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(ABSTRACT} 

This study was designed to investigate the effects of 

retrieval on memory for prose in second-graders and adults. 

Specifically, this study assessed the effects of retrieving 

an interleaved story in canonical form on the subsequent 

retrieval of that story in its originally presented 

interleaved form. Subjects were randomly assigned to one of 

five conditions. The critical comparisons were between the 

invalidation condition and its control condition. In the 

invalidation condition, the experimenter said that the 

initial instructions to recall the story were incorrect and 

that the subjects should now recall the story exactly as 

presented. Subjects in the control condition were asked to 

recall the story exactly as presented after recalling the 

story canonically. 



The results indicated that the nature of recall was 

greatly influenced by the demands of the retrieval task. 

Second-graders and adults made more theme-irrelevant 

elaborations in the invalidation condition than in the 

control condition. Second-graders' recall protocol was more 

congruent with the most recent recall instructions when 

their former recall instructions were invalidated than in 

the control condition. In contrast, adults' recall protocol 

was congruent with the most recent recall instructions 

whether or not their initial recall instructions were 

invalidated. Congruence was measured by episode clustering 

(ARC) and by input-output Spearman Rank Order Correlation. 

These findings suggest that conditions at retrieval and 

not at encoding appear to determine what form recall will 

take. Further, the findings of this study suggest that 

second-graders are more likely to internalize experimenter 

provided retrieval plans than are adults and are more likely 

to abandon these retrieval plans when provided with negative 

evidence for their internalized plan. Schmidt and Schmidt 

(in preparation) have recently argued that recall is 

influenced by a retrieval plan and that one of the sources 

through which a retrieval plan can be generated is through 

the retrieval context. They also argue that the retrieval 



context should have its most powerful impact when limited or 

inappropriate retrieval plans are available to the subject. 

The differences between second-graders and adults reported 

here serve to support this view. 
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1 

A Developmental Analysis of the Effects of Retrieval 

on Subsequent Recall of Prose 

Introduction 

A major legacy of Bartlett's (1932) work in 

contemporary cognitive psychology is the concept of 

assimilation of information from contexts into memory. This 

work initiated the constructivist approach to memory, an 

approach which is characterized by a view of memory similar 

to that of Piaget's (Flavell, 1985). The constructivists 

argue that contexts carry meaning and that memory stores the 

meaning derived from contexts (Bransford, Barclay & Franks, 

1972: Michaels & Carello, 1981: Piaget, 1954, 1976: Rogoff, 

1982). From these premises, the constructivists conclude 

that contexts provide information which people integrate 

into existing memory and thus modify or assimilate that 

information to be congruent with existing cognitive 

structures. 

Although the process of assimilation has been 

demonstrated in a number of studies (e.g. Bartlett, 1932: 

Brandsford & Franks, 1971: Bransford, Barclay & Franks, 

1972), the limits of this process are not clearly understood 

(Hasher, Attig & Alba, 1981). For example, under certain 

circumstances children appear to automatically assimilate 



information for an event into existing cognitive structures. 

Paris and Carter (1973) presented children, in the second 

through fifth grades, with two premises from which a logical 

inference could be drawn. The children were tested for 

recognition of the presented sentences using a variety of 

distracting sentences. These included negations of the 

premise sentences as well as inferences that either could or 

could not logically be derived from the premises. The 

authors found that the children judged that the logical 

inferences had actually been presented when in fact they had 

not been presented at all. These data suggest that the 

children automatically assimilated the presented information 

into existing memory, because they were unable to 

distinguish between inferred and actually presented 

information. 

However, as this paper will discuss, there is evidence 

which indicates that information may not be automatically 

assimilated into existing cognitive structures. 

Specifically, this paper will focus on memory for prose. In 

the first section, data will be present which indicates that 

where the individual is along the memory development 

continuum plays a role in determining the manner and the 

amount of assimilation which takes place. The second 
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section of this paper will focus on the task environment, 

and will question the common assumption that subjects 

routinely depend on the task environment to guide their 

memory. In particular, the section will probe whether theme 

statements provided at encoding are in fact used by the 

subject to structure encoding of to-be-remembered material. 

The third section of this paper will present evidence 

suggesting that retrieval experience provides an occasion 

for integration and reorganization of originally presented 

information. The paper will conclude with two sections 

which propose a story form manipulation to resolve the 

ambiguity of procedures typically used to assess whether or 

not prose information is automatically assimilated into 

existing memory (Mandler, 1978). 

Memory and Level of Development 

There appears to be a relationship between where a 

child is along the memory development continuum and what 

that child can assimilate, a phenomenon Brown (1975) refers 

to as "headfitting." Mosenthal (1979) found that the manner 

and the amount of a child's recall were a function of how 

the child's cognitive structures interact with a given 

paragraph structure. That is, what is encoded and recalled 

could be d.escribed as a subjective interpretation based on 

3 



current cognitive structures. Further, with a change in 

cognitive structures comes a concomitant change in memory 

for an event (Piaget & Inhelder, 1973). 

Between the ages of 6 and 12 years, children 

significantly alter their propensity to apply inferential 

processes to tasks of sentence memory (Paris, 1975; Paris & 

Lindauer, 1976). For example, Liben and Posnansky (1977) 

extended the study by Paris and Carter (1973) to include 

kindergarten and first-grade children. They replicated the 

earlier results for the older children, but found that 

kindergarten and first-grade children did not incorrectly 

recognize inferences as actually presented. Liben and 

Posnansky (1977) also found that only the older children 

integrated the original sentences to derive a memory 

representation that included relationships among all objects 

in the story. In contrast, younger children were more 

likely to remember the sentences individually. These data 

suggest that whether or not memory for the originally 

presented material is modified is influenced to some degree 

by where the individual is along the memory development 

continuum. 

A similar conclusion was reached by Schmidt, Schmidt 

and Tomalis (1984), who investigated the development of 
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integration and comprehension monitoring in preschoolers, 

kindergartners and second-graders. In this study, children 

were read stories which contained a nonspecific premise, two 

sentences that converged on an interpretation of the 

premise, and an anomalous sentence. The authors found that 

the tendency to make the convergent inference improved with 

development. They found that preschoolers were not affected 

by the position of the anomalous clue: they were apparently 

treating the clues independently or attempting to integrate 

a subset of the clues with previous knowledge. 

Kindergartners, on the other hand, were affected by the 

presence of the anomalous clue, but only when it came first. 

Presumably the kindergartners were unable to reorganize 

their memory for the clues to accommodate the two convergent 

clues when these clues followed the anomalous clue. 

Finally, the authors found that second-graders were 

unaffected by the position of the anomalous clue because 

they were apparently able to reorganize their memory for the 

clues when the two convergent clues followed the anomalous 

clue. Based o.n these results, the authors proposed three 

developmental levels of integrative processing for stories: 

(1) independent treatment of related sentences or 

idiosyncratic integration of sentences with extra-story 
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information: (2} intra-story integration without 

reorganization of memory for the story based on initially 

incorrect interpretations: and (3} intra-story integration 

with reorganization of memory for the story when sufficient 

convergent information is present. 

In general, these data support the contention that the 

type of integrative processing exhibited by the individual 

is dependent upon where the individual is along the memory 

development continuum. Thus, the manner and the amount of 

an individuals recall are a function of how the individual's 

cognitive structures interact with the task environment. 

Memory and the Task Environment 

Even though level of memory development is important in 

determining the type of integrative processing exhibited, 

the task environment also appears to be important. Support 

for this thesis comes from a study by Landis (1982). In 

this study, seven- and ten-year-old children were read 

passages aloud. For some children the passage dealt with a 

well-known historical figure, and for other children the 

same passage was used with the name of the historical figure 

replaced by a fictitious one. For example, the name Abraham 

Lincoln was replaced with the name Robert Baker. The 

results demonstrated that children who heard the passage 

6 



about the historical figure had a great deal of difficulty 

distinguishing between those sentences they had actually 

heard from those not presented that dealt with known facts 

about the historical figure. In contrast, children who 

heard the sentences as part of a paragraph about a 

fictitious person had little difficulty identifying those 

sentences they actually heard. Landis (1982) concluded that 

when children are familiar with a topic, they integrate 

newly acquired information with existing knowledge such that 

they cannot discriminate what they have recently learned 

from what they previously knew about the topic. However, 

when children are not familiar with a topic, these same 

discrimination errors do not occur. 

This explanation suggests that congruence with content 

knowledge results in the inability to discriminate between 

what has been recently learned from what was previously 

known. Thus, individuals may integrate and reorganize their 

memory for originally presented information when that 

information is congruent with their existing content 

knowledge. Alternately, congruence with content knowledge 

may have an indirect influence on memory for story 

information through a retrieval plan {Schmidt & Schmidt, in 

preparation). Schmidt and Schmidt {in preparation) argue 
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that retrieval plans summarize the structures and retrieval 

processes which will be used during story reconstruction. 

Further, these authors point out that the retrieval plan can 

be constructed during encoding. Thus, when the subjects in 

the Landis (1982} study were asked to identify those 

sentences they actually heard, their performance on the 

recognition task may have reflected an adaptation to an 

anticipated retrieval task based on the cues provided at 

encoding and may not have reflected what was actually 

encoded. That is, given the cues provided at encoding, the 

subjects could have generated retrieval plans based on those 

cues. 

For example, Anderson and Pichert (1978} asked college 

students to read a story about two boys playing hooky from 

school and visiting one boy's home. These subjects were 

instructed to take the perspective of either a burglar or a 

person interested in buying a home as they read the story 

which contained a description of the boy's home. The 

subjects were then asked to recall the story from the 

perspective presented at encoding. Following an 

interpolated activity, the subjects were again asked to 

recall the story, but this time from the alternative 

perspective. The authors found that the subjects recalled 
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previously unrecalled information following a shift in 

perspective. 

This finding suggests that the subjects must have 

developed a richer representation for the story material 

than could be accounted for solely in terms of the initial 

perspective at encoding. That is, the retrieval cues of the 

task environment may have elicited an output edited version 

of the actual stored information. Despite Anderson's and 

Pichert's (1978) reluctance to accept this interpretation, 

they concede that some form of output editing most likely· 

took place, as the recall data showed decreased recall of 

information unimportant to the s·econd perspective. 

Schmidt and Schmidt {1986) extended the Anderson and 

Pichert {1978) study to include kindergartners, second-

graders and fourth-graders, as well as adults. However 

there was one important difference between these two 

studies. Instead of using a perspective-switching paradigm, 

Schmidt and Schmidt (1986) used a theme-switching paradigm. 

A perspective is a more general organizing construct than a 

theme in that it is not explicitly stated in or derivable 

from the story. For example, Anderson and Pichert (1978) 

presented their subjects .a story with the theme of, "two 

boys playing hooky from school and visiting one boy's home". 
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Throughout the story there was no mention of a burglar or a 

home buyer, though the story details were more or less 

related to these perspectives. 

Schmidt and Schmidt (1986) examined the developmental 

changes in the use of themes as retrieval cues. They 

predicted that kindergartners would not be able to recall a 

story first from one theme and then from another. Rather, 

kindergartners should persist in their use of the originally 

presented theme to guide retrieval and therefore be unable 

to reorganize their memory for the story in the presence of 

anomalous information. Such a pattern of results would be 

consistent with the Schmidt et al. (1984) results presented 

earlier. Second- and fourth-grade children were expected to 

show theme-switching because, according to Schmidt et al. 

(1984), they are able to integrate and reorganize their 

memory for the story in the presence of anomalous 

information. Though these predictions followed from their 

previous study, Schmidt and Schmidt (1986) found theme-

switching for kindergartners only. In addition, when 

children were asked to identify the theme of the story after 

recall, kindergartners typically reported the theme 

presented at retrieval whereas fourth-grade children 

typically reported both themes, regardless of whether or not 
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both themes were presented. 

