The RD data also produced a Time of Misinformation x Condition x Prior Testing 

interaction (f ( l. 95) = 7.77.g < .01). Inspection of Figure 7 reveals that prior testing 

increased false alarm rates to misinformation embodying distractors only on the 

immediate misinformation condition. Hence. both prior testing and misinformation 

operated in the same direction when misinformation was presented a week earlier: they 
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both tended to increase false alarm rates. Children who were in the immediate 

misinformation condition could not tell the difference between the target and the related 

distractor a week later ( cf. Figures 5 & 7). The opposite effect was observed for both the 

spontaneous and delayed misinformation conditions. There was a decrease in false alarm 

rates in both conditions. 
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Figure 6. Mean acceptance rate for related distractors (RD) as a function of prior 
testing status and age. 
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Figure 7. Mean acceptance rate for related distractors ( RD) as a function of prior 
testing status. time of misinformation and condition. 

Gains-losses in accuracy. Depending on the experimental conditions. a prior 

memory test could either increase or decrease accuracy on the delayed test. In addition. 

there was an overall increase in hit rates on the delayed test when items had been 

previously tested. The question therefore becomes, Did a prior test produce net gains or 

net losses in accuracy on the later test? To examine this question A' scores were 
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computed for each subject to assess the discrimination of hits 1 true-memory responses l 

and false alarms from a common baseline. acceptance rate to unrelated distracrors. 

A· scores were then analyzed with a mixed-model AN'OV A for Age (young vs. 

old) x Time of Misinformation (immediate vs. delayed) x Response 1 hits vs. false alarms l 

x Condition (spontaneous vs. misinformation) x Prior Testing status (tested vs. untested). 

with repeated measures on the last three factors. This AJ.\l"OV A produced main effects for 

age. response. condition. and. prior testing status. all.Es ( 1. 95) > 6.10. allgs < .05. Since 

the crucial result here is how prior-testing status interacted with the other factors. 

interactions will be considered rather than main effects. 

There was an Age x Response x Prior Testing significant interaction . .E r I. 95) > 

5.12.g < .05. Mean values of A' for hits and false alarms appear by age level as a 

function of prior testing status in Table 7. All values exceeded .50. Furthermore. the fact 

that all A· values were positive means that. one week after study. children could still 

distinguish both targets and related distractors from unrelated distractors. 

Younger children's memory accuracy did not benefit as much from a previous test 

as older children's did. A prior memory test produced an average increase in hit 

discrimination values of only .22 for the younger group. but at the same time. false alarm 

rates increased by the same amount (i.e ... 21 ). Thus. there were neither gains nor losses in 

the young children's memory accuracy. Turning to the older group. a prior test produced 

an average increase in hit values of .26. and at the same time. false alarm rates increased 

only .18. Hence, there was a net gain in accuracy (true memory inoculation exceeded 

false-memory creation) for older children due to a prior test. [n sum. a prior memory test 
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produced both true memory inoculation and false memory creation for younger children: 

but for the older children. only true memory inoculation and false-memory suppression. 

Table 7 

Mean Values of A' for Hits and False Alarms <Standard Deviations in Parentheses I as a 
Function of Prior Testing Status and Age Level 

Prior testing status 

Age level/ Response No prior test Prior test 

Young 
Hits !.06 (.10) 1.28 ( .08) 
False Alarm .69 (.08) .90 (.06) 

Old 
Hits 1.48 (.10) 1.74 (.09) 
False Alarm 1.04 (.08) .86 ( .60) 

The A' analysis also revealed a Response x Condition x Prior Testing significant 

interaction (f (1. 95) = 46.31, Q < .00 l ). shown in Table 8. A prior memory test produced 

a net gain in memory accuracy in the spontaneous condition: hit rates increased on 

average from 1.65 in the no prior test condition to l. 92 in the prior test condition (a gain 

of .27) and. more importantly, false alarm rates decreased from 1.20 to .44. respectively 

(an average decrease of .77). In contrast, a prior memory test produced a net loss in 

accuracy in the misinformation condition. As can be seen in Table 8, false alarm rates to 
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misinformation-embodying distractors almost triple from the no prior test condition ! A· = 

.53) to the prior test condition (A"= 1.32). whereas the true memory inoculation effect 

was much smaller (hit rates increased on average only .21 ). 

Table 8 

Mean Values of A' for Hits and False Alarms <Standard Deviations in Parentheses! as a 
Function of Prior Testing Status and Condition 

Condition/ Response 

Spontaneous 
Hits 
False Alarm 

Misinformation 
Hits 
False Alarm 

Prior testing status 

No prior test 

1.65 (.11) 

1.20 (.09) 

.89 (.08) 

.53 (.06) 

Memory Persistence 

Prior test 

1.92 (.09) 
.44 ( .05) 

1.10 (.08) 
1.32 (.08) 

Did initial memory responses persist across the one-week forgetting interval? If 

so, were false alarms more persistent than hits? Furthermore. did misinformation affect 

the persistence of memory responses? Was there age variability? To examine all these 



questions. partial correlation analyses were performed between responses to the 

7 ... -' 

immediate memory test and responses to previously tested items in the delayed memory 

test. with responses to previously untested items in the delayed test partial out (see 

Appendix I for results not included in this section). 

