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methods of directed forgetting research in a developmental framework. It has been
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CHAPTER 1
INTRODUCTION

Cognitive inhibition refers to the process by which a person suppresses information that
was previoudy activated in working memory. This process takes place after the information has
become activated in working memory. It is thought that inhibition develops with age; in fact,
children have been shown to perform more poorly than adults on a number of tasks that
measure this process. Because children are not as adle to inhibit items, they have more irrdlevant
information in working memory.

According to the limited resource modd, each person has alimited amount of mental
resources with which to perform cognitive operations (Case, Kurland & Goldberg, 1982).
Cognitive performance changes as a person develops, not because the total amount of
resources changes, but because a person becomes more efficient at using these resources.
Children areinefficient at using their mental resources because even smdl tasks demand menta
effort and consume much of their resources. They must devote more resources to things such as
understanding task ingtructions or preventing irrdlevant thoughts from disrupting their cognitive
processes. This leaves less mentd energy for Sorage. Because they have fewer resources to
devote to these tasks, ther performance suffers. As children mature, they develop better
inhibition skills, which in turn affect ther totd processing abilities by dlowing some of the

resources that were once devoted to irrelevant information to now be devoted to processing



and storing revant information. Therefore, inefficient inhibition has been hypothesized to
contribute to developmenta changesin processing abilities (Harshinfeger & Bjorklund, 1990).

Cognitive inhibition is a different process than smply forgetting or ressting interference.
Inhibition differs from forgetting because the inhibited items are Hlill present in long-term
memory, only suppressed or less activated (Wilson & Kipp, 1998). It is possible to gain access
to these items by reactivating them in working memory with tasks such as recognition tests.
Inhibition differs from resistance to interference because res stance to interference occurs before
the item has been encoded in working memory, whereas inhibition occurs when an item that is
dready activated in working memory is suppressed (Wilson & Kipp, 1998). According to
Wilson and Kipp (1998), these two processes are often confused because they are closely
related, develop over time, and are linked to frontal |obe development. These researchers
propose, however, that it is possible to test which processis occurring by using recognition
tests. For example, if resstance to interference is at work, the items never should have entered
into long-term memory, thus scores on recognition tests should be low. If the process used was
inhibition, however, scores on a recognition test should be high because the items are residing in
memory and only need to be reactivated and brought back into working memory.

Directed Forgetting Tasks

A test used often in research on cognitive inhibition is directed forgetting (for areview,
see Wilson & Kipp, 1998). In directed forgetting studies, researchers instruct participants to
forget some items while remembering others. Researchers then test participants memory for

either the to-be-forgotten items (TBF) or the to-be-remembered items (TBR). There are two



main methods experimenters use when testing directed forgetting. Oneisitem cuing. In item
cuing, participants are shown simuli one at atime. After each simulusis presented, acueis
shown that informs participants whether they should remember the item for alater recdl test or
whether the item should be forgotten because it will not be tested later. The cues experimenters
use vary across studies but can include the words “forget” or “remember,” astring or “Fs’
for forget or “Rs’ for remember, and ared circle for forget and a green circle for remember
(Wilson & Kipp, 1998). When testing children, some researchers use a story about a bee
looking for a honey pot to help the children better understand when to forget and when to
remember, and to make the task more interesting for children (e. g., Lehman & Bovasso, 1993;
Lehman, Mckinley-Pace, Wilson, Slavsky, Woodson, 1997).

The other method frequently employed to test directed forgetting is block cuing. In
block cuing, participants are shown alist of words. After the first hdf of the list is presented,
participants are told either to remember the words or to forget the words in thisfirst haf of the
list. After this, the second hdf of thelist is presented. Most of the time participants are aware
before the presentation of the ligts that they will be given aremember or forget cue a some
point during presentation. However, because they do not know whether the cue will be to
remember or to forget, they should be studying each list assuming it will be tested.

After the items and the cues are presented, participants can be tested in avariety of
ways. Participants may be tested on just the TBR items, just the TBF items, or both. Most often
researchers give participants asurprise recal test of not only the items that the participants were

ingtructed to remember, but aso those that participants were told to forget. At timesa



recognition test is used as well to see how many of the TBF items were actudly encoded in
memory but may not have been recdled during free recall. Implicit measures may aso be used
(e.g., MacLeod, 1989).