The authors concluded that fourth-grade children and 

adults most likely constructed a retrieval plan which 

summarized both themes to aid recall of the story. Children 

in kindergarten and, to some extent, those in second grade 

appeared to rely less on self-generated retrieval plans and 

more on the retrieval cues provided for them during recall. 

These authors add that the alternative perspectives 

contained in the Anderson and Pichert (1978) stories could 

not be identified from the passage alone, forcing the adults 

to rely on the retrieval cues provided to them during 

recall. In the Schmidt and Schmidt (1986) study, the 

alternative themes could be readily abstracted from the 

presented stories as shown by the fact that fourth-graders 

and adults spontaneously reported the themes not contained 

in the retrieval cues. 

Taken together, these studies suggest that switching 

the retrieval demands placed on an individual results in an 

altered output only if the external retrieval cues are 

different from the subject's retrieval plan. In the case of 

young children, their output should mirror what the 

retrieval cues demand since they typically do not generate 

retrieval plans. For example, in Schmidt and Schmidt 
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(1986), the kindergartners were probably encoding the story 

for details and focusing retrieval on experimenter provided 

cues. However, as suggested by the data of Schmidt et al. 

(1984), if the retrieval cues require the kindergartners to 

reorganize their originally encoded information then their 

recall would probably not mirror what the retrieval cues 

demand. 

Evaluation of the Theme-switching Paradigm 

Although the data concerning perspective/theme-

switching are compelling, the conclusions generated from 

these data are equivocal. There is no apparent way to 

independently assess what the individuals are actually 

encoding. The retrieval plan, whether generated at encoding 

or retrieval, has been the only construct successfully 

studied through the manipulation of retrieval cues. As a 

result, the perspective/theme-switching data are unclear as 

to whether or not the subjects in these studies were 

integrating and reorganizing their memory for the story or 

whether they were encoding for details and adjusting their 

recall protocol in accordance with the task demands. A 

study by Hasher and Griffin (1978) provides some insight 

into this dilenuna. 

Hasher and Griffin (1978) proposed that given identical 
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learning experiences, adults should recall information 

either as if they had reconstructed their memory for the 

presented information or as if they had not, depending on 

the retrieval situation. In their study, subjects were 

presented with a story and a theme for the story. After the 

subject had read the story, the experimenter either 

validated or invalidated the original story theme. The 

experimenter invalidated the original theme by disclaiming 

the theme and presenting the subject with a new theme. The 

subjects were asked to recall the story after varying 

retention intervals. The data showed that subjects who had 

their story theme validated used reliably more thematic 

importations and produced reliably less accurate recall than 

those subjects who had their story theme invalidated, even 

after a five-minute retention interval. Hasher and Griffin 

(1978) concluded that what is stored in memory is a fairly 

accurate reproduction of the originally presented material. 

Whether or not the recall protocol of that information 

appears to be a reconstruction of the originally presented 

information depends upon the demands imposed by the task 

environment. 

Retrieval Experience 

Although a number of studies have demonstrated that 
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memory inaccuracies in the retrieving of prose may not be a 

result of a storage deficit but simply a result of the 

nature of the retrieval situation (Anderson & Pichert, 1978: 

Hasher, Attig & Alba, 1981: Hasher & Griffin, 1978: Loftus & 

Loftus, 1980: Schmidt & Schmidt, 1986), a few studies have 

shown that through retrieval experience memory can be 

improved (Brown, Smiley & Lawton, 1978: Buss, Yussen, 

Mathews, Miller & Rembold, 1983) or even changed (Ackerman & 

Rathburn, 1984). For example, Brown et al. (1978) found 

that prior to experience recalling prose material, college 

students selected mainly the most important elements of a 

story to serve as ret~ieval cues for recalling the story. 

However, after retrieval experience, they selected units of 

intermediate importance as retrieval cues and thus improved 

their memory for the story. Similarly, Buss et al. (1983) 

provided second-grade children with a brief training 

procedure designed to give them experience retrieving story 

propositions in their appropriate sequence. Buss et al. 

(1983) found that this retrieval experience improved the 

second-graders' memory for stories whose propositions were 

out of sequence. 

A more profound effect of retrieval experience on 

memory was demonstrated by Ackerman and Rathburn (1984). 
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Their study provides evidence that retrieval experience can 

result in the integration and reorganization of the 

originally encoded information. In four experiments, these 

authors assessed the effects of recognition experience, 

which is a particular type of retrieval experience, on cued 

recall for pairs of words in second- and fourth-grade 

children and in adults. The design was based on the 

assumption that memory for pairs of words contains 

associative information relating the words with each other. 

The pairs of words consisted of a cue and target word, where 

the cue word served as a retrieval cue for the target word. 

The authors presented subjects with pairs of words varying 

in type of associative information relating the cue and 

target words. For example, the words "lettuce" and "tomato" 

are specifically associated with each other in that they are 

both vegetables, whereas the words "lettuce" and "milk" are 

generally associated with each other in that they are both 

foods. 

The critical experimental comparisons focused on how 

retrieval-(in this case recognition) may affect the 

association between the cue and target words and thus affect 

cued retrieval of the target word. The procedure 

incorporated three phases. In the first phase, the subjects 
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studied the pairs of words in order to be able to recall the 

target word on a later test. The second phase was the 

recognition experience phase. In this phase, subjects were 

required to circle the target words seen during the first 

phase from a list of potential target words. Depending on 

group assignment, a particular recognition experience was 

given. Subjects were either presented with a list of words 

which were specifically associated to, generally associated 

to, or not associated to the original pairs of cue-target 

words. The third phase of the experiment was a cued recall 

test for the target word. 

The data indicate that specific recognition experience 

facilitated memory for the target word, and that general and 

unrelated recognition experience reduced memory for the 

target word. Moreover, the effects of recognition 

experience on subsequent recall were stronger in children 

than in adults. Ackerman and Rathburn (1984) concluded that 

children's memory representations of the word-pairs were 

more mutable than adults' memory representations. That is, 

retrieving information in one manner appeared to change the 

way that information was stored and hence changed the way it 

was subsequently retrieved by second- and fourth-grade 

children but not by adults. 
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Although both Schmidt and Schmidt (1986) and Ackerman 

and Rathburn (1984) had children recall information first 

one way and then another, their results were not parallel. 

That is, Ackerman and Rathburn found that retrieval 

experience changed the way the information was represented 

in memory. Schmidt and Schmidt (1986), on the other hand, 

found that the retrieval situation influenced the recall 

protocol but not the way the information was represented in 

memory. One possible reason for these discrepant results is 

that children have well established strategies for encoding 

and retrieving stories, whereas they do not for lists of 

words (Mandler, 1978). Moreover, when children lack these 

strategies they tend to rely on externally provided cues to 

guide memory for the information (Paris, Newman, & Jacobs, 

1985). Therefore, the experimenter provided cues of the 

Ackerman and Rathburn (1984) study probably had a more 

powerful influence on memory than did those of the Schmidt 

and Schmidt (1986) study. As a result, the experimenter 

provided cues in the Ackerman and Rathburn (1984} study most 

likely induced the integration and reorganization of the 

child's memory for the list of words. In contrast, the 

experimenter provided cues in the Schmidt and Schmidt {1986) 

study did not induce this assimilative process for the 
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presented story. This pattern of results suggests that 

retrieval experience can induce integration and 

reorganization of memory provided that the appropriate 

strategies needed to encode and retrieve the information are 

not available to the individual. Data concerning story form 

manipulations provide a possible avenue through which to 

pursue this hypothesis, because the well established memory 

strategies for thematic information can be simultaneously 

compared to the relatively impoverished strategies for story 

form. 

Data Concerning Story Form Manipulations 

In general, when organized materials such as prose are 

presented to subjects, a set of expectations is elicited 

concerning the overall form and meaning of the material 

{Black & Bower, 1980: Mandler, 1979). Research has shown 

that both children's and adults' recall of well-structured 

stories conforms to the organization of categories of story 

information defined by a story grammar {Mandler & Johnson, 

1977: Stein & Glenn, 1979: Thorndyke, 1977). A story 

grammar is a set of grammatical rules which specifies 

whether or not a story is well structured. A well 

structured story is one which is representative of the 

expectations about the form of the story the listener has 
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incorporated in a cognitive scheme (Mandler & Johnson, 

1977). If the logical organization of stories is violated 

in scrambled and interleaved stories, subjects tend to 

reorder the stories in recall according to an ideal story 

grammar (Glenn, 1978: Hudson & Fivush, 1983: Mandler, 1978: 

Mandler & Deforest, 1979: Stein & Nezworski, 1978). 

Scrambling and interleaving stories violate schematic 

organization by altering the logical sequence of the story. 

Scrambling consists of taking a logically ordered or 

"canonical" version of a story and randomly organizing 

sentences within the story. Interleaving consists of taking 

a canonical version of a story and arranging the sentences 

within the story by alternating the placement of sentences 

from each episode. That is, the first sentence of episode 1 

is followed by the first sentence of episode 2, and the 

first sentence of episode 2 is followed by the second 

sentence of episode 1, and so forth. 

Data show that children's comprehension and memory for 

stories is more dependent on the form of a story (canonical, 

scrambled and interleaved) than that of adults' (Mandler, 

1978: Mandler & Deforest, 1979). Specifically, Mandler, 

(1978) and Mandler and Deforest (1979) read canonical or 

interleaved two-episode stories to children and adults. The 
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authors found that all subjects showed a strong tendency to 

recall the interleaved story in canonical form, with this 

tendency being much more pronounced in children than in 

adults. Further, the subjects who recalled the interleaved 

story recalled fewer story units and showed a diminution in 

recall accuracy as compared to those subjects who recalled 

the canonical story. Here again, the effect was much more 

pronounced in children than in adults. Mandler (1978) and 

Mandler and Deforest (1979) summed up the developmental 

aspects of their studies by stating that children appear to 

be dependent on familiar structures in their recall of 

stories and that with age this dependency seems to diminish. 

Hudson and Nelson (1983) tested this hypothesis in 

young children by investigating preschool and first-grade 

children's use of scripts in story recall. A script 

specifies a familiar sequence of actions and the props 

appropriate to a particular spatial-temporal context which 

is associated with a particular goal (Schank & Abelson, 

1977). Specifically, in a script associated with going to a 

restaurant, ordering and consuming a meal are assumed, as 

are waiter or waitress, menu, food and bill. 

In the Hudson and Nelson (1983) study, subjects were 

randomly assigned to one of three story conditions. 
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Subjects in the control group were read the canonical 

version of a story, which was introduced with a theme 

statement. For instance, the theme statement for the story 

entitled "Making Cookies" was "One day George and his mother 

decided to make some cookies". Subjects in the misordered 

condition were read a misordered version of a story, which 

was also introduced with a theme statement. The misordered 

version of a story was constructed by arranging two pairs of 

sentences such that they were out of temporal sequence. 

Subjects in the goalless condition were read the canonical 

version of the story with the theme statement replaced by a 

setting· statement, which contained filler information 

unrelated to the goal of the story. For instance, instead 

of introducing the "making cookies" story with the theme 

statement, the story was introduced with "One day George and 

his moth.er were in the kitchen together". After the story 

was read, the children were asked to recall as much of the 

story as they could. The story was read for them again and 

they were asked to recall it again. The next day the 

experimenter again asked the children to recall the story 

but without reading it for them. 