Spontaneous Condition 

Table 9 shows the partial correlation coefficients for responses to targets. related 

and unrelated distractors for spontaneous items by age level. Children· s false alarms to 

distractors that were semantically related to targets are quite stable over a one-week 

interval and were sometimes more stable than hits. These results are consistent with 

previous findings for word lists (Brainerd. Reyna, & Brandse. 1995) and sentences from 

narratives (Brainerd & Mojardin, in press). Concerning developmental change. Brainerd. 

Reyna. and Brandse found that hit and false-alarm persistence both increased between the 

ages 5 and 8, and. Brainerd and Mojardin found that persistence was age invariant. 

However, there was a reliable age decrease in the persistence rates for both false alarms 

and hits. Younger children tended to preserve initial false alarms and hits equally well 

and better than older children did. In addition. the latter group tended to preserve initial 

false alarms better than hits. 



Table 9 

Partial Correlation Coefficients for Tvpe of Response to the Spontaneous Items as a 
Function of Age 

A2:e Level 

Tvpe of Response Young Old 

Target . 63 *** .38 ** 

Related Distractor .62 *** .43 ** 

Unrelated Distractor .50*** .54** 

** p<.Ol. *** p < .001. 

7-+ 

Since the observed developmental differences could be explained merely on the 

basis of some potential within-age group variability difference. F tests for homogeneity 

of variance were performed. The null hypothesis that the observed covariance matrices of 

the dependent variables were equal across groups was rejected ( p < .00 1 ) only for the 

target variable. Further scrutiny of the data revealed that the older group within variance 

for the target variable was about half that observed for the younger group. Since within 

variability was larger for the younger group. it could be argued that even if true memory 

stability was equal for both groups. the correlation coefficient was bound to be smaller 

for the older group. just because there was less within group variability (see Anastasi. 

1976. and Nunnally, 1978. for further discussions on this issue). This was especially true 

for the spontaneous condition. 
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When the older children's correlation for the persistence of spomaneous targets 

was recalculated using the young group variance. it resulted in a differenr and much 

higher value ( .67) than the one observed on Table 9 (i.e ... 38). Further analyses 

comparing the predicted variance term (based on the new value of L· .6 7) in the 

correlation equation and the observed variance in the older group revealed that there was 

substantial differences between the predicted and observed variances. It seems that the 

observed age differences in the correlation coefficients might have been due to age 

differences in variance (i.e .. a restricted range effect. not a memory effect l. In sum. the 

observed age differences in the true memory persistence rates l i.e .. responses to targets l 

in the spontaneous condition should be interpreted with caution (see Table 9). There is 

indeed the possibility that older children could have maintained true memories about 

targets over a one-week interval either as well or even better than younger ones. 

Misinformation Condition 

Turning now to misinformation items. it can be seen in Table l 0 that the memory 

persistence effect for targets and misinformation embodying distractors was confined to 

the immediate misinformation condition. These results are consonant with the fact that 

the presentation of the delayed misinformation affected initial hits in such a way that they 

were mostly replaced by false alarms to misinformation embodying distractors in the 

delayed test. Nevertheless. when misinformation was presented immediately after study. 

both hits and false alarms to misinformation embodying distractors endured one week 

later. 
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Table 10 

Panial Correlation Coefficients for Responses to Misinformed Itemo; as a Function of A!:!e 
and Time of Misinformation 

Type of Response/ Time of Misinformation 

Target 

Related Distractor 

Immediate Misinformation 

Delayed Misinformation 

Immediate Misinformation 

Delayed Misinformation 

Unrelated Distractor 
Immediate Misinformation 

Delayed Misinformation 

** p < .01. *** p < .001. 

Age Level 

Young Old 

.82 *** .84 *** 

.13 

.80 *** .77 *** 

-.23 .18 

.72 *** .56** 

.61 ** .09 

Are suggested false memories more persistent than spontaneous false memories? 

Inspection of the partial correlations for related distractors in the spontaneous condition 

<Table 9) and for immediate misinformation condition <Table 10) reveals that implanted 

false memories seemed to be preserved across a one-week forgetting interval berter than 

spontaneous false memories. and that the effect was greater for older children. 



CHAPTER V 

DISCUSSION 

I/ 

Contrary to the claim that misinformation effects are quite rare (Howe. 1991 l. this 

study found that children's memories were susceptible to the effects of misinformation 

even under careful instructions to respond only to true events. Hit rate suppression and 

false alarm rate elevation to misinformation-embodying distractors can happen even 

when children are tested immediately after studying the material. These results replicate 

and extend previous work done with similar age and younger children (e.g .. Ceci. Ross. 

& Toglia. 1987) and with different macerials (e.g .. Pezdek & Roe. 1995). 

A key purpose of this research was to look at developmental trends in both 

spontaneous and implanted false memories because there were inconsistent prior findings 

and the comparison of the two has not been studied under similar experimental 

conditions. A major finding was that although there were age differences in true 

memories. with higher hit rates for older children compared to younger ones. there were 

no age differences in children's false memories. Older children's false report rate based 

either on spontaneous false memories or based on implanted false memories was very 

similar to those of younger children. 

Some researchers (e.g .. Loftus. & Davis. 1984: Loftus. Schooler. & Wagemaar. 

1985) have proposed that whenever post-event suggestion is presented it can not only 
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create false memories for the misinformation. but also it impairs memory for the original 

target information. In line with this prediction. when misinformation was presented 

immediately after study and memory was tested in the same session. misinformation 

produced a general effect on younger children· s memory accuracy. such that the 

acceptance rate for both misinformed and nonmisinformed targets decreased and the false 

alarm rate increased (cf. Table 5 and 6). 

