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Items that are Subject to Retrieval-induced Forgetting show Slowed Forgetting 

over Time

Abstract 

Retrieval-induced forgetting (RIF) refers to the finding that selective re-

trieval practice of a subset of studied items can impair recall of related un-

practiced items, relative to recall of unrelated control items. Using catego-

rized study material, we examined in two experiments how the retention in-

terval between retrieval practice and test (1 min, 4 h, 24 h, or 7 d) influences 

the size of this RIF effect. Across both experiments, the RIF effect was robust 

at shorter retention intervals (1 min, 4 h) but disappeared at longer intervals 

(24 h, 7 d). Unlike prior work, we also fitted power functions of time to the 

recall rates of unpracticed and control items to examine forgetting rates of 

the two types of items. Analysis of the function's parameters showed that 

while unpracticed items were initially impaired, they were forgotten more 

slowly over time than control items, making RIF disappear at longer reten-

tion intervals. Results are discussed with respect to prominent accounts of 

RIF. 
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Items that are Subject to Retrieval-induced Forgetting show Slowed Forgetting 

over Time 

Retrieval practice shortly after encoding enhances memory performance for the stud-

ied material relative to conditions in which the studied material is reexposed for further 

study or is not repeated at all. This beneficial effect of retrieval practice is often referred 

to as the testing effect and has been demonstrated over a wide range of materials and 

experimental settings (for reviews, see Karpicke, 2017; Roediger & Butler, 2011). Quite 

often, the testing effect is not yet observable when the retention interval between practice 

and test is short and in the order of minutes but emerges with prolonged retention inter-

val (e.g., Roediger & Karpicke, 2006; Toppino & Cohen, 2009). Consistent with this 

finding, analysis of time-dependent forgetting of retrieval practiced, restudied, and not 

repeated studied items has shown that, when measuring recall performance for the three 

item types at several retention intervals and fitting a power function of time to these 

data, forgetting rates for retrieval practiced items turn out to be reduced compared to the 

forgetting rates of restudied or not repeated items (Carpenter et al., 2008; Nickl & 

Bäuml, 2023). Retrieval practice thus seems to attenuate time-dependent forgetting of 

studied material. 

Retrieval practice in daily life, be it in educational settings or eyewitness testimony 

situations, is often selective and only a subset of the encoded material is retrieved. Such 

selective retrieval, when conducted shortly upon encoding, has been shown to not only 

influence memory performance for the practiced material but to also influence memory 

performance for the unpracticed material. Indeed, while selective retrieval practice im-

proves memory performance for the practiced material, which parallels the testing ef-

fect, it often impairs memory performance for the unpracticed material. In the typical 
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experimental setup demonstrating this finding, participants study several items from dif-

ferent semantic categories (e.g., FRUIT-orange, FURNITURE-chair, FRUIT-banana, 

FURNITURE-table) and shortly after study practice retrieval of half of the items from 

half of the categories (e.g., FRUIT-or___). On a cued recall test few minutes after re-

trieval practice, in which participants are asked to recall all studied items (e.g., FRUIT-

b___, FRUIT-o___, FURNITURE-t___, FURNITURE-c___), this retrieval practice 

typically leads to enhanced recall for the practiced items (orange) and reduced recall for 

the unpracticed items from the practiced categories (banana), referred to as unpracticed 

items in the following. Both effects arise relative to recall for the unpracticed items from 

the unpracticed categories (chair, table), which serve as control items in this task (An-

derson et al., 1994; Anderson & Spellman, 1995). This detrimental effect, known as 

retrieval-induced forgetting (RIF), has been replicated across a wide range of materials 

and experimental settings (Bäuml & Kliegl, 2017; Storm et al., 2015).  

While research on the testing effect suggests that the size of the testing effect in-

creases with length of retention interval between practice and test, to date no conclusive 

evidence exists on how retention interval influences the size of the RIF effect. The few 

studies that examined the issue in prior work mostly compared recall of unpracticed and 

control items after a longer retention interval of typically 24 h or 7 d with recall of the 

items after a short retention interval of 5 min or less (for a short review, see Bäuml & 

Kliegl, 2017). Among these studies, five studies employed a 24-h retention interval as 

the long retention interval. They found RIF to be present after the short but to be absent 

after the long retention interval (Abel & Bäuml, 2014; Carroll et al., 2007; Chan, 2009; 

MacLeod & Macrae, 2001; Saunders & MacLeod, 2002). In contrast, two studies em-

ployed a 7-d retention interval as the long retention interval. They found RIF to be pre-

sent after both the short and the long retention interval and the size of the RIF effect to 



 

 

MEIXENSPERGER & BÄUML   5 
 

 

not diminish statistically with retention interval (Garcia-Bajos et al., 2009; Storm et al., 

2012). Only one study (Tandoh & Naka, 2007) used more than two retention intervals 

(immediate recall, 10 min, 1 h, 7 d) to examine how retention interval influences RIF. 

This study found RIF effects of similar size across retention intervals, which, however, 

may have been influenced by the rather small RIF effect in the immediate recall condi-

tion (~6 percentage points). To date, no study in the literature analyzed time-dependent 

forgetting of the single item types by fitting power functions of time to the recall rates 

and comparing forgetting rates of unpracticed and control items. 

Forgetting over time typically shows a curvilinear nature, with memory performance 

declining rapidly soon after encoding followed by a long, much slower decline in per-

formance (Ebbinghaus, 1885). Such forgetting often has been captured by a power func-

tion of time, r(t) = a(1 + t)-b, where r(t) represents proportion of remembered items at 

time t, parameter a represents performance level directly after encoding, and parameter 

b represents the relative forgetting rate as time passes. While the power function is able 

to describe time-dependent forgetting over a wide range of experimental situations (Ru-

bin & Wenzel, 1996; Wixted & Ebbesen, 1991, 1997), time-dependent forgetting of un-

practiced items after selective retrieval has not been studied yet. It is thus unclear 

whether unpracticed and control items show similar or different forgetting rates as time 

after retrieval practice passes. Critically, the power function has a focus on relative for-

getting that contrasts with the focus on absolute forgetting in the ANOVA-based ap-

proach (see Wixted, 2022). Indeed, equality of absolute forgetting can differ from equal-

ity of forgetting in relative terms. For instance, if retention drops from 50 to 30 percent-

age points for one item type (-40%) and from 30 to 10 percentage points for another 

item type (-67%), then both show the same absolute drop (-20 percentage points) but 

very different relative forgetting. This illustrates why power functions provide insights 
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beyond standard ANOVA comparisons (see Carpenter et al., 2008; Nickl & Bäuml, 

2023; Wixted, 2022). 