Hudson and Nelson (1983) measured the number of 

sentences recalled, which sentences were recalled most, the 
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order in which sentences were recalled and the number of 

script-relevant intrusions. A script-relevant intrusion was 

defined as an addition to or transformation of the 

originally presented sentence. Additions were defined as 

the addition of acts or details that were not stated in the 

story. Transformations were defined as the substitution of 

acts or details for those stated in the story. 

The authors found evidence of script relevant 

intrusions in the children's recall at both ages, especially 

for the delayed recall condition. The deletion of goal 

information and the misordering of causally related acts had 

relatively little effect on recall within age groups. 

However there was an age by group interaction. First-grade 

children were relatively less affected by story 

manipulations than were preschool children. The deletion of 

goal information had no effect on first-grade children's 

recall and they were able to recall misordered acts in an 

illogical sequence. Preschool children added goal 

information to the goalless story more often than did first-

grade children. They were also less able to recall 

information that did not match their scripts. 

In summary, the above study found that first-grade 

children were relatively less affected by story 
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manipulations than were preschool children. One possible 

explanation for these results, as advanced by Schmidt and 

Schmidt (in preparation), is that the child's increasing 

ability to reorganize existing memories is a result of their 

increasing control over memory planning. For inexperienced 

individuals, the social and physical environment guides the 

appropriate solution to the problem (Rogoff & Wertsch, 

1984). Through experience in such other-structured 

situations, the individual's mental functioning develops 

such that environmental support can be selectively ignored 

in favor of self-generated memory plans (Schmidt & Schmidt, 

1986: Vygotsky, 1962, 1978) 

Rationale 

In general, kindergartners tend to repair prose to fit 

a canonical sequence whereas second-graders demonstrate a 

greater ability to recall prose in a noncanonical form 

(Hudson & Fivush, 1983: Hudson & Nelson, 1983: Mandler, 

1978: Mandler & Johnson, 1977: Shank & Abelson, 1977). In 

addition, retrieval experience seems to provide an occasion 

for integration and reorganization of memory for originally 

presented information, especially in second-grade children 

(Ackerman & Rathburn, 1984). This may affect subsequent 

memory for that information in these children (Ackerman & 
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Rathburn, 1984}. For adults, retrieval experience does not 

seem to have such a profound affect on subsequent memory in 

that original memories are recoverable given the appropriate 

retrieval conditions (Ackerman & Rathburn, 1984: Hasher, 

Attig & Alba, 1981}. However, retrieval experience has been 

shown to alter what adults will focus on in preparation for 

subsequent similar retrieval tasks (Brown, Smiley & Lawton, 

1978). Further, adults are capable of retrieving prose in 

other than canonical form (Mandler, 1978}, possibly 

suggesting their ability to reorganize their memory for 

story forms. 

The purpose of this study was to assess the effects of 

retrieval on memory for prose at different developmental 

levels. Based on the past literature the following 

predictions were made. Because young children tend to 

repair prose to fit a canonical sequence (Hudson & Nelson, 

1983: Mandler, 1978: Mandler & DeForest, 1979}, retrieval 

should have little effect on subsequent memory because 

retrieval will always be consistent with their cognitive 

schemes. That is, because kindergartners will always recall 

prose canonically, retrieval will only serve to reinforce 

the canonical retrieval of prose. 

Though second-grade children tend to repair prose to 
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fit a canonical order, they have been shown to be sensitive 

to training procedures designed to facilitate recall of 

prose in interleaved form {Buss, Yussen, Mathews, Miller & 

Rembold, 1983). Further, second-grade children are at a 

time in development at which they exhibit intra-story 

integration with reorganization of memory for the story when 

sufficient convergent information is present {Schmidt, 

Schmidt & Tomalis, 1984). Because Ackerman and Rathburn 

{1984) found that retrieval experience for second-grade 

children has an effect on subsequent recall and Schmidt et 

al. {1984) found that second-grade children have the 

capacity to reorganize memory, then they should demonstrate 

a tendency for integration and reorganization of memory as a 

result of retrieval experience. 

Adults' recall should be less affected by retrieval 

experience because they posses the ability to recall 

canonical and interleaved stories quite well {Mandler & 

Deforest, 1979). They should therefore rely more on 

internally generated retrieval plans than on externally 

provided retrieval cues {Schmidt & Schmidt, 1986). However, 

they do no appear insensitive to the demands of the task 

. environment, as retrieval experience has been shown to 

effect study habits in adults {Brown, Smiley & Lawton, 
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1978). 

In order to assess whether the effects of initial 

recall on subsequent recall are a result of the nature of 

the retrieval situation or a result of the process of 

assimilation, Hasher's and Griffin's (1978) invalidation 

procedure was incorporated into the design of this study. 

Since this procedure has only been used to invalidate the 

thematic information of prose, measures of protocol content 

were evaluated to provide a comparison for the results 

reported by Hasher and Griffin (1978). Based on this 

comparison, the utility of the invalidation procedure can be 

determined for instructions designed to manipulated the form 

rather than the content of the recall protocol. 

Another reason why both output structure and content 

measures were assessed was to test the hypothesis that 

retrieval experience can induce integration and 

reorganization of memory provided that the appropriate 

strategies needed to encode and retrieve the information are 

not available to the individualo Specifically, memory 

strategies for thematic information appear to be well 

established, whereas those for story form appear not to be 

as well established (Mandler, 1978). If this is in fact the 

case, then the effects of retrieval experience on subsequent 
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recall should show a greater effect for the story form 

measures as compared to the story content measures. 

One final point concerning the dependent measures is 

important to note. The dependent variables employed in this 

study measure both memory accuracies and inaccuracies. The 

reason for this was to ensure that the results from this 

study were not biased toward an interpretation that memory 

for prose is accurate or that memory for prose is 

inaccurate. A bias toward accuracy would result in the 

conclusion that memory for prose is reproductive. A bias 

toward inaccuracy would result in the conclusion that memory 

for prose is reconstructive. In order to obviate this 

possible threat to validity, equal weight was given to 

measures of accuracy and inaccuracy. 
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Method 

Subjects 

Subjects were 57 kindergartners and 41 second-graders 

from several different elementary schools in southwest 

Virginia, and 82 college adults from Virginia Polytechnic 

and State University. The adults were sampled from those 

who were enrolled in psychology classes which credited 

students for participating in experiments. Subjects were 

randomly assigned to one of five recall conditions with 

equal numbers of males and females included at each age 

level. For kindergartners, there were 11 subjects in 

Condition.I, 11 in Condition 2, 13 in Condition 3, 11 in 

Condition 4 and 11 in Condition s. However, 19 

kindergartners had to be omitted from the analysis on story 

form and number of story units accurately because of missing 

data. Thirty-one kindergartners had to be omitted from the 

analysis on ARC and output order because of missing data. 

Subject attrition for the kindergartn~rs was random across 

the five conditions. For second-graders, there were 9 

subjects in Condition 1, 9 in Condition 2, 10 in Condition 

3, 6 in Condition 4 and 7 in Condition s. For adults, there 

were 18 subjects in Condition 1, 13 in Condition 2, 21 in 

Condition 3, 18 in Condition 4 and 12 in Condition s. 



Materials 

Stimulus Story. Children and adults 'listened to a 

story derived from Borden (1987), which is presented in 

Table 1. The story began with a general setting statement 

and consisted of two episodes with each episode comprised of 

eight sentences and defined as a sequence of nodes which 

included a single protagonist (Mandler & Johnson, 1977). 

The sequence of nodes for each episode consisted of a 

setting, a beginning, a complex reaction, several attempts, 

an inferred outcome and an ending. The setting is a 

statement which introduces the protagonist and other 

characters in the story. The beginning is a statement which 

causes the protagonist to respond in some way. A complex 

reaction is defined as the protago~ist engaging in some 

action in order to achieve a goal. An attempt consisted of 

the ways in which the protagonist tried to realize the goal. 

An outcome is defined as the immediate result of a 

particular attempt. In this study, the outcome was inferred 

from the converging evidence of the attempts and endings of 

each episode. An ending is defined as a statement which 

emphasizes the final outcome. 

The story was created by interleaving the nodes of the 

two episodes (Mandler, 1978). That is, the story consisted 
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of a common setting statement in which protagonists from 

both episodes were introduced. The setting was followed by 

the remaining nodes of Episodes 1 and 2, which were ordered 

to yield a story in interleaved form (Table 1). 
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Table 1 

Stimulus Story 

Once there were two mice, Waldo and Emily, who lived in the 
Wilson's house. 

Waldo liked the place in the Wilson's house that had the 
stove and the refrigerator because there was always food 
there. 

Emily liked the place in the Wilson's house that was behind 
the door where the bath tub and shower were. 

Every morning Waldo would go to the place in the Wilson's 
house with the stove and the refrigerator for breakfast. 

Every morning Emily would go to the place behind the door to 
wash up. 

Waldo had to be careful because getting breakfast was very 
dangerous. 

While Emily was washing up she heard foot steps coming 
towards the door. 

Waldo always carried a small stick with him to help him get 
breakfast. 

Emily heard the foot steps coming closer and closer to the 
door. 

As Waldo was climbing up on the stove he smelled some 
cheese. 

Emily ran right between Mrs. Wilson's legs. 

Waldo crept very carefully over to the cheese. 

Mrs. Wilson screamed and chased after Emily with a broom. 

Waldo saw that the cheese was on a very dangerous thing. 

Mrs. Wilson swatted at Emily with the broom. 
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Table 1 (Cont.) 

Waldo poked at the cheese with the small stick and the 
dangerous thing closed with a loud snap. 

Emily felt the broom swish above her head. 

Waldo felt very happy because he had cheese for breakfast. 

Emily ran inside a small hole in the wall and felt safe. 
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Recording Equipment. Subjects' recall of the story was 

recorded on a portable cassette recorder with input provided 

by an external l/4in. microphone. The microphone was placed 

on a flat surface, approximately 40cm from the subject's 

mouth and pointed in the direction of the subject's mouth. 

Subjects were assigned a code which corresponded to their 

grade, sex and recall condition. This code was recorded 

onto the recall protocol in lieu of the subject's name in 

order to maintain subject anonymity. The recall protocols 

from each tape were transcribed verbatim. 

Procedure 

The five conditions of the study were defined by the 

type of retrieval tasks the subjects were asked to perform 

during a test session. There were two types of retrieval 

tasks: a reconstructive task and a reproductive task. For 

the reconstructive task, subjects were asked to "tell me all 

the things about Waldo first and all the things about Emily 

second". For the reproductive task, subjects were asked to 

"tell me the story exactly as it was read to you". 

Subjects were tested individually during each test 

session. A test session consisted of two recall trials and 

a ten minute retention interval between the recall trials. 

For a test session, the experimenter read the instructions 
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to the subjects, telling the subjects that they would be 

read a story and that they should try to remember the story 

because they would be asked to recall it. The experimenter 

read the subjects the story without providing a theme 

statement for the story. A theme was not given in 

introducing the story, because introducing the story with a 

theme statement has been shown to bias subjects toward more 

efficient encoding of information related to the theme 

statement than of unrelated information (Brown & Smiley, 

1977: Christie & Schumacher, 1975: Johnson, 1970: Landis, 

1982: Sulin & Dooling, 1974). 

After the experimenter read the subjects the story, 

Recall Trial 1 began. During Recall Trial 1 the subjects, 

depending upon their assigned condition, were prompted for 

reconstructive recall, for reproductive recall, or were not 

prompted for recall. Both Recall Trials 1 and 2 ended after 

the subjects reported that they could not remember any more 

information in response to a standard prompt, or after five 

minutes. 

