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included in the appendix: actual lists with randomizations made, type of appa­
ratus used for presentation, instructions to participants for all conditions, and 
randomizations of conditions. 

Finally, a research proposal should include material to be submitted to an 
Institutional Review Board (IRB) or similar committee designed to review the 
ethics of the proposed research (see Chapter 3). 
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Abstract 

~ Whether false memories persist over a delay was. investigated using H. L. Roediger and 

K. B. McDermott's (1995) false memory procedure. College students (N = 19) studied 

12 15-item lists and either recalled items immediately or followit9 a 90-s delay. A first 

recognition test immediately followed recall of lists; a second test occurred 2 days later. 

.A-bst1iaet sh()'11.ld be a 
s/4111Ce paAatAaph Mt 
ex.ceed/4111 120 w1 Ads. 

The proportion of correctly recalled list items decreased with the 90-s delay, whereas 

the proportion of falsely recalled critical items increased. The overall proportion of items 

recognized as "old" was greater for false critical items than for correct list items, but 

both false recognition and correct recognition decreased over the 2-day period. These 

-
findings are compared to other studies.that examined false memories following delays. 
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False Recall 

\,False Recall and Recognition of List Items Following Delay 

Roediger and McDermott (1995) captured the attention of memory researchers 

by reminding us of the importance of examining participants' errors in recall and that 

3 

these errors can sometimes be quite predictable. Moreover, these ''false memories" are 

relevant to ongoing debates about false memories that may occur in more natural 

settings (e.g., clinics, courtrooms). Roediger and McDermott, and many others, have 

demonstrated that false memories are easily created and that participants' 

phenomenological experience of these memories mimics their memories for actual 

events (e.g., Mather, Henkel, & Johnson, 1997; Norman & Schacter, 1997; Payne, Elie, 

Blackwell, & Neuschatz, 1996). The purpose of the present study was to replicate 

Roediger and McDermott's (1995) findings and to extend their findings by examining 

the persistence of false memories following delays. If false memories persist following 

delays, important implications exist regarding courtroom testimony and recovered 

memories in therapy. For example, memory retrieval in these cases follows varying 

periods of delay and the accuracy of these memories may thus be questioned. 

----);;,, In this false memory paradigm word lists are constructed such that each word is 111cf.e11t e11UJ 
pa11.aq11.aph usi11j ~he 
tab QeJ (set at l 11e 
to, se11e11 spaces A 
1/z i11ch).· 

A-bb11.e11 iatecf. 

highly associated with a critical, not-presented word. For example, participants may 

hear the words bed, rest, awake, tired, dream, etc., but never the critical word, sleep. 

False recall and recognition for the word sleep is quite high. Underwood (1965) 

proposed that an implicit associative response (IAR) occurs when participants study an 

associated word. For example, when participants hear "bed" they may think of "sleep" 

(the IAR). With the next word, "rest,• they again may experience "sleep" as an IAR, and 

so on. When their memory is tested participants may have difficulty discriminating the tu~s aAe f iASt 
spdtec1. ()'ut1 /()'tut eel. 

bJ the abbAe11 ia Mft 
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IAR from1he presented items, resulting in false recall or recognition. An alternative 

account relies on the extent to which the lists of associated words activate a schema for 

the words_ e.g., a "sleep" schema). According to this account, rerll after a delay may 

be based on memory for the schema rather than the actual listf resentation. 

In the present study participants listened to 12 lists comprised of 15 words that 

were associated to a critical, ~ot-presented word. Participants were randomly assigned 

to reca 4 of the 12 lists in either an immediate-recall condition or following a 90-s delay 

in a single trial of free recall. When not recalling words (and during the 90-s delays) 

participants completed distractor tasks consisting of math problems. Additionally, two 

recognition tests were administered. The first recognition test followed the presentation 

and recall of the 15 lists; the second was 2 days later. 

e hypothesized that the proportions of correct recall and false recall would not 

differ in the immediate-recall condition because of participants' inability to differentiate 

their memory for the presented words from the IARs generated for the critical items. In 

the delayed-recall condition, we expected the proportion of false items recalled to be 

greater than the proportion of correct items recalled because of participants' activation 

of a schema for the list to aid recall. This activation was assumed to lead to recall of the 

highly associated, critical item. Furthermore, we anticipated that correct recall would 

decrease over time but false recall would increase with the delay. Similar predictions 

f Cush . -W-,,i,~h {~ft were made for participants' recognition of correct list items and false critical items. 