The two most prominent explanations of RIF are the inhibition and blocking accounts 

of RIF. The inhibition account proposes that RIF arises as a consequence of the necessity 

to overcome retrieval competition during selective retrieval practice (Anderson, 2003). 

This account assumes that when a subset of the studied items is practiced (e.g., orange), 

the not-to-be-practiced items (e.g., banana) interfere and compete for conscious recall. 

To reduce the interference and facilitate selection of the to-be-practiced items, the 

memory representation of the not-to-be-practiced items becomes suppressed, leading to 

weakened representations of these items and impaired recall on a later memory test. In 

contrast, the blocking account assumes that retrieval practice during selective retrieval 

strengthens the associations between the practiced items (e.g., orange) and their category 

cue (e.g., FRUIT), and such strengthening leads to blocking of the category’s (not 

strengthened) unpracticed items (e.g., banana) at test, creating RIF (Raaijmakers & 

Jakab, 2013). Thus, according to inhibition, RIF arises as a result of inhibitory action 

during selective retrieval, whereas according to blocking, RIF arises as a result of 

strength-based competition at test. The two accounts are not mutually exclusive and 

there is indeed evidence that both can contribute to RIF under certain experimental con-

ditions (see Rupprecht & Bäuml, 2015). 

On the basis of the inhibition and blocking accounts of RIF, no unequivocal expecta-

tions arise on whether relative forgetting rates differ between unpracticed and control 

items. According to the inhibition account, unpracticed items show a reduced memory 

representation compared to control items. Because items of different memory strength 

typically show similar absolute forgetting (Slamecka & McElree, 1983; Wixted, 2022), 

the (stronger) control items and the (weaker) unpracticed items might also show similar 
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absolute forgetting and thus a comparable size of the RIF effect across retention interval. 

As outlined above, the (weaker) unpracticed might then show enhanced relative forget-

ting compared to the (stronger) control items. However, it has repeatedly been argued 

that recovery from inhibition may be an intrinsic property of inhibition (see Carroll et 

al., 2007; MacLeod & Macrae, 2001; Storm et al., 2012). If so, unpracticed items should 

show reduced absolute forgetting compared to control items. Whether unpracticed items 

would also show reduced relative forgetting depends on detail. For instance, if retention 

dropped from 50 to 30 percentage points for control items, and from 30 to 18 percentage 

points for unpracticed items, then the two item types would differ in absolute forgetting 

(-20 versus -12 percentage points) but show the same relative forgetting (-40%); if un-

practiced items dropped only from 30 to 24 percentage points, then unpracticed items 

would show both reduced absolute and reduced relative forgetting compared to control 

items (-40% versus -20%); if unpracticed items dropped from 30 to even 12 percentage 

points, then unpracticed items would show reduced absolute but enhanced relative for-

getting compared to control items (-40% versus -60%). 

On the basis of the blocking account, expectations on how retention interval influ-

ences RIF are also not unequivocal and depend on whether interference between list 

items is assumed to persist or diminish with retention interval. If interference effects 

persist with retention interval, blocking effects should remain present with retention in-

terval and might induce RIF effects of similar size across retention interval. Unpracticed 

items might then show an enhanced relative forgetting rate compared to control items 

(see above). However, results from several experimental tasks suggest that interference 

effects between list items can diminish with retention interval (e.g., Kriechbaum & 

Bäuml, 2023; Lehmer & Bäuml, 2018). In such case, blocking effects should also de-

crease with retention interval, which would lead to a reduction in absolute forgetting for 
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unpracticed items. Analogous to the inhibition account when recovery from inhibition 

is assumed to be present, unpracticed items might then show a relative forgetting rate 

that is reduced, similar, or even enhanced compared to control items, dependent on how 

the two item types differ in absolute forgetting over time. 

The present study had two goals. The first goal was to use an experimental setup that 

is typical for RIF studies in the literature and measure recall rates of unpracticed and 

control items over more than two retention intervals. Beyond a short 1-min and a longer 

4-h retention interval, both a 24-h and a 7-d retention interval were employed, as prior 

work reported a RIF effect after the 7-d retention interval but not the 24-h retention 

interval. We used ANOVA to compare unpracticed and control items’ absolute forget-

ting over time and t-tests to analyze whether the RIF effect was still present in the longer 

retention interval conditions. The second goal of the study was to compare unpracticed 

and control items’ relative forgetting rates across retention intervals. For this purpose, 

power functions of time were fitted to the recall rates of the two item types and the 

estimated relative forgetting rate parameter of the function (b) was compared across item 

types.  

Two experiments were conducted, each employing categorized word lists as study 

material. In Experiment 1, item type was varied within participants, as has been done in 

most prior RIF work, and retention interval was varied between participants. All partic-

ipants studied a list of 36 items, consisting of six items from each of six different cate-

gories. Each participant practiced half of the items from half of the categories shortly 

after study. At test, each participant was asked to recall all studied items 1 min, 4 h, 24 

h, or 7 d after retrieval practice. Both at practice and at test, cued recall formats were 

employed and each item’s category name and unique word stem (at practice) or each 

item’s category name and unique initial letter (at test) were provided as retrieval cues. 
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Experiment 2 was similar to Experiment 1 but employed other categorized material and 

varied item type (unpracticed vs. control items and practiced vs. control items) between 

participants and retention interval within participants, thus following prior work on time-

dependent forgetting that also varied retention interval within participants (Carpenter et 

al., 2008; Siler & Benjamin, 2020). All participants studied a list of 48 items, consisting 

of six items from each of eight categories. Half of the participants practiced half of the 

items from each single category, whereas the other half of the participants did not engage 

in any retrieval practice. At test, each participant recalled all six items of two categories 

1 min after retrieval practice, all six items of two other categories 4 h after retrieval 

practice, all six items of two further categories 24 h after retrieval practice, and, finally, 

all six items of the last two categories 7 d after retrieval practice. The same cued recall 

formats were employed at practice and at test as were used in Experiment 1. 