Recall Trial 1 was followed by a retention interval 

which was ten minutes long. In order to maintain a constant 

retention interval between the two recall trials, the second 

recall trial occurred exactly ten minutes after the 
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completion of the presentation of the story. This insured 

that the delay period experienced by the subjects of a 

particular age group was that of the subjects in the other 

age groups. Further, the five minute time limit on recall 

insured at least five minutes of interpolated activity. 

The interpolated activity for the kindergartners and 

second-graders consisted of the subjects working several 

different puzzles, such as picture completion, finding 

differences among objects and solving mazes. The 

interpolated activity for the adults consisted of solving 

puzzles, such as connecting all the dots in a nine dot array 

with 4 lines without tracing back over any of the lines. 

The purpose of the interpolated activity was to prevent 

elaborative rehearsal, because elaborative rehearsal has 

been shown to change the way information is encoded into 

long-term storage (Craik & Watkins, 1973: Jacoby & Bartz, 

1972}. 

The retention interval was followed by Recall Trial 2 

during which subjects were prompted for reproductive recall. 

Upon completion of the subjects' response for Recall Trial 

2, subjects were asked to answer specific questions designed 

to probe for success or failure in making appropriate 

inferences. 
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The five recall conditions of this study were as 

follows. Subjects in Condition 1 were instructed to "tell 

me the story the way it was read to you" {reproductive 

recall} on both trials. Subjects in Condition 2 were 

instructed to "tell me all the things about Waldo first and 

Emily second" {reconstructive recall} on the first recall 

trial and prompted for reproductive recall on Trial 2. 

Subjects in Condition 3 were promoted for reconstructive 

recall on Trial 1. During Trial 2 subjects in Condition 3 

had their original recall instructions invalidated {Hasher, 

Attig & Alba, 1981} and then were prompted for reproductive 

recall. Invalidation was accomplished by telling the 

subjects, "I am sorry I made a mistake, the way I asked you 

to tell the story back to me was wrong: could you just 

forget the way you just told me the story and tell it back 

to me the way it was read to you". Subjects in Condition 4 

were asked to start the interpolated activity on Trial 1 and 

prompted for reproductive recall on Trial 2. Subjects in 

Condition 5 were asked to start the interpolated activity on 

Trial 1 and simply asked to "Tell me the story about Waldo 

and Emily" on Trial 2 {see Table 2 for a summary of the 

design). 

In order to facilitate the presentation of the 
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instructions for the kindergartners and second-graders, two 

cavemen figures, which stood about 4cm high, were used. One 

figure was named Frank and the other Ernie. The figures 

were introduced by the experimenter who said, "these are my 

two monster friends, Frank and Ernie". The experimenter 

described Frank as a good monster who was there to make sure 

that Ernie didn't play any tricks. The experimenter 

described Ernie as a good monster who liked o play tricks on 

people. After describing Frank and Ernie, the experimenter 

said that Ernie is going to ask you to recall the story and 

that Frank is here to make sure that Ernie does not play any 

tricks on us. 

Once the experimenter explained Frank's and Ernie's 

roles, Trial 1 began. Depending upon the subjects' assigned 

condition Ernie delivered the appropriate instructions, via 

the experimenter. At the beginning of Trial 2, Ernie again 

delivered the appropriate instructions, except to those 

children in Condition 3. Instead, Frank delivered the 

following instructions which served to invalidate the 

initial set of instructions delivered by Ernie. Frank would 

say, "Ernie played a trick on us and asked you to recall the 

story the wrong way: could you just forget the way you just 

told me the story and tell it back to me the way it was read 
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to you." 

The design of this study allows for several 

comparisons. A comparison between Conditions 1 and 2 will 

assess the relative magnitude of the effect of switching 

retrieval instructions on Trial 2. Condition 3 replicates a 

similar procedure used by Hasher and Griffin (1978) and by 

Hasher, Attig and Alba (1981) to test whether the 

assimilation of information is an automatic process. In 

other words, to test whether or not the originally encoded 

information has been integrated and reorganized as a result 

of the retrieval experience of Trial 1. Comparing Condition 

3 with Condition 2 will allow for the assessment of whether 

the retrieval experience of Trial 1 results in inhibiting 

the retrieval of information for Trial 2, when the retrieval 

instructions are changed on Trial 2. If there is no 

difference between the two conditions, then this would 

suggest that the assimilation process is automatic. If 

subjects in Condition 3 recall more information than those 

in Condition 2 then this would suggest that the assimilation 

process is not automatic. Condition 4 provides a control 

for the effects of repeated testing on recall on Trial 2 as 

well as a control for the effects of delay on recall. 

Condition 5 provides base line information as to how the 
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Condition 

One 

Two 

Three 

Four 

Five 

Table 2 

Sununary of the Research Design 

Trial 1 Trial 2 

Reproductive 

Reconstructive 

Reconstructive 
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Reproductive 

Reproductive 

Invalidation-Reproductive 

Reproductive 

Free Recall 



subjects would perform the task spontaneously. 

Dependent Variables 

The dependent variables were output order, output 

clustering, number of story units accurately recalled, 

number of theme-relevant elaborations, number of theme-

irrelevant elaborations, number of substitutions, number of 

distortions, number of sentences recalled and number of 

correct inferences made. 

Measures of Form and Organization. Output order was 

measured by constructing a Spearman's rank order correlation 

between the order of subjects' recall and the actual 

presentation order of the sentences in the story (Slackman & 

Nelson, 1984). The correlation was then transformed to Z 

scores to provide data with a known distribution for 

parametric analysis. An output order score of 3.00 

indicates that the subject alternated between reporting the 

story units about Waldo and Emily, that is, the protocol is 

perfectly interleaved. An output order score of 0.00 

indicates that the subject recalled the story units randomly 

with respect to the order of presentation. An output order 

score of 1.59 would indicate that the subjects recalled all 

the story units about Waldo first and all those about Emily 

second, that is, the protocol is perfectly canonical. Note 
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that all nineteen sentences of the story would have to be 

recalled in order for this to be true. Because this was an 

unreasonable assumption to make, a measure of output 

clustering was employed to facilitate the interpretation of 

the output order measure. 

Output clustering was measured by the Adjusted Ratio of 

Clustering (ARC) (Roenker, Thompson, & Brown, 1971). An ARC 

of positive 1 indicates that the subjects' recall was 

perfectly canonical. An ARC of negative 1 indicates that 

the subjects' recall was perfectly interleaved. Note that 

this measure does not provide any information concerning 

output order and thus the need for both measures to 

interpret recall protocol form. 

Measures of Accuracy. There were two measures of the 

number of story units accurately recalled. One measure was 

generated by dividing the number of story units accurately 

recalled by the total number of words in the protocol. This 

measure of accuracy assessed what proportion of the words in 

the protocol were recalled accurately. It looks at the 

overall accuracy of the protocol and uses as its reference 

amount of recall. However, if two individuals recalled the 

same number of words accurately but one of the protocols had 

a greater number of words than the other, then the protocol 
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with the greater amount of words would be deemed to be less 

accurate than the one with fewer words. 

The other measure was generated by dividing the number 

of story units accurately recalled by the number of story 

units presented. This measure assessed what proportion of 

the story units presented were recalled accurately. Though 

this measure circumvents the former concern by using the 

number of story units presented as its reference, it suffers 

from not taking into account amount of recall. Thus, there 

was a need for both measures in order to best assess the 

accuracy of story unit recall. 

A story unit was operationalized as any subject, verb 

or object of a sentence in the stimulus story. There were 

two criteria for scoring a ·story unit as accurately 

recalled. First the story unit of the protocol had to occur 

in a corresponding sentence of the stimulus story. 

Correspondence was determined when a sentence of the recall 

protocol captured the main idea (noun and verb) of a 

sentence in the stimulus story. Second, the story unit of 

the recall protocol had to exactly match the story unit of 

the corresponding sentence in the stimulus story. For 

example, if the subject recalled the sentence, "she heard 

footprints" whereas the stimulus story read, "she heard 
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footsteps", then the experimenter would score "she" and 

"heard" as accurately recalled units. 

Measures of Inaccuracy. Theme-relevant elaborations 

were defined as embellishing the story with theme-relevant 

information. For example, in the story there was an 

inference concerning Mrs. Wilson corning toward the door. If 

the subject recalled the sentence, "she heard Mrs. Wilson's 

footsteps", whereas the story read, "she heard footsteps", 

then "Mrs. Wilson" would be scored as a theme-relevant 

elaboration. Theme-irrelevant elaborations were defined as 

embellishing the story with theme-irrelevant information. 

For example, if the subject recalled the sentence, "she 

heard footsteps with slippers on", then "with slippers on" 

would be scored as a theme-irrelevant elaboration. A 

substitution was defined as substituting a synonym for the 

correct story unit. For example, if the subject recalled, 

"she heard footprints" then "footprints" was a substitution 

for "footsteps" and would be scored as such. A distortion 

was defined as making a story unit substitution that changed 

the meaning of the story. For example, if the subject 

recalled, "she felt footsteps", then "felt"' is a distortion 

for "heard" and would be scored as such. The measures of 

protocol inaccuracy were all divided by the number of 
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sentences recalled in order to provide an average measure of 

the number of theme-relevant elaborations, theme-irrelevant 

elaborations, substitutions and distortions made per 

sentence recalled. 

Number of Sentences Recalled. Number of sentences 

recalled was measured by counting the number of sentences 

recalled which corresponded to sentences actually presented 

based on a comparison of story unit accuracy. 

Measure of Comprehension. The number of correct 

inferences were measured as the number of correct responses 

subjects made to inference probe questions. 

Analysis 

Design. A 3 gr_ade (kindergarten, second & college) by 

5 condition (reproductive-reproductive, reconstructive-

reproductive, reconstructive-invalidation-reproductive, 

null-reproductive & null-free recall) by 2 recall trial 

factorial design was employed. This was a mixed model with 

grade and condition as between subjects factors and recall 

trial as a within subjects factor nested under condition. 

Reliability. Measures of interrater reliability were 

obtained for each of the dependent measures and for the data 

transcribed from the tapes. Interrater reliability for the 

transcription of the data from the tapes was measured for 
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fifteen randomly selected taped recall protocols (one from 

each grade and condition). A second rater transcribed these 

tapes and percent agreement (number of story unit 

agreements/number of agreements + disagreements) was 

calculated. Percent agreement was 98% for the transcription 

of the data from the taped protocols. 

Interrater reliability for each dependent variable was 

also measured on fifteen randomly selected recall protocols 

(one from each grade and from each condition). A second 

rater scored the dependent measures from the recall 

protocols and percent agreement was calculated. Percent 

agreement for each of the dependent measures was as follows: 

exactly recalled story units, 95%: theme-relevant 

elaborations, 94%: theme-irrelevant elaborations, 93%: 

substitutions, 88%: distortions, 85%. The original rater's 

transcriptions and scores were used in cases of 

disagreement. 

Statistics. Separate repeated measures multivariate 

analyses of variance (MANOVA) were performed on the measures 

of recall protocol form, recall protocol accuracy and recall 

protocol inaccuracy. The reason for the separate MANOVAs 

was that these groups of dependent measures share variance 

related to their respective conceptual categories. The 
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purpose of the MANOVA was to assess the correlation within 

these pairs of variables and to provide a more sensitive 

test of the effects of the independent variable on the form, 

accuracy and inaccuracy of the recall protocol than the 

univariate test would provide. 

A repeated measures analysis of variance (ANOVA) was 

performed on the number of sentences recalled and on the 

number of correct inferences made. A Duncan's multiple 

range test (DMRT) was performed for all mean separation 

analyses. All of the statistical tests were assessed at an 

alpha level of 0.05 or smaller. 