The comparison between spontaneous and implanted false memories under 

specific experimental manipulations also produced interesting findings that led to five 

general conclusions: (I l Children·s memories are more accurate when tested immediately 

following study compared to one week later: (2) misinformation effects are greater with 

delayed misinformation and testing: (3) within-test repeated questioning produces neither 

gains or losses in memory accuracy: ( 4) a prior test produces a gain in memory accuracy 

on a week-later test only for older children: (5) implanted false memories are preserved 

across a one-week forgetting interval better than spontaneous false memories. and this 

effect increases with age. 

Explaining the Findings in Theoretical Grounds 

Unitarv-Memorv Theories 

The challenge now is to formulate a theoretical account of these findings that can 

accommodate the similarities and distinctions between spontaneous and implanted false 

memories and observed age variability, without further ad hoc assumptions. 
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There is an older tradition in the area of memory falsification that attempts to 

account for spontaneous false recognition data with a one-memory code assumption. This 

tradition includes such theoretical accounts as constructivism and Underwood"s implicit 

associative response ({AR). 

According to constructivism. when an item is presented for study !e.g .. DRESSt 

the meaning is extracted (e.g .. a clothing item) and the surface form is lost. All that is 

retained are semantic memories generated at encoding that are not differenciated with 

respect to surface form. These semantic representations can produce both false alarms to 

semantically related distractors (e.g .. SHIRT) and hits for targets (e.g .. DRESS). 

IAR is theoretically similar to constructivism. in the sense that representations 

that go beyond the original material are encoded during target presentation. IAR predicts 

thar two classes of representational responses are encoded. namely. representational 

responses of the items that were actually presented (e.g .. DRESS) and representational 

responses generated by association to the experienced items 1 e.g .. SHIRT). So. when a 

semantically related distractor (e.g .. SHIRT) is presented as a test probe. one might 

retrieve the encoded traces of words generated during study in association with the 

original items (e.g .. DRESS). and falsely accept the related distractor probe as a 

presented item. Both IAR and constructivism would predict strong associations between 

hits and false alarms. In addition. they would predict that false alarm rates should 

increase as a function of manipulations that encourage those parallel-encoding processes 

(like semantic inferences or associative responses). In accordance with this prediction. it 

was found in the present study that when items were repeated within the same test. it had 
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a similar effect on true and false responses: it increased both. This latter result might 

support the notion that indeed children were responding to studied targets and 

semantically related probes on the basis of a unitary memory code. However. some 

specific experimental manipulations produced clear dissociations land not associations l 

between memories for targets and related distractor probes. For instance. when time of 

testing was varied. delaying a memory test produced a decrease in hit rates for targets. 

but an increase in false alarms to distractor probes. Furthermore. a prior test produced an 

increase in true memory responses (i.e .. true memory inoculation). and. at the same time. 

specifically for older children. produced a decrease in false alarms to distractors that were 

semanticaJiy related to those same targets. The one-memory-code predictions are hard to 

reconcile with the results from this and other studies that produced clear dissociations in 

the data In fact. those predictions have already been systematically disproved in several 

previous studies (e.g .. Brainerd & Reyna. 1993: Brainerd & Reyna. in press-b: Brainerd. 

Reyna. & Kneer. 1995: Reyna & Brainerd. 1995b: Reyna & Kiernan. 1994). 

Multiple-Memorv Theories 

Multiple-memory theories can explain those apparently conflicting results by 

assuming that distinct types of representations of items are stored at study and that they 

are differentially accessed by targets and distractor probes at test. Fuzzy-trace theory 

makes specific predictions about the memorial bases for both true and false reports. The 

former are generally based on the retrieval of verbatim traces (i.e .. representations of the 

exact surface form) and/or gist traces (i.e .. representations of the meaning that are not 
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anchored in their corresponding surface form) about the studied target. In the case of the 

forced-choice recognition procedure. when DRESS is presented as one of the test 

choices. children can correctly select it because they retrieve the verbatim representation 

of the target (i.e .. DRESS). In other words. the comparison between the retrieved 

verbatim representation of the studied target and the verbatim representation of the target 

probe can only support the acceptance of the target and never the acceptance of 

distractors. regardless of whether distractors share salient meaning with targets (Brainerd 

& Reyna. in press-a). 

Verbatim memories are especially susceptible to interference (more than gist l and 

tend to become inaccessible more rapidly than gist (e.g .. Brainerd. Howe. & Reyna. in 

press: Reyna. 1995). With age. verbatim susceptibility to interference decreases and its 

durability increases. Two predictions fall out of these assumptions: (a) True reports 

should predominate over false reports on an immediate memory test: ( b l true reports 

should increase with age. That was what was found. Concerning ( al. overall hit rates 

were larger in the immediate test compared to the delayed test. In respect to ( b l. 13- and 

14-year-old subjects· target rate was greater than those of 7- and 8-year-old children. 

Verbatim effects also produced a similar developmental pattern with respect to the 

repeated testing manipulation. A prior test should only inoculate true memories (i.e .. 

verbatim memories of targets) as far as they are still available. Consonant with this 

prediction, it was found that only older children could benefit from a prior test in terms of 

memory accuracy (Reyna & Titcomb, 1997): true memory inoculation was greater for 

older children, compared to younger children. coupled with a false alarm suppression. 



Fuzzy-trace theory also assumes that a target may be selected in a forced-choice 

test because the gist or semantic representation of the target is retrie\'ed t e.g .. I remember 

I heard some kind of clothing item). Although verbatim memories lead only to correct 

selection of the target. targets· gist memories may be also falsely ascribed to non

experienced items. leading to the selection of a semantically related distracror te.g .. 