Digtinguishing Between the Two Methods of Directed Forgetting

A debate in the directed forgetting literature is whether item cuing and block cuing
procedures are measuring the same underlying processes. The two methods often yidd different
outcomes. When the item cuing method is used, directed forgetting effects are stronger. In other
words, fewer TBF itemsthan TBR items are recalled. This effect occurs on recognition tests as
well, with participants recognizing more TBR items than TBF items. When the block cuing
method is used, the directed forgetting effect is weaker on recall tests and is not shown at al on
recognition tests. This presents an interesting question: Are these two methods testing the same
underlying processes? Item cuing has been proposed to reflect selective rehearsd, whereas
block cuing isthought to reflect inhibition (Harshinfeger & Pope, 1996; Wilson & Kipp, 1998).
According to Harshinfeger and Pope (1996), in an item cued procedure, as each item is
presented participants could wait for the cue before actualy encoding that item in memory.
Therefore, if aforget cue follows a specific item, participants may not be processing it a dl, but
ingtead choosing to rehearse only items that are followed by aremember cue. When sdective
rehearsal of the TBR words occurs, TBF words are not encoded in memory resulting in a
pattern of low recall and recognition of TBF items (Harshinfeger & Pope, 1996; Wilson &
Kipp, 1998). When block cuing is used, however, the strategy of waiting until the cueis

presented to rehearse items is more difficult, if not impossible. As participants are presented
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with the ligt of items, they do not know if they will be tested on those items. This should result in
participants trying to encode dl the itemsin memory. By the time they receive the forget cue a
the end of the lig, the items would have dready been encoded and rehearsed. Harshinfeger and
Pope (1996) believe that to “forget” these items, participants rely on inhibition to suppress the
activation of theseitems. Thus, inhibition is proposed to be the cause of the directed forgetting
effect in recall tests of words presented with the block cuing method. Inhibition should not stop
participants from being able to recognize the TBF items on a recognition test, however. The
TBF items are dill in memory; after dl, they are only suppressed. By re-presenting these
inhibited items on the recognition test, they are released from inhibition and participants are able
to recognize them (Harshinfeger & Pope, 1996; Wilson & Kipp, 1998). This explainswhy
participants given the block cued procedure do not show a directed forgetting effect on
recognition tests.

One study directly contrasted the two methods to explore thisissue. MacL eod (1999)
found a more pronounced directed forgetting effect with the item cuing method than the block
method. In addition, athough results on the recognition test revealed directed forgetting effects
with the item cuing method, directed forgetting effects in recognition were not found when the
block cuing method was used. Thus, as predicted by the hypothesis that item cuing is measuring
selective rehearsd, participants were unable to recognize many TBF words. However,
participants presented with the block cuing method recognized an equa number of TBF and
TBR words. This supports the hypothesis that the two methods are measuring different

processes, salective rehearsal and inhibition, respectively. It is, however, the only direct



evidence that these two methods are measuring different processes.

Thereis some evidence againg the hypothesis that item cuing and list methods are
measuring different things, however. Lehman, McKinley-Pace, Wilson, Savsky, and Woodson
(1997) proposed that both list and item cuing could be used to measure inhibition. The authors
argued that if selective rehearsd isthe only mechanism that accounts for directed forgetting
effects in item methods then taking away the opportunity to selectively rehearse should
completely stop the directed forgetting effect. They took away the opportunity to sdectively
rehearse by having participants count out loud starting immediately after the cue was presented
until the next item was presented. This counting should stop any effects due to selective
rehearsal because now neither the TBR nor the TBF words are being rehearsed. They found
that athough the participants without an opportunity to rehearse recalled fewer TBR items than
control participants (those not required to count), they still exhibited a directed forgetting effect.
Lehman et d. concluded that selective rehearsal could not be the only mechanism that leads to
directed forgetting effectsin the item cuing method. They believe that inhibition must dso play a
role in item cuing, but this may only occur when selective rehearsd is prevented.

Devdopmenta Trajectories of |nhibition and Sdective Rehearsd

A problem in the directed forgetting literature is alack of consstency in results across
studies and across |aboratories. Some researchers use the two methods indiscriminately and
then interpret the results according to cognitive inhibition without considering which method was
used. Another problem isthat there are not many studies that directly compare the two

methods. This forces researchersto look across the literature to experiments done in other



laboratories, with different participants to compare the methods. On the rare occasion that
methods are compared in one experiment (e. g., Macleod, 1999), they are comparedin a
between subjects design, making firm conclusions about the differences between methods more
difficult to make. These problems are especidly prevadent in literature examining directed
forgetting in children. Problems such as these make it difficult to determine the developmenta
trgjectory of performance in directed forgetting tasks.

For example, most researchers using the item cuing method have found that children are
effective at sdectively rehearang. Foster and Gavelek (1983), for instance examined the length
of time children paused as they studied words in an item cued directed forgetting task. They
found that children presented with the item cuing method paused longer on TBR items than TBF
items, suggesting that they were sdlectively rehearsng TBR items and not rehearsing TBF items.
These results suggest that even children in first grade show a directed forgetting effect with the
item cuing method.