Manipulation Check 

Procedure. Kindergartners and second-graders were 

tested for their understanding of the instructions by 

presenting them with a five-sentence interleaved story about 

Mary and Joan after testing them on the Waldo and Emily 

story. As with the Waldo and Emily story, the Mary and Joan 

story was also derived from a similar story used by Borden 

(1987). For this manipulation check, the children were 

either asked to recall the story exactly as it was read to 

them (Interleaved) and then asked to recall all the things 

about Mary first and Joan second (Canonical), or.they were 

asked to recall the story in canonical fashion and then in 
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interleaved fashion. Note that the order of presentation of 

the recall instructions was counterbalanced. 

Since the recall instructions were designed to affect 

the form of the recall protocol, the dependent variables Arc 

and output order were measured to assess the relative 

congruence between the actual form of the recall protocol 

and that prompted by the recall instructions. In addition, 

four recall conditions were defined according to recall 

trial and recall instructions in order to compare the 

effects of recall instruction on recall protocol. Recall 

Condition 1 was defined as the data for the subjects in 

Trial 1 who received instructions which prompted canonical 

recall of the story. Recall Condition 2 was defined as the 

data for the subjects in Trial 1 who received. instructions 

which prompted interleaved recall of the story. Recall 

Condition 3 was defined as the data for subjects in Trial 2 

who received interleaved recall instructions for Trial 1 and 

canonical recall instructions for Trial 2. Recall Condition 

4 was defined as the data for subjects in Trial 2 who 

received canonical recall instructions for Trial 1 and 

interleaved recall instructions for Trial 2. 
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Results 

Due to selection factors, the data obtained from the 

kindergartners may not have been representative of the 

sampled population. As a result, there was a concern that 

the differences obtained in the statistical analyses may be 

due to this unrepresentative sample and not due to the 

independent variables. In order to address this problem, 

the results from the analyses which included the data for 

the kindergartners were compared with the results from the 

analyses which omitted the data for the kindergartners. 

Since there no differences between the results of the two 

analyses the·results of the analyses which included the data 

from the kindergartners was reported here to provide a lower 

limit comparison group. 

Manipulation Check 

The results from a multivariate analysis of variance 

for ARC and output order revealed and effect of recall 

condition (p<0.0001), and no effect of grade (p<0.854) or 

grade by recall condition (p<0.334). A Duncan's Multiple 

Range Test (DMRT) for second-graders on Arc showed that mean 

Arc scores for Recall Condition 1 (Trial l; Canonical) were 

reliably greater than those of Conditions 2 (Trial 1: 

Interleaved) and 4 (Trial 2: Interleaved). Similarly, a 



DMRT for second-graders on Arc showed that mean Arc scores 

for Recall Condition 3 (Trial 2; Canonical) were reliably 

greater than those of Conditions 2 and 4. No other 

conditions were reliably different from each other (Table 

3). A DMRT for second-graders showed that mean output order 

scores for Recall Condition 3 were reliably less than those 

of Conditions 2 and 4. No other mean output order scores 

were significantly different from each other (Table 3A). A 

DMRT for kindergartners revealed that mean Arc scores for 

Recall Condition 2 were reliably less than those of 

Conditions 1 and 3. Moreover, a DMRT for kindergartners 

revealed that mean Arc scores for Recall Condition 4 were 

reliably less than those for Condition 3. No other 

conditions differed reliably from each other (Table 4). A 

DMRT for kindergartners on output order did not reveal any 

reliable differences between conditions. 

These data suggest that both kindergartners and second-

graders understood the recall instructions. Specifically, 

when asked for canonical recall the subjects produced 

canonical recall and when asked for interleaved recall the 

subjects produced interleaved recall. Evidence for this 

conclusion comes from the fact that Recall Conditions 2 and 

4 were never reliably different from each other for either 
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Table 3 

Duncan's Multiple Range Test on ARC 

for Second-Graders on each Condition 

Condition N STD Mean 

Two 14 0.384 -0.8333 A 
Four 15 0.976 -0.3333 A 
One 14 0.905 0.5000 B 
Three 11 0.724 0.6667 B 

Table 3A 

Duncan's Multiple Range Test on Output Order 

for Second-Graders on each Condition 

Condition N STD Mean 

Three 11 0.984 1.3394 A 
One 14 1.547 1.8458 A B 
Four 15 1.042 2.5650 B 
Two 14 0.785 2.5715 B 
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Table 4 

Duncan's Multiple Range Test on ARC 

for Kindergartners on each Condition 

Condition N STD Mean 

Two 14 0.633 -0.8000 A 
Four 15 0.916 -0.4667 A B 
One 14 0.966 0.0000 B c 
Three 11 0.916 0.3750 c 

51 -



Arc or output order, but were typically reliably different 

from Conditions 1 and 3. 

Number of Sentences Recalled 

Figure 1 shows the mean number of sentences recalled by 

each grade as a function of condition for Trial 2. There 

was a total of 19 sentences presented in the story. A 

figure for Trial 1 is not shown because there was a reliable 

difference only for grade on Trial 1, and there was a 

reliable difference only for grade across trials. Figure 1 

shows that adults recalled more sentences than did second-

graders who recalled more sentences than did kindergartners. 

Adults in Condition 3 recalled more sentences than ~id 

adults in the other conditions, except for those in 

Condition 5. 

A Repeated Measures Analysis of Variance on NSR yielded 

a reliable effect only for grade (p<.0001). An Analysis of 

Variance {ANOVA) for Trial 1 also yielded a reliable effect 

only for grade {p<.0001). An ANOVA for Trial 2 yielded a 

reliable effect for grade {p<.0001) and grade by condition 

{p<.05), but not for condition {Table 5). A Duncan's 

Multiple Range Test {DMRT) showed that all grades differed 

reliably from each other on number of sentences recalled and 

that, for adults, Condition 3 differed reliably 
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grade as a function of condition for Trial 2. 
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Table 5 

Analysis of Variance on Number of Sentences Recalled 

for Grade and Condition for Trial 2 

Source df SS F 

Grade 2 3319.18 189.68* 

Condition 4 25.93 0.74 

Grade x Condition 8 137.74 1.97+ 

*p< .0001 +p< .05 

Table SA 

Duncan's Multiple Range Test on Number of Sentences Recalled 

for Grade and for Adults by Condition for Trial 2 

Grade 

Second Grade 
Kindergarten 
Adult 

Adults 

Condition 
Two 
Four 
One 
Five 
Three 

N 
13 
18 
18 
12 
20 

N 

41 
56 
81 

STD 

3.82 
2.84 
2.67 

STD 
2.47 
2.46 
3.22 
2.91 
1.63 

Mean 

7.39 B 
2.84 A 

12.77 c 
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11.62 A 
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12.61 A 
12.50 AB 
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from all other conditions except for Condition 5 (Table SA). 

In summary, adults recalled more sentences than did 

second-graders, who recalled more sentences than did 

kindergartners. Furthermore, adults in Condition 3 

(Invalidation Condition) recalled more sentences than those 

in the other conditions save Condition 5 (Free Recall 

Condition). This later finding is similar to one reported 

by Hasher and Griffin (1978). 

Note that in the DMRT tables, those groups with 

different letters have reliably different means and those 

with the same letters do not have reliably different means. 

Moreover, sex as a factor turned out to be unreliable for 

all of the dependent measures and was thus omitted from the 

analysis. 

Percentage of Story Units Accurately Recalled 

Figure 2 shows the mean percentage of the number of 

story units accurately recalled divided by the total number 

of story units recalled (SATR) for kindergartners, second-

graders and adults as a function of condition for Trial 2. 

A figure for Trial 1 is not shown because there was a 

reliable difference only for grade on Trial 1, and there was 

reliable difference only for grade across trials. Figure 2 

shows that for the first two conditions, adults recalled 
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proportionally more story units accurately than did second-

graders and kindergartners, who did not differ reliably from 

each other. For Condition 3, kindergartners recalled 

proportionally fewer story units accurately ·than did second-

graders, who recalled proportionally fewer story units 

accurately than did adults. For Conditions 4 and 5, 

kindergartners recalled fewer story units than did second-

graders and adults, who did not differ from each other. 

A similar pattern of results was obtained for the mean 

percentage of the number of story units accurately recalled 

divided by the number of story units presented (SATP). 

Figure 3 shows the mean percentage of the number of story 

units accurately recalled divided by the total number of 

story units presented for kindergartners, second-graders and 

adults as a function of condition for Trial 2. The only 

real difference between this graph and the one presented in 

Figure 2 is that, for Conditions 1 and 2, kindergartners 

recalled proportionally fewer story units accurately than 

did second-graders. 

A Repeated Measures Multivariate Analysis of Variance 

was performed on SATP and SATR. This analysis yielded a 

reliable effect only for grade (p<.0001}. A Multivariate 

Analysis of Variance (MANOVA} for Trial 1 and for Trial 2 
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also yielded reliable effects only for grade (p<.0001) 

(Table G). A DMRT for grade on SATR showed that, on the 

average, adults recalled more story units accurately than 

did second-graders and kindergartners who did not differ 

reliably from each other (Table GA). A DMRT for grade 

within each condition on SATR showed that for the 

reproductive-reproductive condition (Condition 1), adults 

recalled reliably more story units accurately than did 

second-graders and kindergartners, who did not differ 

reliably from each other (Table GA). For the 

reconstructive-reproductive condition (Condition 2), adults 

recalled reliably more story units accurately than did 

second-graders and neither group differed reliably from 

kindergartners (Table GA). For the invalidation condition 

(Condition 3), a DMRT showed that adults recalled reliably 

more story units accurately than did kindergartners and that 

neither group differed reliably from second-graders (Table 

GA). A DMRT for Conditions 4 (null-reproductive) and 5 

(free recall) did not yield a reliable difference between 

any of the grades (Table GA). 

In summary, the important finding here is that recall 

accuracy for the second-graders improved as a function of 

the decreasing demands of the retrieval situation relative 
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Table 6 

Multivariate Analysis of Variance on SATP and SATR 

for Trial 2 

Source df 

Grade 4 

Condition 8 

Grade x Condition 8 

*p< .0001 

Hotellings T 

0.48281 

0.05360 

0.09203 
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Approximate F 

16.41557* 

0.91116 

0.78228 



Table 6A 

Duncan's Multiple Range Test on SATR for Grade and 

Condition by Grade for Trial 2 

Grade N STD Mean 

Kindergarten 40 18.616 43.225 A 
Second Grade 35 14.573 47.086 A 
Adult 78 9.625 56.218 B 

Condition 1 

Grade N STD Mean 

Kindergarten 10 19.811 40.300 A 
Second Grade 7 15.076 41.429 A 
Adults 17 7.822 56.059 B 

Condition 2 

Grade N STD Mean 

Second Grade 8 9.942 39.375 A 
Kindergarten 8 25.900 41.750 AB 
Adult 13 12.835 56.077 B 

Condition 3 

Grade N STD Mean 

Second Grade 9 14.116 51.333 AB 
Kindergarten 6 13.512 44.833 A 
Adult 21 10.515 58.476 B 
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Table 6A (Cont.) 

Condition 4 

Grade N STD Mean 

Kindergarten 6 22.599 46.500 A 
Second Grade 5 16.288 53.600 A 
Adult 18 7.965 55.833 A 

Condition 5 

Grade N STD Mean 

Kindergarten 10 13.435 44.400 A 
Second Grade 6 16.005 52.167 A 
Adult 9 8.899 52.222 A 
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to adults. Specifically, for Conditions 1 and 2, second-

graders showed poorer recall accuracy than did adults. 

However, the second-graders recall accuracy improved 

relative to adults such that for Condition 5 their mean 

percent accuracy scores were both 52% (Table 6A}. 