SHIRT). In the latter situation. meaning is the basis of responding. Thus. a comparison 

between the gist of the target and the gist of the related distractor leads to the false 

selection of the latter. since there is a clear semantic overlap between the two I e.g .. both 

target and distractor are clothing items). Gist should predominate as a basis for 

spontaneous false memories (Reyna & Lloyd. 1997). Manipulations that favor responses 

based on gist. as opposed to verbatim. memory tend to increase false alarm rates. Recall 

that gist representations are more stable over time than verbatim representations. 

Therefore. responses on a delayed test should be mostly based on gist. Results from this 

research indicated that there was in fact an increased tendency of spontaneous false 

recognition in the delayed memory test compared to the immediate test. 

According to fuzzy-trace theory. misinformation designs are more complex than 

spontaneous false-recognition designs when it comes to sources of memory-based false 

reports. Misinformation experiments provide clear memorial bases for both false alarms 

to distractors (based on the retrieval of verbatim traces of misinformation. retrieval of gist 

traces of misinformation. retrieval of gist traces of targets) and for incorrect rejections of 

targets (based on the retrieval of verbatim traces of misinformation). From this point of 

view. misinformation effects should be greater whenever both verbatim and gist traces of 



misinformation predominate over verbatim traces of the original information. for 

instance. when testing occurs immediately after misinformation is presented. In addition. 

when misinformation is presented after some time interval has caused substantial 

forgetting of the original information. there is the possibility that implanted false memory 

responses surpass true memory responses. That result was obtained in this study when 

testing occurred after the presentation of misinformation after a one week forgetting 

interval (i.e .. in the delayed misinformation and delayed resting condition!: hit rates for 

misinformed targets were Jess than a third of false alarm rates to misinformation 

embodying distractors. 

Results on the persistence of false memories also suppon the notion that 

misinformation is a mixed memory effect. possibly involving both verbatim and gist 

memories of the misinformation. Implanted false memories were more stable over a one

week forgetting interval than spontaneous false memories. Moreover. this effect was 

greater for older children. 

Developmental Issues 

In this research. principal interest attaches to results that bear on age trends in 

memory falsification. Some studies have found developmental differences in memory 

falsification in children. Most of them have found that both spontaneous and implanted 

false memory responses decrease with age (see Reyna & Kiernan. 1994 for an example of 

the former, and Cassel & Bjorklund. 1995 for an example of the later). Nonetheless. the 



present study found that although there was an age increase in hit rates. there were no 

overall age differences in either spontaneous or implanted false memory responses for 

children between the ages 7-8 and 13-14 years old. 

A possible argument for the lack of developmental effect in memory falsification 

is an interaction between age and testing procedure (i.e .. forced-choice recognition 

procedure). Empirically we know that. on the spontaneous side. all prior studies that 

produced age increases in hit rates and age decreases in false alarm to related distractors 

were ves-no reco!!nition desi!!ns. If those studies are taken as baseline results. what . ~ .... 

should be the effect to switching to forced-choice procedure? If the theoretical 

interpretations of those yes-no recognition results are correct. can we predict the results 

obtained in this study with forced-choice recognition? 

The argument is that in yes-no recognition. targets predominantly cue verbatim 

memory and distractors predominantly cue gist memory. The argument further is that 

verbatim and gist memories converge in targets to produce hits but they diverge with 

respect to distractors (i.e .. gist retrieval favors a false alarm but verbatim retrieval favors 

a correct rejection). For instance. if the verbatim representation of the target PEACH is 

retrieved when the distractor probe PEAR is presented. it leads to the correct rejection of 

the distractor. But. if only some gist representation is retrieved (e.g .. I remember there 

was the name of some kind of fruit). it can lead to the false recognition of the distractor. 

The developmental decrease in the spontaneous semantic false recognition effect in yes-

no recognition has been largely explained on the following ground: (a) gist memories 

predominate in those studies for which there is not much age variability (e.g .• according 



to Bjorklund et al.. 1983. both young and older children know that PEACH and PEAR 

are fruits): (b) but there is fairly substantial age variability in verbatim memory. With 

development. there is an increased ability to maintain those verbatim representations. 

There are certain kinds of experimental manipulations that support the 1 a l and 1 b) 

explanations. For instance. the age decrement in the semantic false recognition effect in 

those studies is largely due to an increased ability to retrieve the verbatim trace of the 

target given a related distractor as a retrieval cue (e.g .. Brainerd. Reyna & Kneer. l995'L 

Turning now to forced-choice recognition. what would the different theoretical 

accounts of memory falsification predict'? First. consider the unitary memory approach. 

IAR. for instance. would predict that a forced-choice procedure should lead to false alarm 

elevation for related distractors on a delayed test when these items were tested earlier. In 

other words. forced-choice procedure do not leave to chance whether or not the person 

generates the associate distractor. the distractor is presented. People are cued to retrieve 

the related distractor. hence elevating the false alarm rate. In sum. IAR would predict that 

with forced-choice recognition. as in Cramer" s ( 1972) forced retrieval procedure. people 

are bound to noticed the semantic similarity between target and related distractors. 

forcing an associative response to that related item and consequent increase in false alarm 

rates as a function of prior testing. Moreover. according to constructivism. the tendency 

to establish semantic relations should increase with age ( Prawat & Cancelli. 197 6). 