The results of the two experiments may help resolve the inconsistencies arising from 

prior RIF work and provide more clearcut evidence on whether unpracticed and control 

items differ in absolute forgetting over time. Above all, this study is the first to examine 

unpracticed and control items' relative forgetting rates across multiple retention intervals 

using power function analysis. The results will thus provide first evidence on whether 

unpracticed and control items show similar or different relative forgetting rates. The 

findings will impose important restrictions on current accounts of RIF. 

Experiment 1 

Methods 

Ethical considerations 

Both experiments were carried out in accordance with the provisions of the World 

Medical Association Declaration of Helsinki. 
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Participants 

A total of 192 participants took part in the experiment (M = 23.68 years, SD = 3.97, 

range = 18-35 years, 149 female, 1 divers). They were recruited from Regensburg Uni-

versity, as well as by placing online advertisements in students’ groups of different Ger-

man universities. Participants were distributed equally across the four between-partici-

pants conditions, yielding n = 48 participants per condition. We determined the desired 

sample size based on reported effect sizes in prior work on the effects of selective re-

trieval practice and retention interval on unpracticed and control items (e.g., Abel & 

Bäuml, 2014; Chan, 2009; Storm et al., 2012), counterbalancing purposes, and the re-

sults of analyses of test power conducted with the G*Power program (version 3.1; Faul 

et al., 2007). For these analyses, we set α at .05, power at .80, and (i) d at 0.50 to detect 

at least a medium-sized RIF effect after short retention interval and (ii) f at 0.15 to detect 

at least a small- to medium-sized effect for the interaction between the factors of item 

type (unpracticed vs. control items) and retention interval. All participants spoke Ger-

man as their native language and reported no neurological or psychiatric disease. In both 

experiments, all participants gave their spoken informed consent and took part in the 

experiment in return for either course credit or a compensatory amount of money. In 

both experiments, there were no participants failing to show up when testing was de-

layed and there were no participants that were excluded from analysis. 

Materials 

The material consisted of 36 concrete German nouns which belonged to six different 

semantic categories (translated into English: type of fabric, kitchen utensil, four-footed 

animal, weather phenomenon, part of a building, tree), with each category comprising 

six exemplars (Van Overschelde et al., 2004). Within categories, all items had unique 

initial letters. For instance, translated into English, the exemplars in the category type of 
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fabric were cashmere, flannel, wool, polyester, leather, and sheepskin, and the exem-

plars in the category tree were spruce, beech, larch, maple, palm, and chestnut (for more 

details, see Meixensperger & Bäuml, 2025). For each participant, half of the categories 

served as practiced categories, whereas the other half served as control categories. Each 

category's six words were randomly divided into two sets of three words each. For the 

practiced categories, the one set of words was selectively retrieved during retrieval prac-

tice (practiced items, P+ items), whereas the other set was left unpracticed (unpracticed 

items, P- items). At test, a category's P- items were always recalled before the category's 

P+ items. For the control categories, no items were selectively retrieved during practice 

but the one set (C- items) was recalled first at test and thus matched the output position 

of the P- items, whereas the other set (C+ items) was recalled after the first set and thus 

matched the output position of the P+ items. It was counterbalanced across participants 

which categories served as practiced and control categories and, within categories, 

which items served as P+ and P- items respectively C+ and C- items. 

Design 

The experiment followed a 4 (RETENTION INTERVAL: 1 min vs. 4 h vs. 24 h vs. 

7 d) x 4 (ITEM TYPE: P- vs. P+ vs. C- vs. C+) mixed factorial design. Retention interval 

was manipulated between participants, item type was manipulated within participants. 

Procedure 

Data collection took place via Zoom meetings (Zoom Video Communications), in 

which participants and experimenters were connected by live webcam and microphone 

feeds. For participants in the 1-min retention interval condition, the experiment took 

place during a single session, while for all other participants the experiment consisted 

of two sessions with 4-h, 24-h, and 7-d retention intervals between them. During each 
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session, the experimenter shared their screen and instructed participants orally. The soft-

ware PowerPoint 2019 (Microsoft Corporation) was used for stimulus presentation. 

The experiment consisted of three main phases: study phase, retrieval practice phase, 

and test phase. For all participants, the experiment started with the study phase, during 

which all 36 items were presented together with their category labels centrally on the 

computer screen for 5 s each. They were displayed individually and in a pseudorandom-

ized order, with no two items of the same category following each other. Afterwards, 

participants were asked to count backwards in steps of three from a randomly selected 

three-digit number for 30 s before retrieval practice started. During retrieval practice, all 

participants were asked to recall half of the items from three of the six categories (P+ 

items) in three successive practice cycles. The words’ category labels and unique word 

stems were provided as retrieval cues. The participants had 6 s to recall each single item. 

Answers were given orally. Retrieval practice was followed by a 1-min distractor task, 

in which participants sorted number triples by their value.  

For the participants in the 1-min retention interval condition, the test phase followed 

immediately after the number triples sorting, while the participants in the three condi-

tions with long retention interval (4 h, 24 h, and 7 d) were dismissed and returned for 

the second session after the corresponding retention interval. The second session started 

with a 1-min distractor task, in which participants rated the pleasantness of places which 

were presented one after the other on the computer screen. The test phase was the same 

for all participants. The words’ category labels and unique first letters were provided as 

retrieval cues and were presented successively in a category blocked manner positioned 

centrally on the computer screen. The sequence of categories was pseudorandomized, 

with no more than two practiced or control categories following each other. The items 

of a category were tested successively in a randomized order with the restriction that for 
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the practiced categories, the P- items were always tested first followed by the P+ items, 

and for the control categories, the C- items were always tested first followed by the 

remaining C+ items. The participants had 6 s to recall each single item and gave their 

response orally before the next retrieval cue appeared on the screen. 