,,,..,,all.a/4111 A.ta{A,CA,'J, cl I L-Ce11tu 110' ,,i,ta{/4Cs 0'11 fo di ' Method ....-- 1 1 j 0'11CJ A-11.st Cettu ~ the f ,,i,11.st Cettu ,,i,11 caps. 
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~ Nineteen students (16 women, 3 men) from a research methods in psychology 
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class at Loyola University of Chicago participated as part of a class project. Data for 

one student were omitted from all analyses because the student attempted recall for the 

wrong lists; recognition data for two students were omitted from analyses because they 

missed the second class session in which the experiment was conducted. 

,i,taU.cized. Materials 

paA:11/Aaph head). ~,----...; •11,,.. Word lists. We used 1215-item word lists from Roediger and McDermott's 

f (f{r.iw-ed b"4 a 
peAMd. 011CJ f ,i, st 
tettu (}f f MSt 
1AJ'Md /411 Caps. 

(1995) study. They constructed 24 lists by selecting 15 words that were highly 

associated with a critical word that was not presented. Words were ordered such that 

the strongest associates were presented first, followed by more weakly associated 

1lse wMds to, 
ex. pAess 11u/~bu 
tess tha11 10. 
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words. For example, the list for the critical word, needle, was thread, pin, eye, sewing, 

sharp, point, prick, thimble, haystack, thorn, hurt, injection, syringe, cloth, and knitting. 

Six lists in the present study were identified by Roediger and McDermott as having a 

high likelihood of creating false memories (identified by the critical item): chair, 

mountain, needle, rough, sleep, sweet The other six lists used in the present study for 

recall were randomly selected from their remaining lists (identified by the critical item): 

bread, cold, doctor, foo~ music, slow. 

_______,, Participants recalled words from 4 of the 12 lists in a single trial of free recall. In 

order to rule out the possibility that proportions of correct and false recall would be 

determined by the particular lists used for the recall task, the four recall lists were 

eounterbalanced. The 12 lists were randomly divided into three sets of four lists, with 

the provision that two lists in each set have high likelihoods for creating false memories. 

Participants were randomly assigned to recall words for four lists. Seven participants 

recalled the chair, bread, slow, and sleep lists; seven participants recalled the needle, 

.,I. 
I 
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tooi doctor, and rough lists, and four participants recalled the sweei music, cold, and 

mountain lists. 

Distractor task. Participants completed a distractor task consisting of math 

problems when not recalling words and during the 90-s delay. f e generated 20 pages 

of math problems. Each page had six complex math problems involving addition, 

r subtraction, multiplication, and division. 

Recall packets. We created six different packets to manipulate the recall condition 

(immediate, delayed) and counterbalance the lists used for recall. Four pages 

presented recall instructions based on those used by Roediger and McDem,ott (1995): 

"Please write down as many words from the list that you remember. A good strategy is Teace puhcls ()'A 

C()''fH, 1H-aS -W ,ithi:n t----t_o_w_ri_te_d_o_w_n_t_h_e_ia_s_u_e_w_it_e_m_s_fi_rs_t_, t_h_en_th_e_re_s_t_o_f _th_e_w_o_rd_s_i_n_a_ny_o_rd_e ""'::rr." Twenty 

iu()'tath11 1H-a11.ks. pages had math problems. Between each page was a colored sheet of paper, which 

masked the participants' next task (recall or math problems). The order of the 24 pages 

depended on whether participants were in the immediate-or delayed-recall condition 

and which list set participants were assigned to recall. For example, the "music" list was 

presented first. Following the presentation of the list, participants assigned to recall the 

music list in the immediate condition opened their packet to a page with recall 

instructions; all other participants opened their packet to a page of math problems. After 

90 s, a tone signaled participants to turn to the next white page (following the colored 

sheet). If assigned to recall the music list in the delayed-recall condition, participants' 

next sheet had recall instructions; all other participants received math problems. This 

sequence was followed for the remaining 11 word lists. 