However. in stark contrast to the unitary memory predictions. this research found that a 

prior test tends to suppress false alarms. especially for older children. 



Since neither constructivism nor IAR can account for the obtained results. let us 

turn to multiple-memory theories. Fuzzy-trace theory suggests some explanations for the 

lack of developmental trends in memory falsification on the basis of a forced-choice 

recognition procedure. The age trends in true reports (i.e .. hits to targets l would not 

disappear because. as seen before. they are a combination of verbatim and gist memories. 

although mostly verbatim based. So. in the forced-choice paradigm. age variability in 

verbatim memory is going to be present and is going to affect children·s ability to accept 

the targets. leading to a developmental increase in true memory responses. This 

developmental trend was found. On the other hand. the age differences in spontaneous 

false memories responses t i.e .. the tendency to falsely recognize a related distractorl 

should be reduced in a forced-choice recognition. because this procedure compensates for 

younger children· s disadvantage in verbatim memory. with the target present. In other 

words. younger children· s poor ability to access target verbatim traces and correctly 

reject the distractor is compensated for by the presentation of the target as one of the test 

choices (Reyna. 1996: Reyna & Titcomb. 1997). Comparatively. in a yes-no recognition 

procedure. when a related distractor is presented by itself as a test probe. that is going to 

exacerbate the normal weakness of younger children· s verbatim memory (i.e .. their 

ability to gain access to the verbatim memory of the target. given a semantically related 

distractor). In sum. in a forced-choice paradigm. the fact that the target cue is also 

present. tends to reduce age variability in spontaneous false recognition. 

Turning to developmental trends in implanted false memories. empirically prior 

misinformation studies (e.g., Ceci et al., 1987. Experiment 1) have already shown that 



when forced-choice is used. it produces no age differences in misinformation effects in 

the elementary school ages. In line with those previous results. this research found that 

although a reliable misinformation effect could be produced with elementary school 

children. the effect yielded no age variability. Furthermore. addressing some previous 

criticisms (e.g .. McCloskey & Zaragoza. 1985) that misinformation effects might ret1ect 

some inherent bias in the procedures traditionally used to asses them. the present study 

included both a semantically related and unrelated distractors as test choices. as well as. 

the target. Results were similar to those of prior research using a modified forced-choice 

recognition procedure with children (e.g .. Ceci et al.. I 987. Experiment 3 and -+ ): the 

misinformation effect was smaller and developmental trends were harder to detect. 

The aforementioned results regarding implanted false memories in children could 

be explained on similar theoretical grounds as the results on spontaneous false memories. 

In the misinformation condition. the forced-choice procedure provides the verbatim cues 

either to the target (leading to a true response) orto the misinformation-embodying 

distractor (leading to a false response). Implanted false memories are preserved across a 

one-week forgetting interval better than spontaneous false memories. and this effect 

increases with age. 

As seen before in the spontaneous condition. young children· s poor ability to 

access verbatim traces of targets or misinformation is compensated by the presentation of 

both. as test choices. Consequently. younger children· s resulting performance is very 

similar to that of older children. yielding no age differences. 



Limitation 

There is a limitation of this research with respect to the question of developmental 

changes in false memories. which is theoretical in nature. 

A frequent criticism of false-memory research is that insufficient attention has 

been paid to the processes that are responsible for memory falsification. The present 

research explored some possible theoretical explanations of memory falsification. Fuzzy

trace theory seems to provide answers to a number of questions about children's 

spontaneous false memories. and explains why prior studies have produced contlicting 

data on certain questions. Nevertheless. the theory has ro be submitted co a more formal 

test. specifically in relation to the nature of the memory representations underlying 

spontaneous and implanted false memories. Mathematical models have been used to 

implement such tests (e.g .. Brainerd. Reyna. & Mojardin. 1997). They address the 

criticism that the general procedure of using observed levels of performance on different 

tasks to estimate the corresponding memory processes does not actually tell us anything 

about the respective levels of those processes 1 see Howe. Rabinowitz. & Grant. 1993. and 

Jacoby, 199 I. for discussions on this issue). 

Recent developments in mathematical modeling have generated informative 

findings on spontaneous false memories in children (Brainerd. Stein. & Reyna. 1998). 

Although some progress has been made in using mathematical modeling to study 

children's spontaneous memory falsification, until now. there has been no comparable on 

implanted false memories. The new paradigm introduced in this research opens the 



possibility of such mathematical testing. since it provides information on children· s 

responses to experienced events and non-experienced events under controlled 

experimental manipulations. 
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APPENDIX A: STIJDY LIST 

The boy hurt his leg when he tell off the monkey bars. 
There were magazines everywhere on the floor. 
There was a diamond display at the city museum . 
I could see a robin on the tree. 
My father likes to watch football on TV. 
The doll was inside the closet. 
John was new at school. 
My neighbor saw some nice boots at the store. 
Jane bought some salt at the supermarket. 
Jonathan had some milk before going to bed. 
There was a restaurant next to the hotel. 
The drawer was full of iron pieces. 
There was a fly in the kitchen. 
The old lady walked with her dalmatian co the park. 
Larry sold his car yesterday. 
The city limits are behind those mountains. 
The president was organizing a campaign against drugs. 
They were fixing the window in front of the store. 
My uncle lives in a small town. 
The general was going under the bridge. 
My mother gave me a peach to take to the picnic. 
I was wearing a red jacket. 
Nicolas prefers New York to other places. 
I found a spoon in the trash can. 
Carrots are good for your health. 
The girl gave a rose to her teacher. 
The guy was holding a hammer. 
We had ice cream at the party. 
The test was too long to be finished in one day. 
Mr. Morris brought a large trout in a basket. 
I called the doctor for some help. 
I got a new stove when I moved. 
Mrs. Smith bought a cheap dress. 
We have eggs every Sunday morning. 
The couch was placed against the wall. 
House prices are going up everyday. 
The priest was very friendly. 
There was a dollar under the bed. 
Gena was taking piano lessons. 
I invited Mary to go to the movies. 
Scientists are studying what causes cancer. 
There was a horse behind the fence. 
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APPENDIX B: DELAYED MEMORY TEST 