Fitting the power function to the recall rates 

The procedure followed prior work from our lab (Bäuml et al., 2025, Bäuml & Trissl, 

2022; Nickl & Bäuml, 2023). We fitted a power function of time, r(t) = a(1 + t)-b, to 

practiced, unpracticed, and control items’ recall rates using maximum likelihood meth-

ods (Riefer & Batchelder, 1988; Wickens, 1982). For each item type, the goodness-of-

fit of the power function was compared to the goodness-of-fit of a statistical baseline 

model, which describes recall rates in the four retention interval conditions (1 min, 4 h, 

24 h, and 7 d after practice) as the product of four independent binomial distributions. 

The comparison of the two models – power function versus statistical baseline model – 

is based on the calculation of a likelihood ratio and leads to an approximative χ2-test 

with two degrees of freedom. The parameters of the power function were estimated by 

maximizing the likelihood function of the power function. For this maximization, we 

employed hours since practice as units of measurement of time. 

If the power function was able to describe recall rates for each item type, we exam-

ined whether the parameters a and b of the power function varied significantly between 

pairs of item types. For this analysis, we combined two sets of recall rates (e.g., the recall 

rates of unpracticed and control items) and compared the goodness-of- fit of the general 

power function model – with two free a-parameters and two free b-parameters – with a 

power function model that imposes the restriction that parameters a or b are constant 

across conditions. Again, the comparison between the two models is based on the cal-

culation of a likelihood ratio and leads to a χ2-test with one degree of freedom. The 
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parameters of the power functions were estimated by maximizing the likelihood function 

of the power functions. 

Results 

Success rates during retrieval practice 

Participants recalled 88.89% (SD = 11.37) of the items in the first practice cycle, 

91.26% (SD = 9.59) in the second practice cycle, and 91.96% (SD = 9.18) in the third 

practice cycle. A 3 × 4 mixed-factors ANOVA with the within-participants factor of 

practice cycle (first, second, third) and the between-participants factor of retention in-

terval (1 min, 4 h, 24 h, 7 d) showed a main effect of practice cycle, F(2, 376) = 30.21, 

MSE = 16.44, p < .001, ηp
2 = 0.14, but no main effect of retention interval condition, 

F(3, 188) = 0.03, MSE = 276.56, p = .994, ηp
2 = 0.00, and no interaction between the 

two factors, F(6, 376) = 1.53, MSE = 16.44, p = .169, ηp
2 = 0.02. Success rates during 

practice thus increased over the three practice cycles (first vs. second cycle: t(191) = 

5.27, p < .001, d = 0.38; second vs. third cycle: t(191) = 2.73, p = .007, d = 0.20) and 

did not vary with retention interval condition. 

Recall of unpracticed and control items at test 

Figure 1A shows percentage of recalled P- (unpracticed) and C- (control) items at all 

four retention intervals together with the best fitting power functions for the two item 

types. A 2 x 4 mixed-factors ANOVA with the within-participants factor of item type 

(P- items, C- items) and the between-participants factor of retention interval (1 min, 4 

h, 24 h, 7 d) showed a main effect of item type, F(1, 188) = 16.07, MSE = 184.35, p < 

.001, ηp
2 = 0.08, indicating lower recall for P- than C- items and thus a general RIF 

effect, a main effect of retention interval condition, F(3, 188) = 17.66, MSE = 292.35, p 

< .001, ηp
2 = 0.22, indicating typical time-dependent forgetting, and an interaction be-

tween the two factors, F(3, 188) = 3.63, MSE = 184.35, p = .014, ηp
2 = 0.05, suggesting 
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a decline of the size of the RIF effect with retention interval. Planned comparisons be-

tween recall of P- and C- items at all four retention intervals revealed a significant RIF 

effect at the 1-min, t(47) = 5.42, p < .001, d = 0.78, BF01 = 0.00, and 4-h retention 

intervals , t(47) = 2.11, p = .041, d = 0.30, BF01 = 1.10, but no significant RIF effects at 

the 24-h, t(47) = 1.23, p = .227, d = 0.18, BF01 = 4.28, and 7-d retention intervals, t(47) 

= 0.09, p = .927, d = 0.01, BF01 = 8.82. 

The power function described the time-dependent forgetting of the P- and C- items 

well, as is reflected by the χ2(2)-values of 1.56 for the P- items and 3.40 for the C- items. 

A direct comparison of the function’s parameters a and b between item types revealed 

that parameter a differed significantly between item types and was higher for the C- than 

P- items, χ2(1) = 16.69. Importantly, forgetting rate parameter b also differed signifi-

cantly between the two item types, and indicated a lower relative forgetting rate for the 

P- items, χ2(1) = 5.08. P- items thus showed lower recall shortly after practice accompa-

nied by a reduced relative forgetting rate. 

Recall of practiced and control items at test 

Figure 2A shows percentage of recalled P+ (practiced) and C+ (control) items at all 

four retention intervals. A 2 x 4 mixed-factors ANOVA with the within-participants 

factor of item type (P+ items, C+ items) and the between-participants factor of retention 

interval (1 min, 4 h, 24 h, 7 d) showed a main effect of item type, F(1, 188) = 350.14, 

MSE = 215.99, p < .001, ηp
2 = 0.65, indicating higher recall for P+ than C+ items, and a 

main effect of retention interval condition, F(3, 188) = 26.57, MSE = 270.33, p < .001, 

ηp
2 = 0.30, indicating time-dependent forgetting. There was no interaction between the 

two factors, F(3, 188) = 1.15, MSE = 215.99, p = .331, ηp
2 = 0.02. 

The power function described the time-dependent forgetting of the C+ items well, as 

is reflected by the χ2(2)-value of 1.52. By contrast, the power function could not describe 
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the time-dependent forgetting of the P+ items (χ2(2) = 7.17). As a result, it did not make 

sense to statistically compare parameters a and b between the two item types. 