Form of the Recall Protocol 

Figure 4 shows the mean adjusted ratio of clustering 

(ARC) for kindergartners, second-graders and adults as a 

function of condition for Trial 1. An ARC of positive 1 

indicates that subjects reported all the story units they 

could remember about Waldo first and those about Emily 

second, that is' the protocol was perfectly canonical. An 

ARC of negative 1 indicates that the subjects alternated 

between reporting the story units about Waldo and Emily, 

that is the protocol was perfectly interleaved. Figure 4 

shows that each grade had a lower mean ARC for Condition 1 

than for Condition 3. Mean ARC scores for kindergartners 

were lower for all conditions than those of second-graders 

and adults. Mean ARC scores for second-graders were 

positive for all conditions. The mean ARC score for adults 

in Condition 1 was negative, whereas they were more positive 

than those of kindergartners and second-graders for 

Conditions 2 and 3. 
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each grade as a function of condition for Trial 1. 
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Figure 5 shows mean ARC scores for kindergartners, 

second-graders and adults as a function of condition for 

Trial 2. Note, in order to make this figure easier to 

understand, one was added to each mean ARC score so that all 

the scores would be positive. Kindergartners, second-

graders and adults all have low mean ARC scores, in that the 

scores are lower on the average than the mean ARC scores 

exhibited on Trial 1. Moreover, the mean ARC scores for 

adults in Conditions 1 through 4 are not different from each 

other and are considerably lower than the mean ARC score for 

those adults in Condition 5. 

Figure 6 shows mean Spearman's rank order scores 

transformed to z scores (Output Order) for each grade as a 

function of condition for Trial 1. An output order score of 

3.00 indicates that the subjects alternated between 

reporting the story units about Waldo and Emily, that is the 

protocol was perfectly interleaved. An output order score 

of 0.00 indicates that the subjects recalled the story units 

in random order with respect to the presented story. Figure 

6 shows that for each grade, Condition 3 produced the lowest 

mean output order scores for all groups, and that for adults 

and second-graders, Condition 1 produced the highest mean 

output order scores. Note that this the inverse of the 
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similar finding for ARC indicating that the two measures 

were complimenting each other. That is when the Arc scores 

are high and the output order scores are low, the recall 

protocol is relatively canonical. Conversely, when the Arc 

scores are low and the output order scores are high, the 

recall protocol is relatively interleaved. 

Figure 7 shows mean output order scores for each grade 

as a function of condition for Trial 2. Adults had higher 

mean output order scores across conditions than did second-

graders, who had higher mean output order scores than did 

kindergartners, except for Condition 4. 

A Repeated Measures MANOVA for ARC and output order 

yielded a reliable effect for grade (p<.007), condition 

(p<.0001), trial (p<.003), Grade x Condition (p<.005), Grade 

x Trial (p<.0001) and Condition x Trial (p<.001) and an 

unreliable effect for Grade x Condition x Trial (p<.402). A 

DMRT on ARC for adults on each condition across trials 

showed that adults had reliably higher mean ARC scores on 

Trial 1 than on Trial 2 for Conditions 2 and 3. Condition 1 

did not produce a reliable difference between the trials for 

adults. A DMRT for output order yielded complimentary 

results to those for ARC (Table 7). A DMRT on ARC for 

second-graders on each condition across trials showed that 
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Table 7 

Duncan's Multiple Range Test on ARC and Output Order 

Across Trials 

Mean ARC Scores for Adults on Trials 1 and 2 

Condition N STD Trial 1 STD Trial 2 

One 18 0.442 -0.347 0.425 -0.352 
Two 13 0.341 0.775 0.490 -0.246 * 
Three 21 0.103 0.968 0.541 -0.394 * 
Mean Output Order Scores for Adults on Trials 1 and 2 

Condition N STD Trial 1 STD Trial 2 

One 18 0.593 2.139 0.543 1.999 
Two 13 0.855 0.780 0.565 2.168 * 
Three 21 0.262 0.637 0.486 1.837 * 
Mean Arc Scores for Second-Graders on Trials 1 and 2 

Condition N STD Trial 1 STD Trial 2 

One 8 0.439 0.351 0.511 0.129 
Two 9 0.679 0.388 0.700 -0.027 
Three 9 0.771 0.587 0.474 -0.286 * 
Mean Output Order Scores for Second-Graders on Trials 1 and 

Condition N STD Trial 1 STD Trial 2 

One 8 0.856 1.474 0.866 1.381 
Two 9 1.030 1.076 0.914 1.610 
Three 9 0.827 0.352 0.791 1.205 * 
* Denotes that the means for the two trials are reliably 

different from each other within that condition. 
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second-graders had reliably higher mean ARC scores on Trial 

1 than on Trial 2 for Condition 3. The other two conditions 

did not yield a reliable difference between trials. Again, 

a DMRT for output order produced complimentary results to 

those for ARC (Table 7). A DMRT for ARC and for output 

order did not yield any reliable differences between trials 

in any condition for kindergartners. 

A MANOVA for Trial 1 yielded a reliable effect for 

grade (p<.0001), condition (p<.0001) and Grade x Condition 

(p<.002) (Table S). A DMRT for grade on ARC showed that 

kindergartners had lower ARC scores than di'd second-graders 

and adults who did not.differ from each other (Table SA). A 

DMRT for condition on ARC showed that scores for Condition 1 

were lower than those for Conditions 2 and 3, which were not 

different from each other (Table SA). A DMRT for adults on 

ARC revealed that Condition 1 was different from Conditions 

2 and 3, which were not different from each other (Table 

SA). A DMRT on ARC for kindergartners and second-graders 

did not reveal any reliable differences across conditions. 

A DMRT for grade on output order did not produced any . 
reliable differences across conditions. A DMRT for 

condition on output order showed that Condition 1 produced 

higher output order scores than did Condition 2, which 
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Table 8 

Multivariate Analysis of Variance on ARC and Output Order 

for Trial 1 

Source df Hotellings T Approximate F 

Grade 4 0.28249 5.93237* 

Condition 4 0.64169 13.64169* 

Grade x Condition 8 0.32573 3.42022+ 

*p<. 0001 +p< .001 

Table SA 

Duncan's Multiple Range Test on ARC for Grade, Condition and 

Grade 

Kindergarten 
Second Grade 
Adult 

Condition 

One 
Two 
Three 

Adults 

Condition 

One 
Two 
Three 

Adults by Condition for Trial 1 

N 

17 
26 
42 

N 

33 
25 
37 

N 

18 
13 
21 

STD 

0.885 
0.635 
0.677 

STD 

0.601 
0.675 
0.634 

STD 

0.442 
0.341 
0.103 

Mean 

-0.2076 A 
0.4454 B 
0.4644 B 

Mean 

-0.1979 A 
0.5028 B 
0.9676 .B 

Mean 

-0.3472 A 
0.7754 B 
0.9676 B 
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Table SB 

Duncan's Multiple Range Test on Output Order for Condition, 

and Adults and Second-Graders by Condition for Trial 1 

Condition N STD Mean 

Three 21 0.786 0.6353 A 
Two 13 1.123 1.2330 B 
One 18 1.195 1.8046 c 
Second-Graders 

Condition N STD Mean 

Three 8 0.827 0.3522 A 
Two 9 1.035 1.0756 AB 
One 9 0.856 1.4740 B 

Adults 

Condition N STD Mean 

Three 21 0.262 0.6367 A 
Two 13 0.855 0.7800 A 
One 18 0.593 2.1389 B 
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produced higher output order scores than did Condition 3 

(Table SB). Note that this is the inverse of the similar 

analysis for ARC. A DMRT for condition on output order for 

adults showed that Condition 1 differed reliably from 

Conditions 2 and 3, which did not differ reliably from each 

other. A DMRT for condition on output order for second-

graders yielded a reliable difference between Conditions 1 

and 3, and neither condition differed reliably from 

Condition 2. Kindergartners did not differ reliably between 

any of the conditions. See Table SB for a summary of these 

results. 

A MANOVA for Trial 2 yielded a reliable effect only for 

grade (p<.0001) (Table 9). A DMRT for grade on ARC revealed 

that adults and second-graders were reliably different from 

each other but neither was different from kindergartners 

(Table 9A). A DMRT for grade on output order revealed that 

adults had higher output order scores than did second-

graders, who had higher output order scores than did 

kindergartners (Table 9B). 

In general these data indicate that for the most part 

adults followed the most recent recall instructions and 

showed little effect of initial recall on subsequent recall. 

Second-graders showed an effect of initial recall on 
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Table 9 

Multivariate Analysis of Variance on ARC and Output Order 

for Trial 2 

Source df Hotellings T Approximate F 

Grade 4 0.26881 8.60198* 

Condition 8 0.06337 1.01398 

Grade x Condition 16 0.18154 1.45230 

*p<.0001 

Table 9A 

Duncan's Multiple Range Test on ARC for Grade 

and Adults by Condition for Trial 2 

Grade N STD Mean 

Adults 82 0.518 -0.2504 A 
Kindergarten 26 0.770 -0.0927 AB 
Second Grade 37 0.567 -0.0065 B 

Adults 

Condition N STD Mean 

One 18 0.425 -0.352 A 
Two 13 0.490 -0.246 A 

·Three 21 0.541 -0.394 A 
Four 18 0.365 -0.326 A 
Five 12 0.585 0.263 B 
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Table 9B 

Duncan's Multiple Range Test on Output Order for Grade 

Grade N 

Kindergarten 26 
Second Grade 37 
Adult 82 

for Trial 2 

STD 

1.954 
0.934 
0.573 

76 

Mean 

0.6943 A 
1.3871 B 
1.9485 c 



subsequent recall in that there was no difference in the 

mean ARC scores and output order scores between Trials 1 and 

2. However, Condition 3 (Invalidation Condition) yielded a 

difference between trials for these measures which indicates 

that the invalidation procedure mitigated the effects of 

Trial 1 on Trial 2 for the second-graders and further 

indicates that they understood the recall instructions. 

Interestingly, the mean ARC score for adults in Condition 5 

indicates that when left to their own devices, they tended 

to repair the story to fit a canonical form. This finding 

is similar to that reported by Mandler (1978). 

Inaccuracies in the Recall Protocol 

Figure 8 shows mean number of theme-relevant 

elaborations divided by the number of sentences recalled for 

kindergartners, second-graders and adults as a function of 

condition for Trial 1. Adults made more theme-relevant 

elaborations per sentence than did second-graders, who made 

more theme-relevant elaborations per sentence than did 

kindergartners. Figure 9 shows mean number of theme-

irrelevant elaborations divided by the number of sentences 

recalled for each grade as a function of condition for Trial 

1. The graph shows that in general adults and second-

graders were not different from each other and both made 

77 



:.. 

r-

_J 4.0 
<( 

3.8 en a:: IJ KINDERGARTEN ZI- 3.6 oa:: T 

t-o 3.4 
• SECOND GRADE <( IJ.. a:: 3.2 Oo 
~ADULT - l'D w 3.0 _J _J 

W_J 
I-<( 2.8 zu <(w 2.6 > et: 
w (/) 2.4 _Jw 
W() 2.2 er z 
wW 2.0 
~t-wZ 1.8 IW 
I- (/) 1.6 
LL IJ.. 
00 1.4 
ct et: -i 2 w w . 
mm· 
~ ~ 1.0 
:J::J 8 z z . 
z>- . 6 
~m .4 
~~ .2 0 

> 0 
0 1 2 3 

CONDmON 
Figure 8: The mean number of theme-relevant elaborations 

divided by the number of sentences recalled for 
each grade as a function of condition for Trial 1. 