Type: S - spontaneous M - misinformation F - filler 8- buffer 

Response choices: A - Target 

Type 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

8 - Related or Misinformation-embodying Distractor 
C - Unrelated Distractor l 
D - Unrelated Distractor 2 

Incomplete Sentence Response Choices 

was new at school. John A Bob B orchestra 
c 

was new at school. John A French D Japanese 
c 

I called the for some help. office D agency C lawyer B 

I called the for some help. doctor A lawyer B garage C 

Jane bought some at the candy D salt A gum C 
supennarket. 
Jane bought some at the garlic B beer C salt A 

supennarket. 
Larry sold his yesterday. car A rifle C truck B 

Larry sold his yesterday. car A computer truck B 
c 

Mrs. Smith bought a cheap television shirt B dress A 
c 

Mrs. Smith bought a cheap dress A shirt B clock C 

My lives in a small town. uncle A cousin B teacher C 

My lives in a small town. boss C uncle A coach D 

My father likes to watch on football A musicals movies C 
TV. D 

My father likes to watch on football A baseball ~ommercials 

TV. B p 

My neighbor saw some nice posters D shoes B boots A 
at the store. 
My neighbor saw some nice candles C boots A shoes B 

at the store. 
The was very friendly. magician minister clown C 

D B 
The was very friendly. minister B group C priest A 

The city limits are behind those __ . mountains hills B woods C 
A 
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drama D 

Bob B 

doctor A 

mechanic 
D 
garlic B 

wineD 

gun D 

stereo D 

video D 

watch D 

classmat 
eD 
cousin B 

baseball 
B 

shows C 

paintings 
c 
napkins 
D 

priest A 

class D 

trees D 
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Type Incomplete Sentence Response Choices 

s The city limits are behind those signs C hills B gates D mountains 
A 

s The girl gave a to her teacher. rose A card C daisy 8 letter D 

s The girl gave a to her teacher. bracelet D rose A daisy B necklace 
c 

s We have every Sunday eggs A cereal 8 visitors D guests C 
morning. 

s We have every Sunday eggs A prayers D church C cereal B 
morning. 

M prices are going up everyday. house A aparnnent food C grocery 
B D 

M prices are going up everyday. apanment electricity gas C house A 
B D 

M I found a in the trash can. tire C fork B spoon A wheel D 

M I found a in the trash can. snake c spoon A fork 8 lizard D 

M I got a new when i moved. stove A position job C refrigerate 
D rB 

M I got a new when i moved. stove A mirror C refrigerator bathtub 
8 D 

M I was wearing a jacket. silk C green B wool D red A 

M I was wearing a jacket. heavy C green B winter D red A 

M Jonathan had some before milk A ideas D worries C water B 
going to bed. 

M Jonathan had some before water B milk A medicine vitamins 
going to bed. D c 

M My mother gave me a __ to take to pear B towel C peach A bianket 
the picnic. D 

M My mother gave me a __ to take to cooler D soda c pear B peach A 

the picnic. 
M Nicolas prefers to other places. New York Chicago parks C libraries 

A B D 
M Nicolas prefers to other places. New York Chicago bookstores mails D 

A 8 c 
M The was inside the closet. box D ball 8 doll A bag C 

M The was inside the closet. suitcase C backpack ball 8 doll A 
D 

M The was placed against the board C chair 8 couch A picture 
wall. D 

M The was placed against the couch A ladder D pole C chair 8 
wall. 

M The was too long to be homework trip D test A hike C 
finished in one day. 8 
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Type Incomplete Sentence Response Choices 

M The was too long to be fmished in repair D homework test A cleaning 
one day. 8 c 

M The guy was holding a screwdriver racket C bat D hammer 
8 A 

M The guy was holding a screwdriver hammer pen D notebook 
8 A c 

M There was a in the kitchen. bee 8 broom c fly A sponge 
D 

M There was a in the kitchen. fly A bee 8 telephone radio D 
c 

F are good for your health. peas 8 carrots A naps C vacations 
D 

F Mr. Morris brought a large in cup D salmon 8 bottle C trout A 
a basket. 

F The was going under the general A duck D turtle C sergeant 
bridge. B 

F The 
.. president mayor 8 community district was orgamzmg a 

campaign against drugs. A c D 

F The drawer was full of pieces. Lego C iron A puzzle D copper 
B 

F The old lady walked with her to dalmatian poodle 8 umbrella cane D 
the park. A c 

F There was a under the bed. brush D comb c dime B dollar A 

F There was a restaurant next to the hotel A motel 8 bank c station 
D 

F They were fixing the __ in front of sidewalk door B street D window 
the store. c A 

F We had at the party. ice cream cake B dancing fun C 
A D 

B The boy hurt his when he fe11 feelings C head 8 leg A pride D 
off the monkey bars. 