Discussion 

The results replicate prior RIF work by showing that selective retrieval practice 

shortly upon encoding can impair recall of related unpracticed items when the retention 

interval between practice and test is on the order of few minutes. Besides, the results 

also show a RIF effect when the retention interval was prolonged up to 4 h, but fail to 

find a RIF effect for the longer retention intervals of 24 h and 7 d. These findings suggest 

reduced absolute forgetting over time for unpracticed compared to control items. The 

results also show that unpracticed items’ forgetting over time can be well described by 

a power function of time. Analysis of the forgetting rate parameter of the function indi-

cated that unpracticed items also show reduced relative forgetting compared to control 

items, pointing to slowed forgetting over time for unpracticed items. The goal of Exper-

iment 2 was to replicate these findings with other study material and when retention 

interval was varied within and item type (P- vs. C- items and P+ vs. C+ items) between 

participants. 

Experiment 2 

Methods 

Participants 

Another 128 participants took part in the experiment (M = 23.17 years, SD = 2.91, 

range = 18-30 years, 96 female). They were recruited from Regensburg University, as 

well as by placing online advertisements in students’ groups of different German uni-

versities. Participants were distributed equally across the two between-participants con-

ditions, yielding n = 64 participants per condition. Sample size was again determined on 
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the basis of power analyses conducted in G*Power (version 3.1, Faul et al., 2007) as 

well as counterbalancing purposes. For the power analyses, we again set α at .05, power 

at .80, and (i) d at 0.50 to detect at least a medium-sized RIF effect after short retention 

interval and (ii) f at 0.15 to detect at least a small- to medium-sized effect for the inter-

action between the factors of item type (unpracticed versus control items) and retention 

interval. All participants spoke German as their native language and reported no neuro-

logical or psychiatric disease.  

Materials 

Two new word lists each consisting of 48 concrete German nouns were used as study 

material (Scheithe & Bäuml, 1995; Van Overschelde et al., 2004). Each list consisted of 

eight different semantic categories, with each category comprising six exemplars with 

unique initial letters (for details, see Meixensperger & Bäuml, 2025). Like in Experi-

ment 1, a category's six words were randomly divided into two sets of three words each. 

For the group of participants who engaged in retrieval practice, a category's one set was 

used as P+ items and the other set as P- items, with P- items being recalled first and P+ 

items second at test. Analogously, for the group of participants who did not engage in 

any retrieval practice, a category's one set was used as C+ items and the other set as C- 

items, with C- items being recalled first and C+ items second at test. It was counterbal-

anced within categories, which items served as P+ and P- items respectively C+ and C- 

items. For half of the participants, the one item list served as study material, whereas for 

the other half of the participants, the other item list was used for study. 

Design 

The experiment followed a 4 (RETENTION INTERVAL: 1 min vs. 4 h vs. 24 h vs. 

7 d) x 2 (PRACTICE: retrieval practice vs. no retrieval practice) mixed factorial design. 

Practice was manipulated between participants. Participants who engaged in retrieval 
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practice produced P- and P+ items, participants who did not engage in any retrieval 

practice produced C- and C+ items. Retention interval was manipulated within partici-

pants, so that every participant ran all four tests 1 min, 4 h, 24 h, and 7 d after retrieval 

practice. 

Procedure 

Like in Experiment 1, data collection took place via Zoom meetings (Zoom Video 

Communications), in which participants and experimenters were connected by live 

webcam and microphone feeds. All participants took part in four sessions. After the first 

test 1 min after retrieval practice, the participants were dismissed and returned for the 

following sessions 4 h, 24 h, and 7 d after retrieval practice. During all sessions of the 

experiment, the experimenter shared their screen and instructed participants orally. The 

software PowerPoint 2019 (Microsoft Corporation) was used for stimulus presentation. 

The experiment consisted of a study phase, a retrieval practice phase, and an extended 

test phase that took place 1 min, 4 h, 24 h, and 7 d after retrieval practice. For all partic-

ipants, the experiment started with the study phase, during which all 48 items of one of 

the two study lists were presented together with their category labels centrally on the 

computer screen for 5 s each. They were displayed individually and in a pseudorandom-

ized order, with no two items of the same category following each other. Afterwards, 

participants were asked to count backwards in steps of three from a randomly selected 

three-digit number for 30 s before retrieval practice started. During retrieval practice, 

half of the participants were asked to recall half of the items from all eight categories in 

three successive retrieval cycles. The words’ category labels and unique word stems 

were provided as retrieval cues. The participants had 6 s to recall each single item. An-

swers were given orally. The other half of the participants completed a neutral distractor 

task for the same period of time, in which they engaged in decision tasks. Retrieval 
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practice respectively the neutral distractor task were followed by a 1-min distractor task 

(sorting number triples) for all participants.  

The test phase consisted of four successive tests 1 min, 4 h, 24 h, and 7 d after retrieval 

practice. During each test, participants recalled the items of two of the eight studied 

categories. It was counterbalanced which categories were recalled in which of the four 

tests. The words’ category labels and unique first letters were provided as retrieval cues 

and were presented successively in a category blocked manner positioned centrally on 

the computer screen. The sequence of the categories was randomized. Within each cat-

egory, the P- items were always tested first followed by the P+ items for participants 

with retrieval practice, and the C- items first followed by the C+ items for participants 

without retrieval practice. Participants had 6 s to recall each item and gave their response 

orally before the next retrieval cue appeared on the screen. The first session ended after 

the first test and a 1-min distractor task, in which participants calculated cross sums 

before they were dismissed. The three subsequent sessions 4 h, 24 h, and 7 d after re-

trieval practice followed the same basic procedure. Each session started with a 1-min 

distractor task, in which the participants rated the pleasantness of pictures (places, food, 

faces). Afterwards, participants were asked to recall the words of two more of the studied 

categories. The procedure of the test was the same as for the first test 1 min after retrieval 

practice. Like at the end of the first test, at the end of the tests conducted 4 h and 24 h 

after retrieval practice, participants calculated cross sums before they were dismissed. 