78 



·-

~ 

_J 4;0 
(/) < 3.8 z~ IJ KINDERGARTEN 01- 3.6 
~~ 

3.4 • SECOND GRADE 
~o 
0 LL 
CDo 3.2 

~ADULT 5w 3.0 w_J 
_J 

1-< 2.8 zO w 2.6 ~ a:: 
w (/) 2.4 Ldw o::o 2.2 a:: z -w 2.0 wl-
~z 1.8 WW 
I (I) 1.6 I- LL. 
LL 0 1.4 
0 a:: 1.2 a:: w 
Wm 1.0 en~ 
~ ::> .8 ::> z 
Z)- .6 
zm .4 
~o 
~~ .2 

> 0 
0 1 2 3 

CONDITION 

Figure 9: The mean number of theme-irrelevant elaborations 
divided by the number of sentences recalled for 
each grade as a function of condition for Trial 1. 

7J 



more theme-irrelevant elaborations per sentence than did 

kindergartners. Figure 10 shows mean number of 

substitutions divided by the number of sentences recalled 

for each grade as a function of condition for Trial 1. 

Second-graders made more substitutions per sentence than did 

kindergartners and adults, who were not different from each 

other. Figure 11 shows mean number of distortions divided 

by the number of sentences recalled for each grade as a 

function of condition for Trial 1. The graph shows that 

adults made fewer distortions per sentence than did second-

graders and kindergartners, who did not differ from each 

other. 

Figure 12 shows mean number of theme-relevant 

elaborations divided by the number of sentences recalled for 

each grade as a function of condition for Trial 2. Adults 

made more theme-relevant elaborations per sentence than did 

second-graders, who made more theme-relevant elaborations 

per sentence than did kindergartners. Figure 13 shows mean 

number of theme-irrelevant elaboration divided by the number 

of sentences recalled for each grade as a function of 

condition for Trial 2. This graph shows that none of the 

grades were different from each other across condition. 

This graph also shows that the subjects in Condition 2 made 
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more theme-irrelevant elaborations per sentence than those 

subjects in the other conditions. Figure 14 shows mean 

number of substitutions divided by the number of sentences 

recalled for each grade as a function of condition for Trial 

2. In general, adults made fewer substitutions per sentence 

than did second-graders and kindergartners, who did not 

differ from each other. Figure 15 shows mean number of 

distortions divided by the number of sentences recalled for 

each grade as a function of condition for Trial 2. This 

graph reveals that adults made fewer distortions per 

sentence than did kindergartners and second-graders, who did 

not differ from each other; 

A Repeated Measures Manova for theme-relevant 

elaborations, theme-irrelevant elaborations, substitutions 

and distortions yielded a reliable effect for grade 

(p<.0001) and condition (p<.006). A Manova for Trial 1 

yielded a reliable effect only for grade (p<.0001) (Table 

10). A DMRT for theme-relevant elaborations revealed that 

adults made reliably more theme-relevant elaborations per 

sentence than did second-graders and kindergartners, who did 

not differ reliably from each other (Table 10A). A DMRT for 

theme-irrelevant elaborations revealed that second-graders 

made reliably more theme-irrelevant elaborations per 
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Table 10 

Multivariate Analysis of Variance on 

Recall Protocol Inaccuracies for Trial 1 

Source df Hotellings T Approximate F 

Grade 8 0.55206 5.79666* 

Condition 8 0.15459 1.62316 

Grade x Condition 16 

*p<.0001 

0.20535 
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Table 10A 

Duncan's Multiple Range Test on each Recall Inaccuracy 

Measure for Grade for Trial 1 

Theme-Relevant Elaborations 

Grade N 

Kindergarten 23 
Second Grade 25 
Adults 49 

STD 

1.216 
1.360 
1.163 

Theme-Irrelevant Elaborations 

Grade N 

Kindergarten 23 
Adults 49 
Second Grade 25 

Substitutions 

Grade N 

Kindergarten 23 
Adults 49 
Second Grade 25 

Distortions 

Grade N 

Adults 49 
Kindergarten 23 
Second Grade 25 

STD 

0.387 
1.007 
0.621 

STD 

1.042 
0.567 
0.891 

STD 

0.230 
0.641 
0.807 

89 

Mean 

1.1507 A 
1.8389 A 
2.4588 B 

Mean 

0.1322 A 
0.4412 A B 
0.5932 B 

Mean 

1.2283 A 
1.5438 A 
1.9728 B 

Mean 

0.2740 A 
0.6153 B 
0.7391 B 



sentence than did kindergartners and that neither differed 

reliably from adults (Table 10A). A DMRT for substitutions 

revealed that second-graders made reliably more 

substitutions per sentence than did kindergartners and 

adults, who did not differ reliably from each other (Table 

10A). A DMRT for distortions revealed that adults made 

reliably fewer distortions per sentence than did second-

graders and kindergartners, who did not differ from each 

other (Table 10A). 

A Manova for Trial 2 yielded a reliable effect only for 

grade (p<.0001) (Table 11). A DMRT for theme-relevant 

elaborations revealed that adults made reliably more 

elaborations per sentence than did second-graders, who made 

reliably more elaborations than did kindergartners (Table 

llA). A DMRT for theme-irrelevant elaborations revealed 

that none of the three grades differed reliably from each 

other. However, unlike the other measures of protocol 

inaccuracies, there was a reliable difference for theme-

irrelevant elaborations across conditions. A DMRT revealed 

that subjects in Condition 2 (reconstructive-reproductive) 

made reliably more theme-irrelevant elaborations per 

sentence than did the subjects in the other conditions 

(Table llB). Further analysis showed that this effect was 
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Table 11 

Multivariate Analysis of Variance on 

Recall Protocol Inaccuracies for Trial 2 

Source df Hotellings T Approximate F 

Grade 8 0.53772 8.87237* 

Condition 16 0.17961 1.47613 

Grade x Condition 32 0.20379 0.84667 

*p< .0001 

Table llA 

Duncan's Multiple Range Test on Theme-Relevant Elaborations, 

Substitutions and Distortions for Grade for Trial 2 

Theme-Relevant Elaborations 

Grade 

Kindergarten 
Second Grade 
Adults 

Substitutions 

Grade 

Adults 
Kindergarten 
Second Grade 

Distortions 

Grade 

Adults 
Second Grade 
Kindergarten 

N 

40 
35 
76 

N 

76 
40 
25 

N 

76 
35 
40 

STD 

1.304 
0.979 
1.217 

STD 

0.410 
1.223 
0.780 

STD 

0.265 
0.543 
0.642 

Mean 

1.1276 A 
2.0126 B 
2.1120 c 

Mean 

1.3134 A 
1.5879 A B 
1.7683 B 

Mean 

0.3624 A 
0.6092 B 
0.7604 B 
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Table llB 

Duncan's Multiple Range Test on Theme-Irrelevant 

Elaborations for Condition for Trial 2 

Condition N STD Mean 

Three 35 0.359 0.2317 A 
Five 25 0.574 0.3652 A 
One 33 0.572 0.3947 A 
Four 29 0.590 0.4015 A 
Two 29 1.552 0.9938 B 
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due to the data from the adults and second-graders. A DMRT 

for substitutions revealed that adults made fewer 

substitutions per sentence than did second-graders and that 

neither differed reliably from kindergartners {Table llA). 

A DMRT for distortions revealed that· adults made reliably 

fewer distortions per sentence than did second-graders and 

kindergartners, who did not differ reliably from each other 

{Table llA). 

The important finding among the results reported in 

this section is that the subjects in Condition 2 

{Reconstructive-Reproductive Condition) made reliably more 

theme-irrelevant elaborations than did the subjects in the 

other conditions on Trial 2. This suggests that, for 

Condition 2, retrieving the story during Trial 1 had a 

subsequent effect on retrieving the story during Trial 2. 

Further, since the subjects in Condition 3 made the same 

number of theme-irrelevant elaborations as those subjects in 

Conditions 1, 4 and 5, the invalidation procedure appears to 

have mitigated the effects of recalling the story 

reconstructively on subsequent reproductive recall. 

Inferences 

Figure 16 shows mean number of correct inferences for 

each grade as a function of condition. The figure shows 
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that adults made more correct inferences than did second-

graders, who made more correct inferences than did 

kindergartners across conditions. 

An Anova for inferences yielded a reliable effect only 

for grade (p<.0001) (Table 12). A DMRT for grade revealed 

that adults made reliably more inferences than did second-

graders, who made reliably more inferences than did 

kindergartners (Table 12A). 

Summary of Findings 

These data demonstrate an effect of the invalidation 

condition in adults through their recalling more sentences 

in that condition then in any other save the free recall 

condition. An effect of the invalidation condition was also 

demonstrated for the data on recall protocol form and 

inaccuracy for second-graders and adults. Adults 

demonstrated a reliable difference between Trials 1 and 2 in 

their mean ARC and output order scores for Conditions 2 and 

3. Second-graders showed the same effect for Condition 3 

only. For recall inaccuracy, more theme-irrelevant 

elaborations per sentence were made in Condition 2 than were 

made in any other condition, whereas the number of those 

made in Condition 3 was not different from the number of 

those made in Conditions 1, 4 and 5. 
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Table 12 

Analysis of Variance on Inferences 

Source df SS F 

Grade 2 116.347 55.117* 

Condition 4 6.340 1.502 

Grade x Condition 8 4.344 .514 

*p< .0001 

Table 12A 

Duncan's Multiple Range Test on Inferences for Grade 

Grade N 

Kindergarten 57 
Second Grade 41 
Adults 82 

STD 

1.322 
0.986 
0.770 

Mean 

1.5789 A 
2.6829 B 
3.4268 c 
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In addition, second-graders demonstrated an improvement 

in recall accuracy as a function of the decreasing demands 

of the retrieval situation, such that by Condition 5 (Free 

Recall) second-graders and adults accurately recalled 52% of 

the total story units recalled. Finally, mean ARC scores 

for adults in Condition 5 indicate that adults tended- to 

repair the story to fit a canonical form. This finding is 

similar to that reported by Mandler (1978). 
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Discussion 

The discussion of the results will be limited to the 

data concerning second-graders and adults. The data for 

kindergartners is omitted because the mean number of 

sentences recalled by this group was 2.8, with a standard 

deviation of 2.5 sentences. As a result the story form 

measures were uninterpretable, because so few of them could 

be calculated. In fact, in some cases, after selecting out 

those subjects whose story form measures could not be 

calculated, the number of subjects left for the analysis was 

three. Moreover, because many cases from the kindergartners 

had to be omitted from the analysis due to a complete lack 

of recall, the measures of recall inaccuracies also suffered 

from selection. Despite these shortcomings, the data for 

the kindergartners were left in the analysis and reported in 

the results section to provide a lower limit comparison 

group for the second-graders, albe.i t a highly select 

comparison group of kindergartners. Although, as Bathurst 

and Gottfried (1987) point out, untestable subjects may 

provide information about developmental capabilities which 

would allow for the classification of subjects into groups 

along developmental criteria and not along arbitrary age 

groupings. In this light, the so called select group of 



kindergartners along the age criteria may be a 

representative sample along a more appropriate yet 

undisclosed developmental criteria. 

The discussion of the results presented in this study 

consists of four sections. The first section discusses 

those results which replicate previous findings from the 

literature. The second section provides an interpretation 

·of the invalidation procedure. Included in this section are 

the data on number of sentences recalled, story unit 

accuracy, ARC, output order and theme-irrelevant 

elaborations. The third section discusses the similarities 

and differences between the results obtained for adults and 

second-graders. Finally, the discussion concludes with a 

summary of the important findings and with an interpretation 

of these results based on Schmidt's and Schmidt's {1986, in 

preparation) concept of retrieval plan. 