Recognition tests. Participants completed two different recognition tests, the first 
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followed the presentation and recall of lists (immediate), the second was 2 days later 

(delayed). Because three list sets were used for recall (to counterbalance recall lists 

across participants), we created three versions of the first recognition test (session 1) 

and three versions of the second recognition test (session 2). Following Roediger and 

McDermott's terminology, recognition-test items that were presented during the recall 

portion of the study are referred to as "studied,"·and new distractor items are referred to 

as "not studied." Each 72-item recognition test consisted of six different types of items: 

1 0 Studied/Recalled items (5 each from two of the four lists participants were asked to 

recall); 2 corresponding critical items for these lists; 20 Studied/Not Recalled items (5 

four of the eight lists participants did not recall); 4 corresponding critical 

· 30 Not Studied Distractor items (5 each from six lists that were not 

ing critical items for the distractor lists (these lists also 1ief ue11ces -w ,i.th ·11 
paAe1ttheses. 1----w-e_r_e_fr_o_m_R_oe_d_i-ge-,.ir & McDermott, 1995). The five items selected from the word lists for 

1taCitize the 
a1tCMAS o-f a 
scale. 

%A.~bus a1ie us d to­
/41tditate the Ce11 Cs 
o-f a desAif.11. 111c de 
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1iijtt o-f ~ti. . tiff1! 

SA11!-

each recognition test were the first, third, fifth, seventh, and ninth words. The 72 words 

on each list were randomly ordered. Participants made recognition judgments using a 

4-point scale (1 = sure new, 2 = probably new, 3 = probably old, and 4 = sure old). 

Procedure 

A 2 (condition) X 2 (memory type) mixed factorial design was used for the recall 

portion of the experiment. Students were randomly assigned to either the immediate­

recall condition or the delayed-recall condition; thus, the condition variable was 

manipulated as a random groups design. Memory type was a repeated measures 

variable with two levels: correct and false memory. The recognition portion of the 

experiment was a repeated measures independent variable. Participants completed the 
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""#1./41! 
11 

( W-itM1A-1 a 
first recognition test immediately following the presentation and recall of word lists and 

completed the delayed recognition test 2 days later. The dependent variables were 
pU/40'd) /4s the 
b · t · £ proportion of correct and false recall and proportion of correct andf lse recognition. a b11.e-v /4a /40'1! 7 O' IL 

"#1./41!/A-te. r---------T.:.;h.::e:.e:.:x=.periment was conducted during two scheduled clas periods. In the first 

session, lasting 5 min, the experimenter gave students a consent form and a packet 

that corresponded to their condition when they entered the class (students were 

randomly assigned to conditions prior to their arrival). A participant number appeared 

on top of the packet. Instructions requested students not to open their packet. After 

students read and signed their consent form, they listened to tape-recorded instructions 

for the study. Following this, the experimenter stopped the tape recorder and asked if 

there were any questions. Tape-recorded word lists were then presented. The random 

order of the lists was as follows (identified by the critical item): music, needle, sleep, 

doctor, slow, mountain, rough, bread, sweet, cold, chair, and foot. Words were 

presented at the rate of approximately one word every 1 ½ s. Following the list 

presentation, participants heard a tone informing them to turn to the next white page. 

They then either recalled list items or completed math problems for 90 s. A tone then 

signaled participants to turn to the next white page. This page instructed them to recall 

the list items or complete math problems. This procedure was followed for all 12 lists. 

After the study and recall phase of the experiment, the experimenter distributed 

the first recognition test and asked participants to record their participant number on the 

top of the recognition test. After completing the recognition test, participants were asked 

to write their participant number in their notebook; they were then dismissed. At the 

beginning of the next class session (2 days later), participants reported their number 

1tO'te: WMdS a11.e 1!0't hJphe11ated 
at the e11d O'f a Ch1e. 
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and they were given the corresponding second recognition test. Each recognition test 

took approximately 5 min to complete. The instructor then fully debriefed participants 

regarding the purpose of the experiment. 

