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Abstract 

As a target memory is recalled or practiced, its competitors are suppressed, making them more 

difficult to recall in future attempts. This is called retrieval-induced forgetting (RIF; Anderson, 

Björk, & Björk, 1994), and is evidenced by lesser recall for unpracticed members of a partially 

practiced list (RP- items) than for members of an unpracticed list (NRP items). The RIF effect, 

while extremely robust, is not immutable. Directed integration of items into a unified knowledge 

structure has been shown to greatly reduce or even eliminate the RIF effect (Anderson & 

McCulloch, 1999). Additionally, high associate word lists, those with greater semantic 

relatedness, have been shown to result in spontaneous integration (Bäuml & Kuhbandner, 2003). 

In this study, we combined these factors, along with delay, into a 3 x 2 x 2 x 2 (integration x 

associativity x delay x set) mixed-model design, using Deese-Roediger-McDermott (DRM) word 

lists (Stadler, Roediger, & McDermott, 1999), in order to examine the operation of these 

mediating factors. While set (RIF effect) and delay were statistically significant, we observed no 

main effects of either integration or associativity. Additionally, there were no statistically 

significant interactions, indicating that RIF can be robust even to those factors, like integration 

and associativity, which under certain circumstances reduce its effects.  
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Memory Unitization and Retrieval-induced forgetting for DRM Word Lists 

 Human memory has a remarkably large capacity and our ability to quickly and accurately 

retrieve target memories amidst a sea of competitors is nothing short of astounding. Recently, 

research has turned to examining the specific characteristics of retrieval processes that allow our 

memory systems to perform at this level. Anderson, Bjork, and Bjork (1994) postulated that a 

process of inhibition is incumbent within our memory system; when individuals retrieve a target 

memory, they necessarily inhibit its numerous competitors. This allows for the speed and 

precision displayed by our memory systems despite their operation within a complex retrieval 

environment. Inhibitory processes, however, do not exist without drawbacks. Those items in 

direct competition with a target item are suppressed in order to expedite access to the target 

items, but this suppression lingers beyond one specific act of retrieval. Future attempts to retrieve 

the previously inhibited items will be less successful than if they had not been inhibited, 

evidenced by stronger recall performance on unrelated than inhibited items. Anderson and 

colleagues termed this effect retrieval-induced forgetting (RIF). 

 Theoretically, RIF occurs under every circumstance of partial recall of a related list 

(Anderson et al., 1994). In RIF research, relatedness is typically, though not necessarily, 

semantic. Anderson and colleagues (1994) developed a three-step methodological paradigm 

expected to reliably reproduce the RIF effect. This paradigm consists of a study phase, wherein 

individuals are introduced to the totality of the body of related items, a retrieval-practice phase, 

wherein individuals practice retrieving a subset of the items in the items, and a test phase 

wherein individuals are asked to recall as many of the list items as they can. To simplistically 

illustrate this paradigm in a way directly relevant to the current study, an individual might be 

given a list of category – exemplar word pairs from varying categories during the study phase. 
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After the study phase, they would engage in retrieval practice of a subset of the items. Typically, 

they would be given word stems (e.g., COLD – free_ _), in order to facilitate the retrieval of 

target (RP+) items in the list (i.e., freeze). In the test phase, the RIF effect would account for 

better overall performance on unpracticed, unrelated (NRP) items (e.g., CHAIR – couch) than on 

unpracticed, related (RP-) items (e.g., COLD – ice) which have been inhibited in order to 

facilitate retrieval of the target items. This variance in performance is due to the suppression of 

the unpracticed, related (RP-) item at the retrieval practice phase, and the tendency for this 

suppression to remain well beyond the specific retrieval trial. 

 Most importantly for the current study, RIF is not uniform. It varies with the presentation 

or removal of specific conditions during the study and retrieval practice phases. For example, 

MacLeod and Macrae (2001) failed to observe RIF when introducing a 24 hour delay between 

the retrieval practice phase and the test phase, despite the fact that the same conditions produced 

RIF when tested immediately. MacLeod and Macrae concluded that RIF is transient, or quickly-

disappearing. In other contexts, RIF can be extremely robust and insensitive. For example, 

Storm, Bjork, and Bjork (2012) observed continuing RIF for delays of up to one week. 

Conflicting findings like these are common within the RIF literature, perhaps indicating that RIF 

is erratic in its appearance and disappearance. Rather than thinking of RIF as transient, we would 

perhaps better conceive of it as fickle. Rather than being short-lasting, RIF is instead long 

lasting, but is very susceptible to minute situational variations which might make it appear short-

lasting. Several mediating factors, namely integration, associativity, and delay, have been tested 

and identified in terms of their mitigating effect on RIF. 