On the other hand, researchers that examine directed forgetting in children using the
block cuing method have found a different developmenta pattern of performance than was
found with the item cuing method. Harshinfeger and Pope (1996) found that the directed
forgetting effect did not occur in children before fifth grade and that even the fifth grade students
did not show as pronounced an effect as the adults. This offers support to the idea that the
block cuing method is measuring something different from the item cuing method.

It is possible to compare the results of these two experiments and hypothesize that the

two methods do measure different processes and that these processes develop at different



rates. In order to compare the methods, however, it is necessary to compare them within one
experiment, within one lab, and within one group of participants. The current Sudy addresses
the problems mentioned before by comparing the two methods within subjects and across age
groups to alow a more precise comparison of the two methods. Examining these methods
within participants and across different age groups, would provide amore valid determination of
whether the directed forgetting effects of these methods follow a different developmenta

pattern. These results would provide an additiond line of evidence for the digtinction of the
processes underlying the two methods. In addition, the within participant comparison with both
methods would illuminate any developmentd differencesin the ages a which children can inhibit
or selectively encode and rehearse.

Specific hypotheses

Block Method

According to Harshinfeger and Pope (1996), the block cuing method measures retrieval
inhibition. These researchers argue that retrieva inhibition begins to develop by fifth grade but is
not fully mature until adulthood. If this hypothesisis correct, first and third graders should not be
able to effectively inhibit the TBF words leading to equd recdl of TBR and TBF words (see
Table 1). Children in fifth grade, however, should begin to show a difference in recdl of the

words, with fewer TBF words than TBR words being

recalled. There may ill be asmal difference in performance compared to adults because even

by fifth grade inhibition is not fully devel oped.



If inhibition accounts for directed forgetting effects in this task, the recognition test
should show a different pattern of results (see Table 2). Children in first and third grade should
recognize the same numbers of TBR as TBF words because they would not have inhibited the
TBF words. In contrast to the recdll test, fifth graders and adults' recognition patterns may
follow the same patterns as the younger children, with equa recognition of TBR and TBF
words. Fifth graders and adults will follow this pattern because the previoudy inhibited TBF
words would have been released from inhibition and recognized. Therefore, the directed
forgetting effect should not be present for the recognition test a any age levd.

Item cuing method

A different pattern of resultsis predicted for the item cuing method (see Table 1).
According to Harshinfeger and Pope (1996), the item cuing method measures the ability to
sectively rehearse. Because this ability develops much earlier than inhibition, children as young
asfirg grade may show directed forgetting effects with this method (Foster & Gavelek, 1983).
It istherefore predicted that al age groups will show the directed forgetting effect, recaling
more TBR than TBF words.

During the recognition test, the same pattern should be observed (see Table 2). Because the
TBF words were not rehearsed, they were not stored aswell in memory. Participants would be

less able to recognize those words on the recognition task. Thus,

once again, dl age groups may show directed forgetting effects, recognizing more TBR words

than TBF words.



CHAPTER 2

METHODS

Participants

Fifty-seven children from an dementary school in northern Georgia were sdected to
participate in this study. Three age groups were tested: 19 first graders, 19 third, and 19 fifth
graders. Nineteen college-aged adults from a state university in Northern Georgia were aso
included. See Table 3 for aligt of age and gender information. These age groups were sdlected
because cognitive inhibition has been proposed to begin to develop by the fifth grade and
selective renearsa has been proposed to be developed by the first grade (Harshinfeger & Pope,
1996; Fodter & Gavelek, 1983). Including children from first, third, and fifth grade should alow
for the examination of these developmentd differences between the two mechanisms. Adults
were included as a control group of mature inhibitors.

Children were recruited by soliciting participation from schools in the north Georgia
area. Schools were located by searching the Internet and phone books for dl schools located
near the Univergty of Georgia After severa schools were identified, calls were made to the
principas of these schools. A brief explanation was given to the principas about the purpose of
the research and what would be required of the principa and faculty at the school.

After the principa agreed to volunteer his school for testing, letters were sent home to

the parents of children in firg, third and fifth grade classrooms. The specific classes that were
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used were selected by the principa. Two firgt grade classes, two third grade classes, and two
fifth grade classes participated.

Children whose parents returned signed permission dips were dlowed to participate in
the study. Once permisson dips werereturned, alist of dl digible sudentsin each classwas
compiled. There was no set procedure for choosing the order that the grades and classes within
the grades were tested. Instead, children were tested whenever they were available.

Materids

The stimuli conssted of two ligts of 20 words. The words were unrelated within and
across tasks and were equated for the word length (Liss A M = 4.5, Liss B M = 4.8) and word
frequency (Lis A M =67.6, List B M = 67.9). For the recognition tests, two lists of 40 words
were generated, which contained the 20 words from the study list and 20 foil words. These foils
were dso matched for length (List A foilsM = 4.7, List B foilsM = 4.7) and frequency (List A
folsM =64.8, List B foils, M = 69.9). Frequencies were calculated based on work done by
Thordike and Lorge (1944). For a complete lists of words used, see Tables 4 through 7.