B Gena was taking lessons. cooking D piano A baking C guitar 8 

B I could see a on the tree. balloon D kite C robin A cardinal 
B 

B I invited to go to the movies. DaddyC Kathy B Mary A Mommy 
D 

B Scientists are studying what causes cancer A measles hurricanes tomadoe 
8 c sO 

B There was a behind the fence. pig B pond D horse A pool C 

B There was a display at the city ruby 8 shark C dinosaur diamond 
museum. D A 

B There were everywhere on the magazines marbles books 8 beads D 
floor. A c 



APPENDIX C: TG DATA- ANOV A RESULTS 

Significant results at alpha level of .5 for Target responses to items in the immediate 

recognition test and to the not previously tested items on the delay memory test. 

Target Data- Tests ofWithin-Subjects Effects 

Source Type III df Mean F 
Sum of Square 
Squares 

Time ofTest 223.779 1.23.779 124.329 

Time ofTest x Time ofMisinf. 57.173 57.173 31.765 

Time ofTest x Time ofMisinf. x Age 9.155 9.155 5.087 

Error( time of test) 170.989 95 1.800 

Condition 581.736 581.736 176.569 

Error( condition) 312.993 95 3.295 

Presentation 6.725 6.725 16.772 

Error( presentation) 38.092 95 .401 

Time ofTest x Condition 62.175 62.175 34.231 

Time ofTest x Cond. X Time ofMisinf. 247.200 247.200 136.096 

Error (Time ofTestx Condition) 172.554 95 1.816 

Time ofTest x Presentation 9.881 9.881 21.552 

Error (Time ofTest x Presentation) -l3.556 95 .458 

Time of Test x Condition x Presentation x 1.837 1.837 ·U67 

Time of Misinformation 

Time of Test x COndition x Presen. x Time 3.!38 3.138 7.459 

of Misinf. x Age 

Error (Time of Test x Condit. x Pres.) 39.973 95 .421 

Target Data- Tests ofBetween-Subjects Effects 

Source Type III Sum of Squares df Mean Square F Sig. 

Age 

Error 

43.024 

4 I 8.404 95 

43.024 

4.404 

9.769 .002 

Sig. 

.000 

.000 

.026 

.000 

.000 

.000 

.000 

.000 

.039 

.008 
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APPENDIX D: RD DATA- ANOVA RESULTS 

Significant results at alpha level of .05 for related distractor responses to items in the 
.immediate! recognition test and to the not previously tested items on the delay memory 
test. 

Related Distractor Data- Tests of Within-Subjects Effects 

Source Type III df Mean F Sig. 
Sum of Square 
Squares 

Time of Test 160.880 160.880 105.047 .000 

Time ofTest x Time ofMisinf. 124.225 124.225 8l.II4 .000 

Time of Test x Time ofMisinf. X Age &.415 8.415 5.495 .021 

Error (Time of Test) 145.492 95 1.531 

Condition 519.730 519.730 ~29.171 .000 

Error (Condition) 215.447 95 2.268 

Present. 8.160 8.160 18.815 .000 

Error (Present.) 4l.l99 95 .434 

Time ofT est x Condition 67.450 67.450 41.665 .000 

Time of Test x Condition x Time of 248.292 248.292 153.372 .000 

Misinf. 
Time ofT est x Condition x Age 1.451£-02 1.451E-02 .009 .925 

Error (Time of Test x Condition) 153.794 95 1.619 

Condition x Present. x Time of Misinf. 2.501 2.501 5.562 .020 

x Age 
Error (Condition x Present.) 42.708 95 .450 

Time of Test x Condition x Present. x 1.540 1.540 4.050 .047 

Time of Misinf. x Age 
Error (Time of Test x Condition x 36.116 95 .380 

Present.) 

OBS: The RD produced no significant b~tween-subjects effects. 

95 
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APPENDIX E: MEAN ACCEPTANCE RATES FOR TARGETS 

AS A FUNCTION OF AGE, TIME OF MISINFORMATION. TIME OF TESTING. 

CONDITION AND PRESENTATION 

Condition I Time of Testing 

Age level I Spontaneous Misinformation 

Time of Misinformation Immed. Test Delayed Test lmmed. Test Delayed Test 

Young 

Old 

Immediate 
Misinf. 

Delayed Misinf. 

Immediate 
Misinf. 

Delayed Misinf. 

151 Pres/2nd Pres 151 Pres/ 2nd Pres l 51 Pres/ 2nd Pres 151 Pres/ 2nd Pres 

5.1214.83 

4.50 I 4.46 

5.67 I 5.58 

4.76 I 4.88 

3.75 I 4.62 

4.58 I 4.65 

4.00 I 4.50 

4.60 I 5.08 

2.29 I 2.54 

4.69 I 4.35 

3.83 I 3.75 

4.48/4.64 

2.71! 3.00 

.81 I 1.23 

3.21 I 3.62 

1.40 I 1.60 
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APPENDIX F: MEAN ACCEPTANCE RATES FOR RELATED DISTRACTORS AS 

A FUNCTION OF AGE. TIME OF MISThi'FORMA TION. Til'vfE OF TESTING. 

CONDITION AND PRESENTATION 

Condition I Time of Testing 

Age level I Spontaneous Misinformation 

Time of Misinformation Immed. Test Delayed Test Immed. Test Delayed Test 

Young 
Immediate Misinf. 

Delayed Misinf. 

Old 
Immediate Misinf. 

Delayed Misinf. 