Mediators of RIF 
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 Several mediating factors have been tested in terms of their influence on the appearance 

of RIF. Generally, these mediators are manipulations that take place during the study phase and 

influence the level of competition between related items in a list (Anderson & McCulloch, 1999; 

Bäuml & Kuhbandner, 2003; Goodmon & Anderson, 2011). Like the broader findings regarding 

RIF, research about integration, associativity, and delay as they relate to RIF has often shown 

conflicting results. 

Integration 

 Anderson and McCulloch (1999) observed RIF sparing by attenuating the levels of 

competition within the studied list. To do this, they instructed participants to focus on the 

meaningful connections between items, thereby integrating the items into a unitized knowledge 

structure. Integration was termed, by Anderson and McCulloch, a boundary condition, meaning 

that RIF is encapsulated within situations where integration does not occur. Once integrated into 

a unitized knowledge structure, items no longer compete with one another for retrieval. Instead, 

they can be retrieved as an organized whole, thereby reducing suppression at the time of retrieval 

(Anderson & McCulloch, 1999). Integration does not necessarily need to be induced by 

instruction, but can happen spontaneously; under certain circumstances, participants build related 

items into a single knowledge structure unprompted (Anderson & McCulloch, 1999; Goodmon 

& Anderson, 2011). Anderson and McCulloch (1999) gathered participants’ response to a post-

test questionnaire and from these answers determined that participants were often using mental 

strategies similar to integration, suggesting that participants confronted with the difficult task of 

remembering large word lists will independently turn to integratory strategies to cope with said 

task. Goodmon and Anderson (2011) also observed a pattern of spontaneous integration, but 

specifically for highly associated word lists. That is, participants were able to overcome RIF 



MEMORY UNITIZATION AND RIF  7 

 

through the production of unified knowledge structures, but only in instances where the items in 

the list were very closely related to one another.  

Associativity 

 Associativity refers to the semantic relatedness among items of a list. In RIF studies, lists 

are necessarily semantically associated to some degree in order to produce the requisite 

competition to evoke RIF. Bäuml and Kuhbandner (2003) used Deese-Roediger-McDermott 

(DRM) word lists to measure RIF, and they found that higher associativity is generally 

associated with higher competition and therefore more RIF. DRM word lists include the most 

frequent associates of a single word, the critical lure item. For example, the DRM word list for 

the critical lure item cold will include its most direct semantic associates (e.g., ice, freeze, hot, 

wind).Typically, DRM word lists are not inclusive of the critical lure item and are chosen for 

attempting to produce false recollection of the critical lure item. Instead, Bäuml and Kuhbandner 

included the critical lure items within the studied lists for the purpose of greatly increasing 

associativity within the lists themselves (Bäuml & Kuhbandner, 2003). Two important findings 

arose from their study: First, RIF for lure items was significantly higher than for non-lures. 

Second, highly associated list showed greater levels of RIF sparing (Bäuml & Kuhbandner, 

2003). The first of these findings highlights the increased competition for words that are most 

proximal in meaning. Increased competition inevitably produces higher levels of RIF. The 

second finding introduces the previously mentioned (Goodmon & Anderson, 2011) idea that the 

highest levels of associativity between items in a list will lead participants to spontaneously 

integrate this list into a unified knowledge structure. Increased associativity appears to produce 

higher levels of RIF, up until the point where lists are so highly associated that they can be 

retrieved as a unitized whole (Bäuml & Kuhbandner, 2003).  
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Delay 

 Conflicting results are endemic within the literature examining the effects of delay on 

RIF. As mentioned above, Storm and colleagues (2012) observed RIF up to one week after the 

retrieval practice phase. RIF is clearly capable of persevering beyond one or two days after the 

retrieval practice phase, yet in some cases it expires within timeframes as small as 24 hours 

(MacLeod & Macrae, 2001). Abel and Bäuml (2014) provide a possible explanation for the 

inconsistencies found elsewhere in the literature about delay. They found that longer delays 

coincide with dramatically increased forgetting of the unpracticed items, both inhibited and 

unrelated. Remembering that RIF is characterized by lower recall scores for inhibited items than 

for unpracticed items, it makes sense that no RIF will be found when all or most items from both 

categories are forgotten. Regardless of the presence or absence of competition, no RIF will be 

found in this instance; there are simply no data to compare. Given that Storm and colleagues 

(2012) were able to find RIF over a delay, it is reasonable to assume that RIF exists over this 

delay, but may not always be measurable as such. Importantly, Price and Phenix (2015) found 

RIF to be present over a two-day delay, using a methodology very similar to that used in a 

current study. For this reason, we expect to see RIF persist at greater delays. 