The Matching Familiar Figures Test was used as a buffer-clearing task between
presentation of the stimuli and recall (Kagan, 1965). A 100-piece Spiderman puzzle was used

as adistraction between tasks.

Procedure

The tasks were counterbalanced with half of the participants in each grade level
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completing the item method first and half completing the block method firdt. Lists were aso
counterbalanced with half of the children receiving List A for the block cued task and List B for
the item cued task, and the other half receiving List B for the block cued task and Ligt A for the
item cued task. Children dso participated in a picture-naming task during the experimental
session that was part of another project. This picture-naming task was counterbalanced with the
directed forgetting tasks with haf of the children recelving the picture-naming task first and half
recelving the directed forgetting task firdt.

Children were tested individudly. They were told that they would be participating in
severa memory games that would see how many words they could remember. All children
were given an opportunity to decline to participate before the experiment began, aswell as
permission to stop the study at any time. An attempt was made to have children fed as
comfortable as possible with the experimenters. In order to achieve this, experimenters talked to
them about their families, their plans for the summer, and other topics that would alow the
children to relax. Once introductions were completed, the tests were started.

Thetota time for the experiment was gpproximatey 40 minutes. This included the time
it took to escort the child to and from the testing room, the getting acquainted conversations, the
tests themsdves, and time & the end for the children to sdect a pencil for participating. Below is
adiscusson of the specific procedures that were used. Although these are discussed in
gpproximately chronologica order, it isimportant to keep in mind that the tasks were not

always presented in this order, but were counterbalanced, as discussed before.
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Block Method

During the block method, the first haf of the list was read to the participant. After each
word was read, participants repeated the word one time to check for accuracy. After the first
10 words were presented participants were told that the first list had been just for practice and
that they should forget those words and only remember the next set of words. The participants
were then asked what they were supposed to do with the list they had just heard. This question
was included to check that the instructions to forget were understood. After participants were
clear on the ingtructions, they were presented with the second hdf of thelidt.

After both ligts were presented, the Matching Familiar Figures Test was administered
for 30 seconds as a buffer-clearing task. Recall was then tested for the words on both halves of
the ligt. Participants were told to recal oraly as many words as they could from theligt, even
those words from the ligt that they were told to forget. They were told that they could recal
these words in any order they wished and had as long as they needed to recdl the words.
Responses were written down by the experimenter as well as audio taped.

After the children indicated that they had remembered dl of the words that they could,
participants completed the recognition test, which consisted of the 20 stimulus words and 20
new words. Thislist of 40 words was read aoud to the participants. They indicated if they had
heard the word on the previous lists by saying yes or no.

Didraction

Between the block and item tasks participants worked with the researchers on

completing a 100 piece Spiderman puzzle for 5 minutes. The purpose of thiswasto clear the
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participants memory of the previoudy presented words as well as to provide adistinction
between the two memory tasks. After 5 minutes of working on the puzzle, the second task was
administered.

|tem Method

Participants were told that they would hear a series of words one a atime and as each
word was presented they would be shown either ared or agreen card. Participants were
ingtructed that they should remember only the words they hear that are paired with agreen card
and they should forget al the words that are paired with ared card. After these ingtructions
were given, participants were asked to indicate what they were supposed to do when read a
word with agreen card and with ared card. When it was clear that participants understood the
ingtructions, they were read one word at atime. Remember and forget cues were presented in a
random order. As the word was read, the experimenter held up a green or red card. After
participants heard the word and saw the card, they repeated the word for accuracy and said
“forget” or “remember” depending on which card they saw.

After dl 20 words were presented, the Matching Familiar Figures Test was given. Next
participants were asked to recal as many of the words as they could remember, even those that
had been paired with ared card and that they had been ingtructed to forget. After thiswas
completed, participants took a recognition test for this task that contained the 20 origind words
aswdl as 20 new fails. This task was administered in the same manner as the recognition test

for the block cued items.
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Deception

Deception was used in the firgt task in order to keep participants from expecting to be
asked to remember the TBF words during the second task. After the first task was administered
participants were told that the researcher made a mistake. They were told that the words that
they had been told to forget (the firgt list in the block method or the red cardsiin the item
method) were actually words that they were supposed to have remembered. They were asked
to recal dl words, even those that they had been told to forget under the guise thet they would
be helping the researcher. Debriefing questions during pilot research on adults showed that
adults were deceived by the researcher’ s “mistake” and did not try to remember the TBF
words during the second task. Children were not asked directly about this during the debriefing
but did show varying degrees of concern about the researcher’ s “mistake” which indicated that
the children did believe the deception.