Fitting the power function to the recall rates 

The fitting of power functions to the recall rates of the single item types followed the 

procedure employed in Experiment 1. 
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Results 

Success rates during retrieval practice 

Participants recalled 87.70% (SD = 8.08) of the items in the first practice cycle, 

90.17% (SD = 6.23) in the second practice cycle and 91.34 (SD = 6.05) in the third 

practice cycle. A one-way ANOVA with the within-participants factor of practice cycle 

(first, second, third) showed a main effect of practice cycle, F(2, 126) = 26.62, MSE = 

8.33, p < .001, ηp
2 = 0.30. Like in Experiment 1, success rates during practice increased 

over the three practice cycles (first vs. second cycle: t(63) = 4.66, p < .001, d = 0.58; 

second vs. third cycle: t(63) = 3.44, p = .001, d = 0.43). 

Recall of unpracticed and control items at test 

Figure 1B shows percentage of recalled P- (unpracticed) and C- (control) items at all 

four retention intervals together with the best fitting power functions for the two item 

types. A 2 x 4 mixed-factors ANOVA with the between-participants factor of item type 

(P- items, C- items) and the within-participants factor of retention interval (1 min, 4 h, 

24 h, 7 d) showed a main effect of item type, F(1, 126) = 9.28, MSE = 733.70, p = .003, 

ηp
2 = 0.07, indicating a general RIF effect, a main effect of retention interval condition, 

F(3, 378) = 11.86, MSE = 367.41, p < .001, ηp
2 = 0.09, indicating time-dependent for-

getting, and an interaction between the two factors, F(3, 378) = 2.63, MSE = 367.41, p 

= .050, ηp
2 = 0.02, suggesting a decline of the size of the RIF effect with retention inter-

val. Again, planned comparisons between recall rates of P- and C- items at all four re-

tention intervals revealed a significant RIF effect at the 1-min, t(126) = 3.78, p < .001, 

d = 0.67, BF01 = 0.01, and 4-h retention intervals, t(126) = 2.33, p = .022, d = 0.41, BF01 

= 0.58, but no significant RIF effect at the 24-h, t(126) = 1.24, p = .216, d = 0.22, BF01 

= 3.51, and 7-d retention intervals, t(126) = 0.40, p = .689, d = 0.07, BF01 = 6.76. 
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The power function described the time-dependent forgetting of the P- and C- items 

well, as is reflected by the χ2(2)-values of .14 for the P- items and .43 for the C- items. 

A direct comparison of the function’s parameters a and b between item types revealed 

that both parameter a and parameter b were higher for the C- than P- items (parameter 

a: χ2(1) = 21.18, parameter b: χ2(1) = 5.24). Thus, like in Experiment 1, P- items showed 

lower recall shortly after practice accompanied by a reduced relative forgetting rate. 

Recall of practiced and control items at test 

Figure 2B shows percentage of recalled P+ (practiced) and C+ (control) items at all 

four retention intervals. A 2 x 4 mixed-factors ANOVA with the between-participants 

factor of item type (P+ items, C+ items) and the within-participants factor of retention 

interval (1 min, 4 h, 24 h, 7 d) showed a main effect of item type, F(1, 126) = 109.94, 

MSE = 614.93, p < .001, ηp
2 = 0.47, indicating higher recall rates for P+ than C+ items, 

and a main effect of retention interval condition, F(3, 378) = 31.98, MSE = 319.45, p < 

.001, ηp
2 = 0.20, indicating time-dependent forgetting. There was no interaction between 

the two factors, F(3, 378) = 0.35, MSE = 319.45, p = .792, ηp
2 = 0.00. 

The power function described the time-dependent forgetting of the P+ items well, as 

is reflected by the χ2(2)-value of 4.51. However, the function could not describe the 

time-dependent forgetting of the C+ items, which is reflected by the χ2(2)-value of 9.02. 

Therefore, we did not statistically compare parameters a and b between item types. 

Discussion 

The results replicate the findings of Experiment 1. Again, RIF arose after the 1-min 

and 4-h retention intervals but not after the longer 24-h and 7-d retention intervals, sug-

gesting reduced absolute forgetting over time for unpracticed compared to control items. 

Also, the recall rates of both unpracticed and control items were again well described by 

a power function of time, with the forgetting rate parameter of the function being 
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reduced for unpracticed compared to control items. Like the findings of Experiment 1, 

these results suggest slowed forgetting over time of unpracticed items. 

General Discussion 

This is the first study in the literature that examined the effect of selective retrieval 

practice on unpracticed items’ recall rates over more than two retention intervals, ana-

lyzing both unpracticed and control items’ absolute forgetting over time and unpracticed 

and control items’ relative forgetting rates. In both experiments, ANOVA of recall rates 

of unpracticed and control items showed a gradual attenuation of absolute forgetting 

over time for unpracticed compared to control items, with the RIF effect being statisti-

cally present after the short and 4-h retention intervals but statistically absent after the 

24-h and 7-d retention intervals. Recall rates of both unpracticed and control items were 

well described by a power function of time, with the relative forgetting rate parameter 

of the function being reduced for unpracticed compared to control items, which suggests 

slower time-dependent forgetting for unpracticed items. Unpracticed items thus revealed 

both reduced absolute and reduced relative forgetting, a pattern that arose regardless of 

whether retention interval was varied within participants and item type between partici-

pants, or vice versa. 

The present ANOVA findings are consistent with the results from prior work in 

which recall rates of unpracticed and control items were compared between a short and 

a 24-h retention interval. Like the present experiments, this prior work found a reduction 

of the size of the RIF effect with retention interval, with a significant RIF effect after 

the short retention interval but no such effect after the prolonged retention interval (e.g., 

Abel & Bäuml, 2014; Chan, 2009; MacLeod & Macrae, 2001). By contrast, the present 

findings disagree with the results from two prior studies, in which significant RIF effects 
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arose after both a short and a 7-d retention interval, and the size of the RIF effect was 

statistically unaffected by retention interval (Garcia-Bajos et al., 2009; Storm et al., 

2012). This holds while, in both of these studies, at least a numerical reduction of the 

size of the RIF effect with retention interval arose (see also below). Critically, none of 

the prior studies fit power functions of time to the recall rates from multiple retention 

intervals to estimate and compare relative forgetting rates across item types. The results 

from the present study fill this gap. They demonstrate that unpracticed items are forgot-

ten more slowly than control items, making RIF disappear at longer retention intervals. 