---------------'> Results 

Results are presented first for participants' recall and then for_ their recognition of 

list items. The dependent variable~ were proportion of correct recall/recognition and 

proportion of false recalVrecognition. Proportion of correct recall was determined by 

counting the number of words participants correctly recalled and dividing by 60 (the 

total number of list items they were asked to recall). Proportion of false recall was 

determined by counting the number of critical items falsely recalled and dividing by 4 
•, 

(the total number of critical items for the four lists participants recalled). 

Similar proportions were computed for recognition data. For ease of 

comparisons, participants' recognition responses were collapsed such that ratings of 1 

or 2 indicated judgments that the word was "new" (i.e., not pre~ented during the recall 

portion of the study), and ratings of 3 or 4 indicated the word was "old1
' (i.e., presented 

during the recall portion). The nui:nber of items judged "old" for each type of word (e.g., 

studied, recalled; not studied distractor) was counted and divided by the total number of 

words of that type presented on the recognition test. 

Recall 

1n /4S the 
abb11.e11 /4at.M11 frt 
a11.).th 111.et,.i,c. 111.ea11 

Mean proportions for correct and false recall were entered into a 2 (condition) X 

2 (memory type) mixed-design analysis of variance (ANOVA). Across "the two recall 

conditions the proportion of falsely recalled critical items (M = .60, SD = .23) tended to 

"-, be greater than the proportion of correctly recalled list item:,'A1 = .48, SD= .12), F(1, 

~j) /4S the abb11.e11 /4at.M'h 
fM sta11da11.d de11 /4ath11. 
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16) = 4.38, p = .053 (MSE = .03, effect sizer= .47).1 The observed power to detect thi_s 

large effect with the small sample size n = 9 per condition), at alpha = .05, was 

estimated to be only .50. The main effect of condition was not sighifican , F(1, 16) = .10, 

p > .05 (MSE = .02, r = .10, power"' .06). As predicted, howeve/ recall condition and 

memory type interacted to influence participants' recall, F(1, 16) = 9.50, p < .01 (MSE = 

j) t 
'J. 

1 
. .03, r= .61). Simple main effects analyses revealed that recall differed in the 

a-11a-Caf ),~ar./4-Z 
1ia-;.ies a-f ca-1ic1.,i,t ·a-1is. immediate- and.delayed-recall conditions in the predicted di~ection (see Figure 1). 

~ immediate-recall condition did not differ in their proportions of correct 

recall and false recall, F(1, 8) = .41, p > .05 (MSE = .036, r = .22, power= .09); 

fa-a-t1ia-tes appeal/. a-11 a 
sepa11.ate pa1e 11e II. 

e11c/. a-f -;.ta11usC11. pt 
( Mt at ba-t'ta--;.i 
a-f the paje). 

however, participants in the delayed-recall condition were more likely to recall a greater 

proportion of false critical items than correct list items, F(1, 8) = 16.57, p < .005 (MSE = 

.024, r = .82).2 

A second set of simple main effects analyses examined the effect of delay for 

each type of recall. As expected, the proportion of correctly recalled list items 

decreased following delay and the proportion of false recall increased following delay 

J)a, 1ia-t abb11.e11 · te ~ Figure 1 ). For correct list items, participants in the delayed-recall condition recalle~ 
"f o )If• / \W-

1:u11.e, f~ fewer items than participants who recalled list items immediately, F(1, 16) = 15.42, p < 
captM11 a11c/. /44u e 

4 .005 (MSE= .008). The effect size (r) was .70, indicating a very large effect of appeal/. a-11 sepall. e 
pajeS at ~1lc/. a-f immediate-vs. delayed-recall on participants' correct recall (see Cohen, 1988). In 

-;.ta1!USC11./4pt. contrast, the proportion of falsely recalled critical items increased following the 90-s 

delay relative to the immediate-recall condition, F(1, 16) = 3.77, p = .07. The effect size 

-----------------=-" JJe111.ees a-f I 11.e a-~ (r) was .44; however, the estimated power to detect this large effect was only .45 (alpha 

f M stat/4t,i,ca{ te ts 
a11.e 11.epMtec/. /41! 