Presentation Rate

Stimuli were not presented at a congtant rate of presentation asis donein most studies
of this nature (Wilson & Kipp, 1998). Instead as soon as participants correctly repested the
word back to the experimenter, and, in the block method, stated whether the word wasto be
remembered or forgotten, the experimenter read the next word. This set up a presentation rate
of gpproximately 1 to 2 seconds per word. The presentation rate for most studies of thistypeis
approximately 4 seconds per word (Wilson & Kipp, 1998; Harshinfeger & Pope, 1996;
Lehman et. d, 1993). The fast presentation rate used in this study most likely did not alow

participants much time, if any, to rehearse the words as they were read. This methodologica
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flaw may account for the floor effects in the children’s recdl. The speed of presentation, its
relation to the results, and floor effects are detailed further in the discussion.

Data Coding Procedure

Recdl and recognition were coded by counting the total number of each type of word
recaled or recognized. In other words, dl TBR items, TBF items, and items that were not in
either category were counted and recorded separately. After al words were counted and
recorded, a proportion was calculated that compared the number of each type of word recalled
to the total number of words recalled. Andyses were then performed on both the raw number

of words and the proportion of each type of word recalled.



CHAPTER 3
RESULTS

Prdiminary Andyses

Before beginning analysis of effects of the interest, the data were examined for any
confounding effects. No significant main effects or interactions were found for gender of
participants, order of tasks, list used, or experimenter.

Recal

Results showed a pattern of very low recall across dl participants. The children’s recall
was especidly low at every grade leve, showing consstent floor effects regardless of task.
Adults performed dightly better, but till had low recal. See table 8 for the means and standard
deviations of the recall scores.

Number of words recaled were examined in a4 (grade levd.: firg, third, fifth, and
college) X 2 (task: block or item) X 2 (word type: TBR or TBF) mixed mode andysis of
variance, with grade leve as a between subjects factor. The andyssyieded a Sgnificant main
effect for grade levd, F (3, 72) = 15.48, p < .0001, indicating that college aged adults recdled
more words than dl other age groups, regardless of word type or task. There were no
differencesin recdl between any of the other age groups. The andyses d 0 yidded a Sgnificant
main effect for word type, F (1, 72) = 8.69, p < .01, indicating that more TBR words (M =

2.06) than TBF words (M = 1.60) were recalled, regardless of the task or the participant’s

17



18

grade level. The main effects were modified by a significant grade level by word type
interaction, F (3, 72) = 7.64, p < .0001. Adultsrecalled more TBR than TBF words regardless
of task, t (18) = 4.47, p <.0001, wheress the other age groups recaled equal numbers of each
word type. There were no other sgnificant main effects or interactions.

These andyses suggest that theinitia hypothesis that the item and block methods would
have different developmentad patterns was not supported. Children of dl grade levelsrecdled
equa numbers of TBR and TBF items, regardless of task, suggesting that they do not produce a
directed forgetting effect until after fifth grade. The results for adults did fit the hypothesized
pattern as they showed a directed forgetting effect on both tasks.

Proportion of word type recalled

Due to concern abouit floor effectsin the recall tes, the recal data were converted from
raw scores to proportions of TBR or TBF words recdled. This was accomplished by dividing
the number of TBR or TBF words recaled by the tota number of words recdled. The resulting
pattern did not differ very much from the pattern of raw scores. See Table 9 for alist of means
and standard deviations of the proportions of words recalled.

The resulting proportions were examined in a4 (grade levd: firg, third, fifth, or college)
X 2 (task: block or item) anadlysis of variance, with grade as a between subjects factor. The
andyssyidded amain effect of grade leved, F(3, 72) = 5.04, p < .01. First grade children
recalled a greater proportion of TBF than TBR words, third and fifth grade children recaled an

equa proportion of TBR and TBF words, and college students
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recalled a greater proportion of TBR than TBF words. No other main effects or interactions
were sgnificant.

These results are very smilar to those found with the raw score, suggesting that the floor
effects were not as problematic as origindly thought. The patterns of the proportions continue to
show no directed forgetting effects for the children, and a pronounced directed forgetting effect
for the adults. This suggests that the mechanisms underlying the directed forgetting effect in both
tasks may not be developed until after fifth grade.

Recognition

Scores on the recognition test were o low. Results were similar for al participants,
regardiess of age, but differed across tasks. See table 10 for alist of the means and standard
deviations of the recognition scores.

Recognition scores were examined in a4 (grade levd: fird, third, fifth, or college) X 2
(task: block or item) X 2 (word type: TBR or TBF) andysis of variance, with grade asa
between subjects factor. Andyses yielded amain effect for task, F(1, 72) = 4.21, p < .05,
indicating that more words were correctly recognized during the item task (M = 8.04) than
during the block task (M = 7.73), regardless of grade level or word type.