The present results are consistent with the inhibition account of RIF if recovery from 

inhibition is regarded an intrinsic property of inhibition. In such case, the size of the RIF 

effect should attenuate with retention interval and unpracticed items show reduced ab-

solute forgetting compared to control items. Such pattern was indeed observed in the 

present results. If intralist interference is assumed to attenuate with retention interval, 

the present results are also consistent with the blocking account. An attenuation of in-

tralist interference should reduce blocking effects and thus reduce the size of the RIF 

effect with retention interval as well as unpracticed items’ absolute forgetting over time, 

which is what the present results show. Critically, the present results disagree with inhi-

bition if recovery from inhibition is assumed to be absent and they disagree with block-

ing if intralist interference is assumed to persist with retention interval. The present find-

ings thus impose restrictions on both accounts of RIF. 

Besides inhibition and blocking, the RIF effect has also been attributed to context 

change (Jonker et al., 2013). This account assumes that retrieval practice introduces a 

shift in participant’s internal context, creating distinct study and practice contexts. With 

categorized lists, control categories are therefore encountered in the study phase only, 

whereas retrieval-practice categories are encountered in both the study and retrieval-
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practice contexts. At test, participants are then assumed to inappropriately access the 

more recent practice context when searching for unpracticed items, but access the study 

context when searching for control items, which is supposed to result in RIF. Because 

such context change effects are known to attenuate rather quickly with retention interval 

(Abel & Bäuml, 2017; Divis & Benjamin, 2014), according to the context-based account 

the size of the RIF effect and unpracticed items’ absolute forgetting should reduce with 

retention interval. The present findings thus are basically in line with the context-based 

account. 

This study employed an experimental setup that is typical for RIF studies in the liter-

ature, with respect to both study material and experimental procedure. The question 

therefore arises of whether results would generalize to other experimental setups. The 

findings by Storm et al. (2012) suggest that, to some extent, results may indeed vary 

with procedural detail. In their experiment, these researchers employed five retrieval 

practice cycles compared to the more typical three retrieval practice cycles, which were 

used in many prior RIF studies as well as in the present experiments. Doing so, they 

found a RIF effect that was larger than after three or one retrieval practice cycle and 

only a numerical, but not a statistical reduction of RIF with retention interval. Number 

of retrieval practice cycles or the size of the RIF effect shortly after practice may thus 

influence the reduction of RIF with retention interval (see also Storm et al., 2012), as 

may many other factors, including study material (e.g., Garcia-Bajos et al., 2009). Dis-

covering whether experiments that employ setups less typical for RIF studies in the lit-

erature lead to similar or different results than reported here might become an important 

issue in future research on RIF. 

The present study employed retention intervals between 1 min and 7 d to study RIF 

and thus followed previous studies on the role of retention interval for RIF. Using this 
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range of intervals, the present experiments suggest reduced forgetting over time for un-

practiced compared to control items, with recall of the two item types being nearly iden-

tical after the longer 7-d retention interval. The question is how forgetting over time of 

the two item types would proceed if even longer retention intervals, like 10 or 14 d, were 

employed. Indeed, if the estimated parameters of the power function were still valid for 

such longer intervals, the functions should intersect around the interval of 7 d and recall 

gradually become higher for unpracticed than control items. By contrast, if the results 

for unpracticed items during the first 7 d were influenced by recovery from inhibition, 

the gradual elimination of intralist interference, or diminishing effects of context change, 

then recall after the 7-d interval should become more or less identical for unpracticed 

and control items and recall of unpracticed items follow the trajectory of the control 

items. Future work may address the issue by measuring recall rates of unpracticed and 

control items over longer retention intervals than the intervals employed in the present 

study. Such measurements will provide critical tests for current accounts of RIF. 

The analysis of time-dependent forgetting conducted in the present study follows typ-

ical prior work on time-dependent forgetting and does not take possible distributional 

effects into account. Such effects would arise if the forgetting function of a distribution 

of items differed from the forgetting function of individual items in that distribution. 

The reduction in the rate of forgetting for unpracticed relative to control items might 

thus be due to differences in forgetting of a relatively small number of items in the dis-

tribution, as opposed to general effects for all items. For instance, if RIF was mediated 

by inhibition and inhibition weeded out the more difficult to recall (weak) items from 

the distribution, this might lead to a distribution of items more robust to forgetting over 

time, given that weaker compared to stronger items show higher forgetting rates (see 

Wixted, 2022). Although exactly this scenario appears unlikely, because RIF effects 
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shortly after retrieval practice have been found to be larger for stronger than weaker 

items (see Anderson et al., 1994; Bäuml, 1998), distributional effects may nonetheless 

contribute to the effects of retention interval on RIF and may be of high priority for 

future work on the issue. 

On the basis of the testing effect literature, the expectation may arise that selective 

retrieval practice enhances recall of the practiced items relative to the control items and 

this beneficial effect increases with retention interval (e.g., Roediger & Karpicke, 2006). 

Consistent with some previous RIF studies (e.g., Garcia-Bajos et al., 2009; MacLeod & 

Macrae, 2001; but see Abel & Bäuml, 2014; Chan, 2009), however, the present ANOVA 

findings show that the size of the beneficial effect of retrieval practice on practiced items 

did not increase with retention interval. A possible reason for this discrepancy with the 

testing effect literature may be that, while in typical testing effect studies quite often a 

free recall format is employed during practice (see Karpicke, 2017), here items’ word 

stems were provided as retrieval cues during practice. The presentation of such item-

specific cues is typical for RIF studies (e.g., Anderson et al., 1994), but may make re-

trieval practice less demanding than it is in typical testing effect studies. Difficulty of 

practice, however, can be a critical factor for the size of the testing effect (e.g., Carpen-

ter, 2009) and may also influence the forgetting rate of practiced items. Results for prac-

ticed items that are more similar to those found in many testing effect studies may arise 

if items’ initial letters rather than word stems were provided as retrieval cues during 

selective retrieval, which would make the practice task more demanding than it was in 

the present study. Future research may address the issue. 