Purpose 

 The current study is part of a larger project aimed at examining the validity of the 

existing theoretical accounts for integration, associativity, and delay as mediating factors of RIF. 

RIF has shown tendencies to be very sensitive to minute changes in experimental design, 

sometimes being observed while other times being absent. Examining the appearance of RIF 

under varying conditions of integration, associativity, and delay should help clarify for future 

study the precise roles that each of these mediating factors plays in the appearance of RIF. These 
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mediators invariably operate in conjunction with one another. Delay, for example, might play a 

very different role depending on the strength of the memory trace; it might make RIF appear 

under conditions of high integration or associativity bolstering overall memory performance, but 

not under conditions where memory traces are weakened and thus widely forgotten. The 

proposed study will provide a clearer picture of the way these mediators operate in order to 

produce or attenuate RIF, as well as the way they operate together. Additionally, simultaneously 

studying the three mediators will allow for direct comparisons as to which of the three listed 

mediators has the strongest influence on RIF. This could be very useful for future scientific study 

of RIF, but also for real-world approaches to forgetting. If one strategy is determined to be the 

best mediator of forgetting, we can take a real-world stance on forgetting by adopting it as a 

strategy for combatting RIF in realistic scenarios. 

Methodology 

Participants 

 Participants (N=128) were undergraduate students in introductory psychology courses at 

the University of Regina. They participated in exchange for a bonus credit in the psychology 

course in which they were registered. Participants were excluded from participating if they have 

previously participated in a similar study using similar materials. This sample size is similar to 

those found in other studies in the area of RIF and was expected to be sufficiently powerful to 

determine significant relationships between variables, given the effect sizes typically associated 

with RIF. 

Materials and Measures 

 As in the study by Bäuml and Kuhbandner (2003), the proposed study used lure-present 

DRM word lists. Specifically, these lists are sixteen items in length, and are associated with the 
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lure words sweet, chair, sleep, doctor, spider, foot, girl, and cold. The eight DRM lists used as 

part of the proposed study were in video format, being read aloud alternatingly by a male and a 

female. They varied in associative strength, with some (sweet, chair, sleep, and doctor) being 

highly associated and some (spider, foot, cold, and girl) being less associated. The associativity 

of each list is standardized by Stadler and colleagues (1999) and reflects the tendency for 

participants, given the list minus the lures, to falsely recall the lure word as part of the list. Each 

individual list was presented while the list’s orator is wearing a hat unique to the presentation of 

the given list, to allow for better cueing at test. Additionally, lists were separated by a third 

individual performing and explaining scientific ‘magic tricks’ for the purpose of separating the 

lists to prevent between-list interference.  

Procedure 

 The procedure of the proposed experiment corresponds to the standard RIF paradigm first 

outlined by Anderson and colleagues (1994). It consisted of a study phase, a retrieval practice 

phase and a test phase. Participants were first given integration instructions varying in terms of 

strength. They were given either strong integration instructions, that they should focus on how 

the items connect to a single idea which brings them together, low integration instructions, that 

they should focus on the meaningful connections between words, and no integration instructions, 

that they will be shown a video and asked questions about it later. These instructions are created 

with the intent for them to correlate to the tendency for participants to unitize the given word 

lists as directed. As shown by other researchers who have used similar instructions (Anderson & 

McCulloch, 1999; Goodmon & Anderson, 2011), this should help participants integrate items 

and mediate RIF.  
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 Participants returned after either a twenty-minute or a two-day delay and engaged in the 

retrieval practice phase of the paradigm. In this phase, they were given a booklet of word stems, 

containing roughly half (seven) of the words from half (four) of the lists and be asked to 

complete them based on their knowledge of the words presented in the video. At test, 

participants were shown a picture of the orator of a list with the hat corresponding to the original 

reading of that list and asked to complete the word stems provided. For example, for the cold list, 

a participant would see FREE_ _, and will fill the blanks in to complete the word freeze. This 

retrieval practice is necessary for the suppression of words related to the words being retrieved. 