Results which Replicate Previous Studies 

As reported in the introduction, if the logical 

organization of stories is violated in scrambled and 

interleaved stories, subjects tend to reorder the stories in 

recall according to a canonical form {Glenn, 1978: Mandler, 

1978: Mandler & Deforest, 1979: Stein & Nezworski, 1978). 

In this study, mean ARC scores for adults in the null-free 
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recall condition (Condition S) showed that they preferred to 

recall the interleaved story in its canonical form. 

Similarly, second-graders tended to reorder the stories in 

recall according to canonical form. Moreover, they had more 

difficulty than adults in recalling the story in interleaved 

form as evidenced by Figure 4, a finding which replicates 

Mandler and Deforest (1979). In short, the results from the 

story form data for Trial 1 and for Conditions 4 and 5 

replicate those of previous studies concerning story form 

manipulations. 

Interpretation of the Invalidation Procedure 

The results for adults in the invalidation procedure 

replicated those reported by Hasher and Griffin (1978). In 

the present study, adult subjects who had their original 

recall instructions invalidated remembered significantly 

more sentences than those who did not. Similarly, in the 

Hasher and Griffin (1978) study, adult subjects who had 

their original theme invalidated recalled the story more 

accurately than those who did not. Moreover, the results 

from the invalidation procedure showed that the form of the 

recall for second-graders on Trial 2 was significantly more 

interleaved than that of the form of recall on Trial 1 

(Table 7). In comparison, the results from the 
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reconstructive-reproductive condition showed that the form 

of recall did not change significantly across trials. These 

results demonstrate an effect of the invalidation procedure 

for second-graders in enhancing their ability to recall the 

story in interleaved form. 

For adults, the increase in the number of sentences 

recalled was most likely not a result of the subjects in the 

invalidation condition receiving more retrieval cues than 

those subjects in the other conditions. Adults in the 

condition which received free recall instructions recalled 

as many sentences as those that had their original set of 

recall instructions invalidated. This finding suggests that 

the augmented retrieval of the invalidation group related to 

the reconstructive-reproductive group was not a result of 

more retrieval cues. The data from the form of the adults' 

recall also suggest that the adults were following the 

instructions provided them at retrieval. Thus the 

invalidation procedure did not result in the adults 

disregarding the instructions. Together these data suggest 

that the invalidation procedure resulted in an increased 

effort to recall the originally presented information. A 

similar conclusion was reached by Hasher & Griffin {1978) 

and by Hasher, Attig and Alba {1981), however, these authors 
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could not make a strong case for this conclusion because 

their designs lacked a free-recall control group. 

Similarly, the data for story unit accuracy exhibited 

by second-grade children provides support for the contention 

that an increased effort to recover the information resulted 

in enhanced recall accuracy. Specifically, the recall 

protocol of the second-graders showed an accuracy that was 

statistically equal to that of the adults' protocol for the 

free-recall, null-reproductive and invalidation conditions 

on Trial 2. In all the other conditions, the recall 

protocol of the second-graders was significantly less 

accurate than that of the adults. The fact that improved 

recall for second-graders occurred for these conditions and 

not for the reproductive-reproductive or reconstructive-

reproductive conditions suggests that the enhanced recall 

was not a result of more retrieval cues, but a result of an 

increased effort to recover the information. Therefore, as 

for adults, the invalidation condition most likely produced 

improved recall as a result of inducing the subjects to 

disregard the most easily accessible retrieval plan, the 

reconstructive retrieval plan developed during initial 

recall, in favor of the less accessible reproductive 

retrieval plan. Forced to use another retrieval plan, the 
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subjects were able to recall information apparently 

inaccessible to subjects who were not forced to switch 

retrieval plans. 

One of the principle findings of this study was that 

subjects in the reconstructive-reproductive condition 

(Condition 2) made reliably more theme-irrelevant 

elaborations per sentence for Trial 2 than did the subjects 

in the other conditions for that trial. This finding 

suggests that retrieving the interleaved story in canonical 

form on Trial 1 interfered with the subjects' ability to 

retrieve accurately the story in interleaved form on Trial 

2. Thus, when the subjects were asked to recall the 

interleaved version of the story, the canonical information 

interfered with the interleaved information to produce less 

accurate recall of the interleaved information. 

This conclusion is further supported by the fact that 

the subjects in the reconatructive-invalidation-reproductive 

condition (Condition 3) made reliably fewer theme-irrelevant 

elaborations on Trial 2 than those subjects in the 

reconstructive-reproductive condition (Condition 2). 

Moreover, the number of theme-irrelevant elaboration made by 

those subjects in the invalidation condition was not 

statistically different from the number of theme-irrelevant 
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elaborations made by those subjects in the reproductive-

reproductive condition (Condition 1), the null-reproductive 

condition (Condition 4) and the null-free recall condition 

(Condition 5). 

In summary, these data suggest that the initial recall 

of information actively interferes with the subsequent 

recall of the information. However given appropriate 

retrieval cues the effect of initial recall on subsequent 

recall can be mitigated. This is an important finding which 

speaks to the utility of the invalidation procedure as a 

necessary control group in separating out the effects due to 

storage deficits from those due to the demands of the task 

environment. It is important to note that the invalidation 

procedure used in this study was not a mere replication of 

that used by Hasher and Griffin (1978), was rather an 

extension of their procedure. The data from the adult 

subjects who had their original recall instructions 

invalidated replicated the data of the adult subjects in the 

Hasher and Griffin (1978) study who had their original theme 

invalidated. Thus the scope of the invalidation pro~edure 

does not appear to be limited to studies involving the 

invalidation of story themes. More importantly, the . 

invalidation procedure produced robust effects for second-
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grade children which points to its utility in studies 

investigating the developmental trends in retrieval plan 

usage. 

Differences Between Adults and Second-Graders 

The purpose of this study was to assess, 

developmentally, the effects of retrieval on memory for 

prose. Second-graders were predicted to show a strong 

effect of initial recall experience on subsequent recall. 

Primary support for this hypothesis was cited in the 

findings of Ackerman & Rathburn (1984). For the 

reconstructive-reproductive condition (Condition 2), second-

graders did show a strong effect ·of initial recall 

experience on subsequent recall. Mean ARC and output order 

scores for the second-graders in Condition 2 did not differ 

across trials (Table 7). Second-graders in Condition 2 made 

more theme-irrelevant elaborations per sentence than did the 

second-graders in the other conditions (Figure 13). These 

data suggest that the recall experience of Trial 1 affected 

the recall of the story on Trial 2. Moreover, these data 

follow from the results of Ackerman and Rathburn (1984), as 

a similar finding was reported by these authors for the 

effects of initial recognition experience on subsequent 

recognition tasks in second-graders. However, the . 
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reconstructive-invalidation-reproductive condition served to 

mitigate these effects. In addition, the reconstructive-

invalidation-reproductive condition facilitated recall 

accuracy of the second-graders. 

In contrast to the second-graders, adults were 

predicted to be less affected by retrieval experience 

because they posses the ability to recall canonical and 

interleaved stories, even though they prefer canonical 

recall over interleaved {Mandler & Deforest, 1979). For the 

most part, this prediction held. Adults did not show an 

effect of initial recall on subsequent recall for the data 

on recall protocol form {Table 7). However, like the 

second-graders, they made reliably more theme-irrelevant 

elaborations per sentence in Condition 2 than did the adults 

in any of the other conditions. Although story unit 

accuracy was not affected by the invalidation procedure, 

adults recalled more sentences in Condition 3 than in any 

other condition. Again, these data suggest an effect of 

initial recall on subsequent recall. 

In summary, second-graders and adults showed an effect 

of initial recall on subsequent recall as evidenced by the 

data on number of theme-irrelevant elaborations made per 

sentence. This was the only finding common to both age 
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groups. Second-graders also showed an effect of initial 

recall on subsequent recall for the data on recall protocol 

form and story unit accuracy. Though adults did not show 

these effects, they did show an effect for number of 

sentences recalled. 

Perhaps the most interesting finding was that for both 

groups the invalidation procedure served to mitigate the 

effects of initial recall on subsequent recall. This 

procedure significantly reduced the number of theme-

irrelevant elaborations made by both age groups. This 

procedure resulted in the second-graders being able to 

recall the story in interleaved form (Figure S) and 

augmented their story unit accuracy relative to those 

subjects in Condition 2. Adults increased the relative 

number of sentences they could recall. 

Conclusion 

As discussed in the introduction concerning the 

perspective/theme switching studies, the data provided by 

these studies do not allow for the independent assessment of 

what the subjects are actually encoding. As a result, this 

study used a form switching procedure in the hopes of 

manipulating the encoding process. However, as the data 

from this study suggest, the retrieval situation appeared to 
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determine whether the recall protocol would be interleaved or 

canonical and did not appear to automatically induce the 

integration and reorganization of the memory for the story 

through an assimilative process. 

The best explanation for the findings of this study 

comes from the work of Schmidt and Schmidt (in preparation). 

Schmidt and Schmidt {in preparation) posit that the recall a 

subject emits is influenced by a retrieval plan. These 

authors argue that retrieval plans summarize the structures 

and retrieval processes which will be used during story 

reconstruction. According to these authors, one of the 

sources from which a retrieval plan can be generated is 

through the retrieval context. Schmidt and Schmidt (in 

preparation) thus predict that the retrieval context should 

have its most powerful impact when no memory plan is 

generated during encoding or when limited and inappropriate 

retrieval plans are available to the subject. 

The results from this study support this argument in 

that the invalidation condition in effect rendered the 

retrieval p~an develop during Trial 1 inappropriate to the 

task of retrieving the story during Trial 2 for the second-

graders. Specifically, on recall Trial 2 the adults 

continued to use the experimenter provided cues for story 
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form recall. However, the second-graders did so only after 

they had their original set of instructions invalidated. 

This suggests that the second-graders internalized the 

retrieval plan provided by the experimenter on Trial 1 and 

used it to retrieve the story on Trial 2 in lieu of the 

retrieval plan provided by the experimenter on Trial 2. 

Only after the experimenter invalidated this plan did the 

second-graders use the experimenter provided plan. 

Interestingly, this pattern of results parallels that 

of Ackerman and Rathburn (1984), who concluded that second-

graders' memory for an event was more susceptible to the 

process of assimilation than the memory of adults. However, 

with the addition of the invalidation procedure, in this 

study, the Ackerman and Rathburn (1984) position should be 

modified. Second-graders are more likely to internalize 

experimenter provided retrieval plans than adults probably 

because they have limited or inappropriate strategies 

available to them. Further, second-graders are capable of 

abandoning those retrieval plans when provided with 

appropriate negative evidence for the internalized plan. 

This latter conclusion is parallel to that of Schmidt, 

Schmidt, and Tomalis (1984) who found that second-graders 

had the ability to reorganize their memory for clues when 
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two convergent clues followed an anomalous clue. That is, 

the two convergent clues provided significant negative 

evidence for the anomalous clue that it was ignored in favor 

of the more appropriate convergent clues. 

In conclusion, these data demonstrate that in order to 

have a viable theory of memory development, the whole 

cognitive event must be accounted for by focusing on how the 

person adapts to the task environment and how the person is 

in turn transformed by the task environment (Vygotsky, 

1978). Specifically, the findings of this study suggest 

that second-graders are more likely to internalize 

experimenter provided plans than are adults and are more 

likely to abandon these retrieval plans when provided with 

negative evidence for these internalized plans. Schmidt and 

Schmidt (in preparation) have recently argued that recall is 

influenced by a retrieval plan and that one of the sources 

through which a retrieval plan can be generated is through 

the retrieval context. They also argue that the retrieval 

context should have its most powerful impact when limited or 

inappropriate retrieval plans are available to the subject. 

The differences between second-graders and adults reported 

in this study serve to support their argument. 
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