1st Pres/ 2nd Pres I st Pres/ 2nd Pres 1st Pres/ 2nd Pres 1 '' Pres/ 2nd Pres 

.46 I .62 

.46 I .88 

.21 I .37 

.68 I 1.00 

1.491 .83 

.46 I .88 

.96 I 1.46 

.80 I .84 

2.83 I 3.04 

.50 I .81 

1.9612.21 

.60 I 1.04 

2.08 I 3.04 

4.3 1 I 4. 11 

2.04 I 2.04 

3.92 I 4.20 



APPENDIX G: TG AND RD DATA- A. AN OVA RESULTS 

Significant results at alpha level of .05 for A· values for Target and Related Distractor 
responses for items in the immediate recognition test and to the not previously tested 
items on the delay memory test as a function of condition. time of misinformation and 
time of testing. 

Tests of Within-Subjects Effects 

Source 

Condition x Time of Misinf. 

Error (Condition) 

Time of Test x Time of Misinf. 

Error (Time of Test) 

Response 

Response x Age 

Response x Time of Misinf. 

Error (Response) 

Condition x Response 

Error (condition x Response) 

Time ofT est x Response 

Time of Test x Response x Age 

Time of Test x Response x Time of 
Misinf. 

Error (Time ofT est x Response) 

Condition x Time ofT est x Response 

Condition x Time ofT est x Response x 
Time of Misinf. 

Error (condition x Time of Test x 
Response) 

Type III Sum df 
of Squares 

4.796 

74.573 

2.978 

75.549 

102.637 

2.490 

8.804E-02 

71.033 

59.183 

58.777 

19.698 

1.312 

4.674 

40.644 

5.348 

22.715 

48.868 

95 

95 

95 

95 

95 

95 

Mean 
Square 

4.796 

.785 

2.978 

.795 

102.637 

2A90 

F Sig. 

6.110 .015 

3.745 .056 

137.3 .000 

3.330 .071 

8.804E-02 .1 18 

.748 

.732 

59.183 

.619 

19.698 

1.312 

4.674 

.428 

5.348 

22.715 

.514 

95.65 .000 

46.04 .000 

3.066 .083 

10.92 .001 

10.39 .002 

44.16 .000 

Tests of Between-Subjects Effects 

Source 

Age x Time of Misinf. 

Error 

Type III Sum of Squares Of Mean Square F Sig 

3.160E-06 

90.232 95 

3.160E-06 

.950 

.000 .999 
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APPENDIX H: MEAN~' VALUES FOR TARGETS AND RELATED 

DISTRACTORS (STANDARD DEVIATIONS IN PARENTHESES) AS A FUNCTION 

OF TIME OF MISINFORMATION, TIME OF TESTING. CONDITION 

Condition I Time ofTesting 

Type of Response I Spontaneous Misinformation 

Time of Misinformation Immed. Test Delayed Test lmmed. Test Delayed Test 

Target 
1.87 (.14) 1.47 (.16) 1.47 (.14) 1.18(.11) 

Immediate Misinf. 

Delayed Misinf. 1.80 (.13) 1.82 (.16) 1.44 (.14) .60(.11) 

Related Distractor 
.32 (.07) .58 (.08) 1.22 (.09) .91 (.13) 

Immediate Misinf. 

Delayed Misinf. .52 (.07) A-8 (.08) .38 (.09) 1.49(.13) 



APPENDIX I: MEMORY PERSISTENCE ANALYSES 

PARTIAL CORRELATION COEFFICIENTS FOR TYPE OF RESPONSE 

AS A FUNCTION OF CONDITION. TIME OF MISINFORMATION 

AND PRESENTATION 

Condition 

Type ofResponse Spontaneous Misinformation 
Immediate Delay 

Target .492 ••• .797 ••• .174 I st Presentation 

2"d Presentation 
.538 ••• .839 ••• .186 

Mean .515··· .318••• .180 

Related Distractor 

1st Presentation .282 •• .809 ••• -.016 

2"d Presentation 
.546 ••• .751 ••• -.099 

Mean .414** .780••• -.057 

Unrelated Distractor 

1st Presentation 
.462 ••• .638 ••• .342 * 

2"d Presentation 
.559 ••• .614 *** .254 

Mean .51 o··· .626··· .298 

••• p < .001 •• p < .01 • p < 05 
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APPENDIX J: HUMAN SUBJECTS FORM 

THE UNIVERSITY Of 

ARIZONA. 1622 E. Mabel Sl 
P.O. !:lox H5137 
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1-iEALTii SCIENCES CENTIR 

::....:J.:--
Tucson , Arizona 857H-5137 
(520) 626-6721 

4 June 1997 

Lilian M. Stein, M.A. 
c/o Charles J. Brainerd, Ph.D. 
Department of Educational Psychology 
Education Building 
PO BOX 210069 

RE: DEVELOPMENTAL STUDIES OF MEMORY 

Dear Ms. Stein: 

We have received documents concerning your above referenced 
project. Regulations published by the U.S. Department of Health and 
Human Services [45 CFR Part 46.101 (b) (2)] exempt this type of 
research from review by our Committee. 

Please be advised that clearance from academic and/or other 
official authorities for site(s) where proposed research is to be 
conducted must be obtained prior to performance of this study. 
Evidence of this must be submitted to the Human Subjects Committee. 

Thank you for informing us of your work. If you have any questions 
concerning the above, please contact this office. 

Sincerely, 

l~/\1\1\. ..... J-
William F Denny, M.D. 
Chairman 
Human Subjects Committee 

WFD: js 
cc: Department/College Review Committee 
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