Thismain effect was modified by a significant task by word type interaction, F(1, 72) =
4.91, p <.05. A closer examination of this effect reveded that in the item task participants
recognized sgnificantly more TBR items ( M = 8.30) than TBF items (M = 7.38), t(75) = 2.74,
p <.01, while in the block task they recognized equa amounts of TBR (M = 7.66) and TBF

(M = 7.80) words. In addition, results indicate that participants recognized more TBR wordsin
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the item task than in the block task, t(75) = 3.41, p < .01. No other main effects or interactions
were sgnificant.

These results support the hypothesis that the two methods are examining different
underlying processes. Aswas predicted, participants recognized equa numbers of TBR and
TBF words after the block cuing procedure, suggesting that the TBF words were encoded in
memory but were inhibited during recall. On the other hand, the participants recognized more
TBR items than TBF items after the item task suggesting that in this task the TBF items were not

encoded in memory aswell asthe TBR items.



CHAPTER 4
DISCUSSION
The results obtained in this sudy paint an interesting and complex picture. The origind
hypothes's, which suggested that the patterns of development change in recal and recognition
performance would be different in item and block cued tasks, was not supported. There were
no interactions between word type and task. Rather, the pattern across tasks was the same on
the recdll test, with college aged adults recdling more TBR items and dl other age groups
recalling equa amounts of TBR and TBF items. Thisis contrary to what was expected if the
tasks measured different processes. If the item task measured sdective rehearsd, for instance,
the results should have shown dl age groups recdling more TBR than TBF items because
sdlective rehearsd is thought to be developed by first grade. Instead, children in both tasks
recdled equa numbers of TBR and TBF items. This suggests that the underlying mechanisms
that lead to a directed forgetting effect in the item and block task are developing at the same
rate, which may be conddered evidence that the same mechaniam, inhibition, is underlying both
tasks.
Examining proportions of TBR and TBF words recalled provided a more precise
andyss. Adults showed mature inhibitory ability, recaling ahigher proportion of TBR items than
TBF items. Third and fifth graders recaled an equa proportion of the two word types and first

graders actudly showed a preference for TBF items by recaling a Sgnificantly higher proportion
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of those words than TBR words. These results are consstent with the inhibition theory of
directed forgetting which states that inhibitory abilities are continuing to develop acrossthe
elementary school years and provide more evidence that inhibition underlies both methods
(Wilson & Kipp, 1998).

The patterns of performance on the recognition tasks suggest a different conclusion,
however. When inhibition is the causd mechanism in directed forgetting participants typicaly
recognize equa numbers of TBR and TBF words (Bjork, 1989, Harshinfeger & Pope, 1996;
Wilson & Kipp, 1998). This pattern was found in the block task, suggesting that that inhibition
is responsible for the directed forgetting effect in recall on thistask. This pattern suggests that
during the recognition task the words were released from inhibition, resulting in equal recognition
of TBF and TBR words. In the item task, however, participants continued to show a directed
forgetting effect, recognizing more TBR than TBF items regardiess of grade level. These results
suggest that the TBF items were not encoded as well as the TBR items, and that selective
rehearsd is responsible for directed forgetting effectsin the item task.

The results, therefore, are contradictory. Whereas the recall test points to inhibition as
the underlying mechanism for both tasks, the recognition test suggests thet these two tasks are
measuring different processes. There are severd interpretations of these results. Firdt, the two
methods may measure different processes, despite the smilar course of development of the
recal task. Perhgps inhibition and selective rehearsd follow smilar patterns of developmental
change, not maturing fully until after fifth grade. This would explain the results from the

recognition test. Thisinterpretation calsinto question
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literature suggesting that sdective rehearsal isfully developed by first grade (Foster & Gavelek,
1983).

Another interpretation of these results focuses on the methodologica error mentioned in
the method section. A close look at the results for the recall test shows consistent floor effects
for the children in dl conditions. Whereas most experimenters conducting directed forgetting
experiments use athree or four second rate of presentation, | presented words &t the rate of
gpproximately one to two words per second. This fast speed may be the cause of the floor
effects that are so apparent in the data for the younger children. Even the adults recall islow
compared to other studies, which typicaly show adults recaling more words (Wilson & Kipp,
1998). The speed of presentation may have prevented adequate rehearsa of the items,
preventing most words from being encoded in memory. Thiswould aso explain the rather low
recognition scores, in which even adults were unable to recognize more than half of the
presented words.