Thus, retrieved (RP+) words are categorized differently from inhibited (RP-) words based on the 

appearance or non-appearance in the retrieval practice phase of the test. Unpracticed, unrelated 

(NRP) items come from DRM lists for which there are no word stems provided. That is, there is 

no suppression of these items because none of their associates are being retrieved during the 

retrieval practice phase. Only the lists of which some items are part of retrieval practice, and only 

those items which were not presented, were considered inhibited. 

 During the test phase, participants were once again cued with pictures of the orators of 

the list wearing the specific hat corresponding to a given DRM list. In addition, they were given 

the first word of the list to aid with their identification of the correct list. Notably, the first word 

is always the critical lure item, and thus performance on these items was not included in the 

analysis of performance and RIF. Participants were asked to recall the totality of each list to 

which they were exposed, and the proportion of correctly identified words from each category 

(RP+, RP-, NRP) in each list was measured. 

Hypotheses 
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 It was hypothesized that there would be statistically significant main effects for set, 

integration, associativity, and delay. Additionally, pursuant to findings by Anderson and 

McCulloch (1999) as well as Goodmon and Anderson (2011), it was expected that heightened 

integration instructions would attenuate the appearance of RIF. For the high instruction 

condition, it was expected that participants will create a unified knowledge structure consisting 

of the words in each individual DRM list, thereby reducing the amount of competition and also 

RIF for the lists. For the weak integration instructions, it was expected that there would be 

moderate levels of this same process. Weak integration may not completely eliminate RIF as 

strong instructions are expected to, but some RIF sparing should still be observed. It is 

hypothesized that the no integration instruction condition would display the highest levels of RIF 

due to a lack of unitization of the lists. 

 It is further hypothesized that there will be a statistically significant interaction between 

associativity and set. Based on the findings of Bäuml and Kuhbandner (2003), it should be found 

that participants spontaneously integrate highly associated word lists. Thus, there should be no 

observed RIF for high-associate lists. Low-associate lists, however, were expected show more 

RIF than high-associate lists, as there will be no participant-driven integration occurring under 

conditions of low association.   

Results 

 A 3 (integration: none, weak, strong) x 2 (delay: 20 minute, 2 day) x 2 (associativity: low, 

high) x 2 (set: RP-, NRP) mixed-model ANOVA, with integration and delay being between-

subjects factors and associativity and set being within-subjects factors, revealed statistically 

significant main effects of set, F(1,122) = 15.61, p < .001, ηρ = .11, and delay, F(1,122) = 20.24, 

p < .001, ηρ = .14. The statistically significant main effect of set indicates that we have found RIF 
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to be generally present across the experiment. That is, there is a significant difference between 

RP- and NRP item recall across experimental conditions. As expected, the statistically main 

effect for delay indicates that participants remembered significantly more items over a shorter 

(twenty minute) delay than over a longer (two day) delay. Surprisingly, there were no 

statistically significant main effects for integration, F(3,122) = 1.20, p > .05, ηρ = .03, or 

associativity, F(1,122) = .03, p > .05, ηρ = .00, indicating that overall remembering rates were not 

influenced by directed unitization of the word lists or the presumed spontaneous integration for 

high associate lists. 

 There were no statistically significant interactions of any kind, including between set and 

integration, F(3,122) = 1.13, p > .05, ηρ = .03, and between set and associativity, F(1,122) = .01, 

p > .05, ηρ = .00 (see Figure 1). These findings indicate that neither integration instructions nor 

associativity had a significant effect on RIF. Our results corroborate neither the suggestions that 

integration instructions (Anderson & McCulloch, 1999; Goodmon & Anderson, 2011) nor high 

levels of associativity (Bäuml & Kuhbandner, 2003) attenuate competition between items and 

thus result in RIF sparing. 

Discussion 

 Our results contrast some of the established findings regarding memory unitization and 

RIF. Whereas other researchers have found RIF sparing in the occurrence of memory unitization 

through either directed (Anderson & McCulloch, 1999; Goodmon & Anderson, 2011) or 

spontaneous (Bäuml & Kuhbandner, 2003) integration of competing items, in our study RIF was 

robust to these factors. Where in other instances memory unitization is the driving influence, we 

found RIF itself to be the factor of most importance. The residual question is why, in some 

instances, these mediating factors have vast influence, and others, they have none.  
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 Specifically regarding integration and associativity, we anticipated that we would observe 