= .05). 

pa11.e11theses (ur/4m-~---------------------__.1 
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Recognition 

Across two testing sessions separated by 2 days, we examined the proportion of 

items recognized as "old" as a function of whether items were correct list items or false 

critical items and whether the items were recalled (vs. not recalled) during the recall 

portion of the experiment (see Table 1).3 Distractor items were excluded from the 

analyses because the proportion of these items judged "old" was generally low across 

item type and sessions, M= .18 (SD= .12). Main effects were observed for the time, 

memory type, and recalled/not recalled variables. As expected, memory for the items 

decreased over the 2-day oeriod, as the proportion of all items recognized as "old" 

decreased at Time 2 (M = .71, SD= .14) relative to Time 1 (M = .87, SD= .11), F(1, 14) 

= 16.40, P < .005 (MSE = .04, r = .73). Additionally, the main effect of memory type 

indicated that participants rated a higher proportion of false critical items "old" (M = .85, 

SD= .11)than correct list items (M= .73, SD= .13), F(1, 14) = 14.72, P< .005 (MSE= 

.026, r= .71). Thus, in terms of proportions, false recognition was greater than correct 

recognition at Time 1 and Time 2. Finally, the proportion of items judged "old" was 

greater for, lists participants were asked to recall (M = .87, SD = . 09) relative to lists they 

did not recall (M= .71, SD= .14), F(1, 14) =23.57, p< .001 (MSE= .032, r =.79). This 

is the "testing effect" identified by Roediger and McDermott (1995), in which rehearsal 

during the recall portion of the experiment increases subsequent recognition. 

There was also Time. X Recalled/Not Recalled interaction, f(1, 14) = 7.49, p < 

·.05 (MSE = .024, r = .59). This interaction indicated that recognition of words for 

recalled lists was slightly higher at Time 1 (M = .90, SD= .07) relative to Time 2 (M = 

.83, SD• .16), F(1, 15)70 (MSE• .013, , • .42, powe,• .39). lo"""''"' 

ap/4 a /41.e MU11S a a/1.e 
l~a~w-ed bJ a 11u-;.ibu. 
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recognition of words from not-recalled lists dropped significantly at Time 2 (M = .60, SD 

= .18) relatlvetoTime 1 (M= .83, SD= .18), F(1, 15) = 18.63, p<'.005 (MS£= .023, r= 

.74). Thus, rehearsal of the lists (through recall) increased the prdportion of correct 

items and false critical items recognized as "old" even after a 2-/ay period, relative to 

lists that were not rehearsed. 

As noted above, we observed differential effects of delay on the proportion recall 

of correct list items and false critical items. However, a similar effect was not observed 

for recognition data, as the Time X Memory Type interaction was not statistically 

~ 
significant, F(1, 14) = .028, p> .05 (MS£= .014). The effect size, r, for this interaction 

' 
was quite small (.04, power= .05). Thus, the 2-day delay between the recognition tests 

resulted in similar decreases in the proportions of correct list items and false critical 

items that were recognized as "old." 

Discussion 

Participants recalled list items in a single trial of free recall immediately after list 

presentation or following a 90-s filled delay. The proportion of correctly recalled list 

items decreased as a function of delay, but the proportion of false critical items recalled 

increased following the 90-s delay. Participants' recognition of correct iist items and 

false critical items was tested following a 2-day delay. In terms of proportions, false 

recognition of critical items was greater than correct recognition of list items at Time 1 

and Time 2, but recognition for both types of items decreased over the 2-day period. A 

testing effect occurred such that correct and false recognition were greater for lists 

participants had attempted recall relative to lists not recalled. The effects of rehearsal 

persisted over the 2-day period. In general, delay produced large effect sizes for both 
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-------~ 
McDermott (1996) used a 30-s filled delay to examine the effects of delay on 

participants' recall of correct list items and false critical items. Although she observed a 

1Jtt 11ttt use decrease in correct recall following delay, her participants' false recall of critical items 