In both Experiment 1 and Experiment 2 the power function described recall rates of 

unpracticed and corresponding control (C-) items well, which replicates results from 

prior work (Bäuml et al, 2025; Bäuml & Trißl, 2022). However, only in Experiment 2 
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the power function was able to describe recall rates of practiced items, and only in Ex-

periment 1 it was able to describe recall rates of corresponding control (C+) items, which 

contrasts with prior work, in which the power function fit recall rates of both item types 

well (Bäuml & Trißl, 2022). The likely reason for the two failures in the present study 

is an unexpectedly high level of noise in the recall rates. Indeed, recall rates of both 

practiced items in Experiment 1 and corresponding control (C+) items in Experiment 2 

turned out to be higher in the 24-h than 4-h retention interval condition, which deviates 

from typical time-dependent forgetting and raises problems for all candidate functions 

to account for forgetting over time. Although a priori chosen sample size appeared suf-

ficient for the present experiments (see above), higher numbers of participants would 

have been necessary to reduce the noise in the data and create more typical time-depend-

ent forgetting for all item types. 

Selective retrieval practice often induces RIF for unpracticed material, but there are 

exceptions to this ”rule”. One line of exceptions are studies showing that, under certain 

conditions, selective retrieval practice shortly upon encoding does not affect unpracticed 

items’ recall performance. Negative mood, stress, or divided attention during practice 

provide such examples (Bäuml & Kuhbandner, 2007; Koessler et al., 2009; Roman et 

al., 2009), but the best-studied example arises from research showing that, when partic-

ipants interrelate study items during learning, RIF is absent (Anderson et al., 2000; 

Bäuml & Hartinger, 2002; Goodmon & Anderson, 2011). Intriguingly, this null effect 

can even turn into a beneficial effect of retrieval practice on unpracticed items if recall 

is measured 24 h after practice (Chan, 2009; Chan et al., 2006). The finding of a neutral 

effect of selective retrieval on unpracticed items after short retention interval and a ben-

eficial effect after the long retention interval suggests reduced forgetting over time of 

unpracticed compared to control items also in the absence of an initial RIF effect. 
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Another line of exceptions to the ”rule” of detrimental effects of selective retrieval on 

unpracticed items are findings showing that selective retrieval can enhance recall of un-

practiced items if practice is time-lagged and does not occur shortly upon encoding 

(Bäuml & Schlichting, 2014; Kriechbaum & Bäuml, 2023; see also Bäuml, 2019). In-

terestingly, in such case the forgetting over time of unpracticed items is enhanced rela-

tive to a control condition in which retrieval practice is absent (Bäuml et al., 2025; 

Bäuml & Trissl, 2022). These findings suggest that selective retrieval does not always 

reduce time-dependent forgetting of unpracticed items, and the reduction finding may 

rather be tied to conditions in which practice occurs shortly upon encoding.  

The present study varied retention interval both between participants (Experiment 1) 

and within participants (Experiment 2). The experiments thus mirror prior work on time-

dependent forgetting, in which retention interval was varied between participants in 

some studies (e.g., Bäuml & Trißl, 2022; Nickl & Bäuml, 2023) but within participants 

in others (e.g., Carpenter et al., 2008; Siler & Benjamin, 2020). Critically, each of the 

two designs comes with a mixture of advantages and disadvantages. On the one hand, 

the within-participants design has the advantage that no averaging of recall rates across 

participants is required before fitting the function to recall data, and thus no averaging 

artifacts can arise (see Estes, 1956). On the other hand, the problem may arise that recall 

of some items at early retention intervals can enhance recall of other items at later reten-

tion intervals, which can lead to an underestimation of forgetting rates. By contrast, in 

the between-participants design, potential influences of recall at early retention intervals 

on recall at later retention intervals cannot arise, but averaging artifacts could emerge, 

which might distort the results (see Nickl & Bäuml, 2023; Wixted & Ebbesen, 1997).The 

present study does not rule out the possible problems that may come with each of the 

two designs. However, by using both designs and finding the same pattern of results, it 
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indicates that results may not depend much on design and the results arising with the 

one design may well generalize to the other design. 

To conclude, numerous studies have shown that selective retrieval shortly upon en-

coding often enhances recall of the practiced material and impairs recall of the unprac-

ticed material, relative to control conditions. The present results show that these benefi-

cial and detrimental effects of retrieval practice differ in persistence with retention in-

terval. While the beneficial effect on practiced items remains present with retention in-

terval – and, under some circumstances, may even increase with retention interval –, the 

detrimental effect on unpracticed items reduces with retention interval and can already 

be absent 24 h after practice. This pattern of results is mediated by slowed forgetting 

over time of unpracticed compared to control items and, as reported in the prior testing 

effect literature, slowed forgetting over time of practiced compared to control items. For 

longer retention intervals, selective retrieval practice primarily produces benefits and 

imposes only minimal, short-lived costs on recall of studied information. 
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software was run on standard desktop computers with the operating system Windows 

10 (Microsoft, Redmond, WA). Data were analyzed using IBM SPSS Statistics for Win-

dows, Version 29.0.1 (IBMCorp., Armonk, NY), G*Power 3.1 (Faul et al., 2007) as well 

as C program code that was used to fit power functions to target recall rates.  
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Figure 2 
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Figure captions 

Figure 1: Percentage of recalled P- and C- items at all four retention intervals are 

displayed together with the best fitting power functions for the two item types for Ex-

periment 1 (A) and Experiment 2 (B). Error bars represent ± 1 standard error. 

Figure 2: Percentage of recalled P+ and C+ items at all four retention intervals are 

displayed together with the best fitting power functions for the two item types for Ex-

periment 1 (A) and Experiment 2 (B). Error bars represent ± 1 standard error. 

 