To address this methodological error, aproportiona recal andysis was conducted. The
results of this analyss were smilar to thet of the raw data. There was a consistent inhibition
pattern across both tasks. In addition, previous researchers examining adults have found that the
directed forgetting effect continues to occur despite fast presentation speeds (Davis & Okada,
1971). Thiswould seem to imply that the floor effects are not to blame for the contradictory
results of the recall and recognition data.

The fast presentation speed offers another interpretation, however. By presenting the
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items s0 quickly, the participants may have been unable to rehearse during presentation. Taking
away this rehearsal opportunity would explain the floor effects for the children and the low recall
and recognition scores for the adults. The question then becomes, what would reducing
rehearsa during these tasks do to the pattern of results across tasks and word types? The
answer to this may be found Lehman et a.’s (1997) work mentioned earlier in this paper.
Lehman et d. used an item cued procedure to examine the directed forgetting effect in third and
forth grade children and adults. In their procedure, they prevented participants from rehearsing
by having them count aoud after each cue was presented. They argued that doing so would
prevent selective rehearsa, and therefore, any directed forgetting that occurred must be due to
inhibition. They found directed forgetting effects for al age groups, and concluded that inhibition
must play arole in the item cued procedure. Lehman et d. made two conclusons relevant to the
current study. Firgt, they took their results as evidence that directed forgetting in the item task
relies, at least in part, on inhibition. Second, they noted that there was no difference between the
performance of the adults and children when rehearsa was diminated, and proposed that
inhibition must therefore be developed by third grade.

If the methodologica error of fast presentation speed inadvertently crested conditions
gmilar to those in Lehman’s sudy, results from the current experiment should mirror Lehman’s
results, at least in the item cued task. However, the results from the current study do not fit with
the Lehman et d. study. Recall performance was not equa across age groups in the current
study. In contrast to Lehman's experiment, adultsin this study showed a directed forgetting

effect whereas children did not. Thus, these results do not support Lehman’s conclusion that
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inhibition isfully developed by third grade. It could be that the methodology used by Lehman et
d. was sufficiently different from the methodology employed here. Perhaps the counting
required in the Lehman study was more taxing and alowed less rehearsd than the fast
presentation speed of the current sudy. Thisis unlikely, however, asit is obvious by the low
levels of recdl of the TBR words that rehearsal in the current study was compromised.
Criticaly, it isimpossible to be sure that Lehman et d. actudly measured inhibition in their study
because they did not include a recognition test. Without a recognition tes, it is not known if
participants actualy encoded the TBF itemsin memory. It could be that athough participants
were unable to selectively rehearse because of the counting task, they were il ableto
seectively encode the TBR items. In the current Study, a recognition test was conducted. The
results from that test are consistent with the theory that even with the reduced time for sdective
rehearsd, participants were till able to sdlectively encode the TBR items.

Unfortunatdly, the results obtained in this sudy are difficult to interpret because of the
floor effects, lack of time for rehearsal, and inconsstencies with previous research. The central
hypotheses of this study, namely whether the block and item cued measures of directed
forgetting have different developmenta patterns and whether these two tasks are therefore
measuring different underlying mechanisms, remain unanswered. In order to better address these
questions, astudy is needed in which presentation speed is kept constant and consstent with the
previous literature in thisarea. To address this concern, | am currently conducting a second
study with smilar methodology to the one discussed here. The only new featurein thisstudy isa

constant presentation speed of one word every four seconds. By providing participants with
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time to effectively rehearse the words in both tasks, | hope to more effectively address the
questions raised in this study.

In addition, the methodologica error that occurred in this experiment and the
incons gtencies with the findings of Lehman et d. present an interesting new area of future
research. Research should be conducted that attemptsto replicate Lehman’ s findings asthe
results presented here are contradictory to what Lehman found. Similar methodology should be
used, with counting used to prevent rehearsal, so that a more direct comparison can be made. It
would aso be interesting to include both tasks so that differences between the tasks could be
compared. A recognition test should be aso be included so that firmer conclusions can be made
about possible inhibition in the item cued task.

Until more experiments are conducted that directly compare the two methods, the
debate about the causa mechanisms for both tasks will continue. Research is needed to
continue to differentiate the two methods which will alow future researchers to be cognizant of

the underlying mechanisms they are actudly testing when using these procedures.
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Tablel

Predicted results on recal test for block and item cuing methods

Block Cuing

Firg grade TBF=TBR
Third grade TBF=TBR
Fifth grade TBFTBR
College TBF<TBR

Item Cuing
TBF<TBR
TBF<TBR
TBF<TBR

TBFTBR
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Table2

Predicted results on recognition test for block and item cuing methods

Block Cuing

Firg grade TBF=TBR
Third grade TBF=TBR
Fifth grade TBF=TBR
College TBF=TBR

Item Cuing
TBF<TBR
TBF<TBR
TBF<TBR

TBFTBR
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Table3

Mean age, age range, and gender of participants

Age
First grade 7.36 (.37)
Third grade 9.39 (.45)
Fifth grade 11.56 (.61)
College 19.67 (1.08)