RIF sparing in those conditions which purportedly educe memory unitization processes. Instead, 

we observed perpetuated competition between items across conditions. Under the assumption 

that RIF is highly sensitive to minute changes in experimental design, as supported by 

inconsistencies in the literature, it is possible that methodological differences between studies 

leads to the diverse impact of mediators on RIF. For example, Anderson and McCulloch (1999) 

established integration as a boundary condition to RIF by requiring participants to integrate by 

rehearsing items with the competitors within their category. Different from our method of 

instructing participants to focus on similarities between competing items, Anderson and 

McCulloch included a rehearsal component. Additionally, Anderson and McCulloch studied 

integration in terms of category-exemplar pairs, not, as in our study, DRM word lists. However, 

it is important to note that Phenix and Price (2015), using an almost identical methodology to the 

current study, found evidence of integration in children. Therefore, it cannot be argued that our 

methodology precludes the integration of items in such a fashion as to produce RIF sparing. 

 Similarly, Bäuml and Kuhbandner’s (2003) methodology, though using lure-present 

DRM word lists, also differed slightly from ours. Rather than engaging in a study period 

consisting of the presentation of all lists consecutively, Bäuml and Kuhbandner had participants 

study and test on each list individually. Rather than holding eight lists in memory 

simultaneously, as in our study, participants are required to remember a maximum of one list at a 

time.  

 Though these methodological vacillations provide a potential post-hoc explanation for the 

unanticipated lack of agreement between our results and others’, they do not follow a pattern that 

would provide an answer of any level of concreteness. Rather, many of these methodological 
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differences lend credence to the possibility that RIF as a phenomenon is simply highly sensitive 

to minute changes in methodology. It is of note, however, that our methodology differs 

systematically from most other RIF studies in terms of the sheer number of items participants 

must remember along with a longer delay than most RIF studies. The task for our participants is 

far more laborious than in other studies, and this could be a cause of systematic differences in 

results between our study and others. However, this possibility is testable; moving forward, more 

research can be done in order to understand the impact that list size and number has on the 

mediating factors of RIF. Rather than being a source of frustration, these possibilities outline the 

need for research much like that we have conducted.  

 We observed RIF consistently across conditions, including the conditions of delay. There 

was no mitigation, or exacerbation, of RIF over a longer delay. This study aimed, in part, to 

understand the relationship between delay and integration and associativity in hopes of 

understanding the interactions within different factors within a complex retrieval environment. It 

is telling, then, that we observed RIF over a delay of up to two days in all conditions of various 

levels of integration and associativity. This is a step toward building the cohesive understanding 

of the way RIF behaves in different situations, which is precisely what we set out to do.  

Limitations 

 The primary limitation of the current study is that it is not a direct replication of any of 

the studies to which we hope to compare our results. Given the inconsistencies in the RIF 

literature and the efforts to clarify those inconsistencies, it is of direct importance that there be 

consistency among studies. Problematically, the extant literature already contains a great deal of 

methodological variance, highlighting the possibility of minute differences manifesting into 

inconsistent results due to the fickle nature of RIF. Due to the inherent sensitivity of RIF, 
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interpretation of results is difficult. In the current study, for example, it is difficult to tell whether 

results are an accurate representation of the phenomenon of RIF in the given situation or instead 

a bi-product of the chosen methodology. 

Conclusion 

 This study aimed to clarify the influences of some of the mediating factors of RIF within 

a complex retrieval environment. RIF is a fickle phenomenon; its appearance or absence can be 

due to the variance of specific methodological conditions. For example, MacLeod and Macrae 

(2001) obtained completely different results as to the influence of delay than did Storm and 

colleagues (2012). By attempting to manipulate the presence of memory unitization processes 

through integration instructions and heightened associativity, we hoped to better understand the 

influence of various mediating factors on the attenuation of RIF. However, we did not observe 

any level of RIF sparing in any condition. Instead, the level of competition between items 

remained consistent throughout the experiment, and RIF was robust to any experimental attempts 

to attenuate it.  

 The primary goal of the current study was to produce a systematic understanding of the 

relative influences of each of these factors individually and in conjunction with one another. This 

study and studies like it should help systematize future RIF research such that it can be expanded 

to real-world situations and examined in greater depth. Currently, it is difficult to expand 

research in the area of RIF due to the lack of understanding as to the specific conditions under 

which it will and will not appear. 

 Though we observed consistent, experiment-wide RIF, this study should not be viewed as 

a dead-end. There is much reason to believe that small changes in methodology might result in 

great changes in the phenomenon of RIF. Moving forward, amalgamations of the extant 
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methodologies used to study RIF could further our understanding of this robust, fickle 

phenomenon. 
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Figure 1 
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