C011UaCt/401JS such ~was not affected by delay. In contrast, we observed an increase in the proportion of 
(t 't )I w-as11 . 
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false critical items recalled following a 90-s delay. One reason for this discrepancy may 

be derived from our differing findings for correct list recall. In McDermott's study the 

proportion of correct list items recalled following a 30-s delay was .50; in our study, the 

proportion of correct recall following a 90-s delay was .39. To the extent that a longer 

delay increased participants' forgetting of correct list items in our study, they may have 

had to rely more on schema-based recall, which we hypothesized to increase the 

occurrence of false memories. Alternatively, discrimination between If.Rs and memory 

for list items may become more difficult with longer delays. As a result, greater 

proportions of false recall would be expected (as was observed). This explanation is 

corroborated by McDermott's findings that after a 2-day delay, the proportion of falsely 

recalled critical items was greater than the proportion of correctly recalled items (similar 

to our findings for recognition). Thi.l's, in both studies, participants demonstrated high 

levels of false recall that persisted over time. 

---» 
Payne et al. (1996) examined participants' recognition memory for correct list 

items and false critical items in immediate (2 min) and delayed (24 hr) conditions. 

• Similar to our recognition data, Payne et al. observed that false critical items were 

recognized with higher likelihood at both testing sessions than correct list items. 

However, they also obser.ted an interaction between item type (correct, false) and 

fttCWU(i11j SM1la,tw.e,-4--___ , _________________ ___. 
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retention (Immediate, delayed) for their recognition data that we did not. They observed 

more forgetting for correct list items than false critical items over t~hr period, 

whereas over our 2-day period we observed similar decreases fclr correct list items and 

false critical items. Differences in the retention interval (24 vs. /a hr), the number of 

word lists (16 vs. 12), or other procedural differences may account for this discrepancy. 

The findings of this study and those of other recent studies indicate that false 

memories are frequent and persist following delays. Moreover, there is accumulating 

evidence to suggest that false memories for highly associated information may exceed 

correct memory over time. These data are limited to individuals' recall for highlY,_ 

associated list items. Important areas for future research include false memories for 

natural categories such as people and events. Also, it is not clear to what extent 

individuals' emotions may affect correct and false recall. This question is particularly 

relevant to the issue of false memory in the emotionally charged situations of 

eyewitness testimony and therapy. 

11.o-te: Refuew:,es sectM11 bej/41!S tJ11 a 11ew 
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Footnotes 

1 The effect size, r, was derived from ANOVA output that presented r,2 as a measure 

of effect size. T/2 represents the proportion of variance in the dependent variable that 

is accounted for by the independent variable. r,2 is analogous to r2 in analyses 

involving one df for the effect. The square root of r,2 represents r, the magnitude of 

linear relationship between two variables. Cohen (1988) offers the following guidelines 

for interpreting the size of an effect using r: small effect, r = .1 O; medium effect, r = .25; 

large effect, r = .40. 

2 Simple main effect analyses were calculated by treating the comparison as a one-way 

ANOVA, as recommended by Keppel (1991) for mixed designs. 

3 We also examined whether immediate- vs. delayed-recall conditions influenced 

recognition in the ANOVA. Because this variable did not produce any statistically 

significant effects in the recognition analyses, it will not be discussed further. 
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f 11.()'1',t, b()'dJ ()'f t bCe~ Mean Proportions for Recognizing Items as "O/d"at Time 1 andTime2{48-hrDelay) 

Ce11tu C()'{u1'4.1! '--------- Studied and Studi~d and / 

head.i111s ()'1/eA recalled not recalled Distractor 

appMpA.iate C()'UI., 

X .i11e sepa11.ates 
head.i111s f M1'4. 
data. 

X.iM at e11d ()'f 
data. 

YabCe "1t()'tes " a 
tJ ped /Cush -w ,it 
Ceft 1tr,a11.1.i11. 

Correct list items 

Time 1 .84 .79 .19 

(.12) (.17) (.12) 

Time2 .76 .56 .18 

(.22) (.16) (.16) 

False critical items 

Time 1 .97 .88 .28 

abCe (.12) (.20) (.13) 

Time2 .91 .64 .17 

~ (.20) (.24) (.10) 

~ Note. Standard deviations are in parentheses. "Recalled" and "Not Recalled" refer to 

whether participants were asked to recall list items at Time 1, not whether these items 

were produced by participants during recall. 

~te: 1lse d()'ubCe-space .i11 tabCe. -PCace ()'1!{J ()'1!e tabCe 
()'1! a pa1e, 
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