Agerange

6.83-8.33
8.83-10.33
10.75- 12.67

18.00 - 21.00

Males Females
8 11
7 12
5 14
3 16
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Table4

List A, with word length and frequency according to Thorndike and Lorge (1944)

Frequency Word Length TBRor TBF
Baby 100 4 TBR
Bank 100 4 TBF
Bear 100 4 TBR
Bread 50 5 TBF
Brother 100 7 TBF
Cake 50 4 TBR
Candle 43 6 TBR
Ear 100 3 TBF
Egg 100 3 TBR
Hour 100 4 TBF
Jar 43 3 TBF
Map 50 3 TBF
Moon 100 4 TBR
Nose 100 4 TBR
Pencil 40 6 TBF
Pillow 33 6 TBR
Puppet 6 6 TBR
Soap 37 4 TBF
Sword 50 5 TBR
Whedl 50 5 TBF
M =67.60 M=45
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Table5

Ligt B, with word length and frequency according to Thorndike and Lorge (1944)

Frequency Word Length TBRor TBF
Blanket 30 7 TBR
Box 100 3 TBF
Butter 100 6 TBR
Church 100 6 TBF
Dress 100 5 TBF
Elbow 26 5 TBF
Fence 50 5 TBR
Fire 100 4 TBR
Hat 100 3 TBF
House 100 5 TBF
Lion 50 4 TBR
Magnet 9 6 TBF
Milk 100 4 TBF
Mother 100 6 TBR
Owl 35 3 TBR
Scde 50 5 TBR
Spider 100 6 TBF
Swing 50 5 TBF
wall 100 4 TBR
Weed 34 4 TBR
M =67.9 M=438




Table 6
List A Fails, with word length and frequency according to Thorndike and Lorge (1944)

Frequency Word Length
Arm 100 3
Dall 46 4
Earth 100 5
Fish 100 4
Floor 100 5
Fox 25 3
Goat 50 4
Kitchen 100 7
Moss 22 4
Nall 50 4
Penny 38 5
Rano 26 5
Pate 50 5
Quarter 100 7
Stew 11 4
Stove 40 5
Tran 100 5
Unde 100 5
Vine 38 4
Woman 100 5
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Table7
Ligt B Fails, with word length and frequency according to Thorndike and Lorge (1944)

Frequency Word Length
Ant 38 3
Back 100 4
Board 100 5
Branch 100 6
Bridge 100 6
Cherry 35 6
City 100 4
Clock 50 5
College 100 7
Dish 50 4
Door 100 4
Fan 38 3
Fern 13 4
Frog 25 4
Glue 15 4
Guard 100 5
Hill 100 4
Ice 100 3
Mountain 100 8
Mouse 34 5

M =69.9 M =47
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Table8

Mean Recdll Score asaFunction Of Grade Levd, Task, and Word Type

Grade

Firs

Third

Fifth

College

TBF

TBR

TBF

TBR

TBF

TBR

TBF

TBR

Block Cued

1.47 (1.02)

1.00 (1.33)

1.37 (1.17)

1.63 (1.07)

2.00 (1.29)

1.84 (1.34)

2.16 (1.78)

3.63 (2.16)

Item Cued

1.63 (1.07)

1.16 (1.02)

1.47 (0.91)

1.68 (1.25)

0.90 (0.88)

2.00 (1.56)

1.79 (1.08)

347 (L.71)
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Table9

Mean Proportion of Each Word Type Recdled as a Function Of Grade Level, Task, and Word

Grade Block Cued Item Cued
First
TBF .64 (.35) 54 (.32)
TBR 31(.32) 41 (.31)
Third
TBF 44 (.29) 46 (.32)
TBR 56 (.29) 49 (.32)
Fifth
TBF 51 (.30) 27 (.30)
TBR 49 (.30) 57 (.37)
College
TBF 32(.22) 32(.18)
TBR 68 (.21) 67 (.18)

38



Table 10

Mean Recognition Score as a Function of Grade Level, Task, And Word Type

Grade

Firs

Third

Fifth

College

TBF

TBR

TBF

TBR

TBF

TBR

TBF

TBR

Block Cued

7.47 (2.27)

7.11 (2.35)

7.68 (1.38)

7.79 (1.78)

8.05 (1.47)

7.68 (1.50)

8.00 (1.29)

7,53 (1.31)

Item Cued

7.68 (2.43)

7.79 (1.72)

8.21 (1.13)

8.47 (1.35)

7.68 (1.49)

8.05 (1.31)

753 (1.31)

8.90 (1.24)
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