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Abstract 

Word count: 237 

 Previous work regarding a counterintuitive benefit of increasing distractors on 

episodic long-term memory (LTM) has suggested that retrieval of memoranda in working 

memory (WM) after attention has been distracted may confer benefits to episodic LTM. The 

current study investigated two conceptions of how this may occur: either as an attentional 

refreshing of active memoranda within the focus of attention or as retrieval of a cohesive 

chunk of memoranda from outside the central component of WM. Given the literature 

suggesting that increasing the number of items to maintain in WM, or list length, incurs an 

attentional cost, the current study investigated whether increasing list length may reduce the 

beneficial impact of distractors on episodic LTM. In a series of three experiments we 

manipulated list length and the number of distractors following the memoranda in a Brown-

Peterson-like-span task. Despite profound negative effects of list length and distractors on 

initial recall, the results indicated that list length did not interact with the beneficial effect of 

distractors on final free recall of the items. Furthermore, final free recall was consistent 

across serial position, in line with the view that all of the memoranda are retrieved as a chunk 

after each distractor. These findings emphasize the notion that recovering inactive 

information from outside of the central component of WM may impact its long-term 

retention. The theoretical implications regarding how retrieval may be a means by which 

LTM processes influence WM are discussed. 

 Keywords: working memory, episodic memory, long-term memory, list length effects, 

set size effects 
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 How do humans maintain relevant information from moment to moment, and how 

may these underlying processes affect retention long after that information has left immediate 

awareness? These basic research questions have been among the utmost concern for research 

concerning the intersection of working memory (WM) and episodic long-term memory 

(LTM). WM refers to the immediate, capacity-limited memory system that underlies 

maintenance and manipulation of information for ongoing cognition, whereas LTM refers to 

the presumably unlimited retention of information that is no longer available in WM. There 

has been considerable interest in how purported processes may be involved in not only 

supporting maintenance in WM, but also later retrieval from episodic LTM (Camos & 

Portrat, 2015; Loaiza & McCabe, 2012; McCabe, 2008; Rose, Buchsbaum, & Craik, 2014).  

 A growing body of research has investigated refreshing as a candidate mechanism that 

supports maintenance in WM by directing attention to memoranda, and consequently, 

strengthening their activation in WM (see Camos et al., 2018 for a review). That is, by 

reactivating memory traces in the focus of attention, refreshing presumably augments the 

accessibility of the memoranda, particularly for their retrieval from WM. Although its 

functioning remains to be fully understood, thus far refreshing is generally considered to be 

an attention-based mechanism that has been distinguished both behaviorally and 

neurologically from other maintenance mechanisms, such as subvocal rehearsal (Valérie 

Camos, Lagner, & Barrouillet, 2009; Hudjetz & Oberauer, 2007; Loaiza & McCabe, 2013; 

Raye, Johnson, Mitchell, Greene, & Johnson, 2007; Vergauwe, Camos, & Barrouillet, 2014). 

One source of evidence for refreshing as an independent, attention-based mechanism has 

come from complex span tasks that are commonly used to measure WM capacity 

(Barrouillet, Bernardin, & Camos, 2004; Barrouillet, Bernardin, Portrat, Vergauwe, & 

Camos, 2007). Whereas simple span tasks successively present memoranda (e.g., words), 

complex span tasks interleave the presentation of memoranda with secondary, distracting 
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processing components (e.g., solving arithmetic problems) before their recall. Moreover, the 

relative attentional demand or cognitive load of the distractors can be manipulated (e.g., 

varying the pace of its presentation). These studies have collectively indicated a linear 

relationship between cognitive load and WM recall (Barrouillet, Portrat, & Camos, 2011), 

such that increasing the cognitive load of a distractor likewise reduces WM recall, 

irrespective of the match in modality between the memoranda and the distractors (i.e., verbal 

or visuospatial; Vergauwe, Barrouillet, & Camos, 2010) or the availability of rehearsal 

(Valérie Camos et al., 2009; Valérie Camos, Mora, & Barrouillet, 2013; Valérie Camos, 

Mora, & Oberauer, 2011; Mora & Camos, 2013). Such findings are commensurate with the 

notion that refreshing relies on a limited resource of domain-general attention. Other 

paradigms have explicitly instructed refreshing by presenting cues that prompt participants to 

“think of” the recently presented memoranda (Camos et al., 2011; Higgins & Johnson, 2009; 

Johnson, Reeder, Raye, & Mitchell, 2002; Souza & Oberauer, 2017a; Souza, Rerko, & 

Oberauer, 2015; Vergauwe & Langerock, 2017). This work has revealed that the frequency of 

refreshing directly improved visuospatial WM (Souza & Oberauer, 2017a; Souza et al., 

2015), and that disruption of central rather than visual attention impaired visuospatial WM 

(Souza & Oberauer, 2017a). These findings collectively suggest that refreshing uses domain-

general, central attention to bolster the activation of memoranda in WM. 

 If refreshing functions to strengthen the activation of memoranda in WM, it is 

reasonable to expect that these effects may endure long after information is no longer 

available in WM. Indeed, some findings have suggested that refreshing may also confer 

benefits for retrieval from episodic LTM (Valérie Camos & Portrat, 2015; M. K. Johnson et 

al., 2002). In our work (Loaiza & Borovanska, 2018; Loaiza, Duperreault, Rhodes, & 

McCabe, 2015; Loaiza & McCabe, 2012, 2013), we have investigated whether refreshing is 

the source of the McCabe effect (McCabe, 2008): the finding that, although initial recall is 
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typically greater for memoranda studied during simple span compared to complex span, the 

reverse is true during final free recall, such that recall from complex span is more likely than 

simple span. Moreover, the difference between complex and simple span was greatest for 

words presented in earlier serial positions of the trial. McCabe (2008) originally asserted that 

the source of this effect is, compared to simple span, the relatively greater opportunity to 

covertly retrieve the memoranda back into immediate awareness during the pauses between 

the processing component and the next memorandum during complex span. This hypothesis 

drew on the theoretical models that presume that WM represents the capacity-limited subset 

of active representations in LTM (Cowan, 1999; Oberauer, 2002). That is, the central 

component of WM comprises a few privileged items, and this central component is 

embedded within activated LTM. The reasoning followed that due to the capacity limits of 

WM, memoranda are often displaced and must be retrieved back into the central component 

of WM in order to maintain their accessibility (Unsworth & Engle, 2007b, 2007a). 

Accordingly, the distraction during complex span tasks may displace the memoranda, thereby 

requiring their retrieval, whereas retrieval is not necessary for memoranda that have never 

been displaced, such as during simple span with only a few memoranda (Unsworth & Engle, 

2006). Thus, although the distraction during complex span interferes with maintenance, it 

may also counterintuitively provide opportunities to retrieve the memoranda, with this 

practiced, internal retrieval benefitting episodic LTM the more it occurs. That is, if retrieval 

underlies the standard McCabe effect of greater long-term retention of for complex span 

compared to simple span items, then final free recall should increase as the number of 

distractors, and thereby retrieval opportunities, increase.  

Furthermore, McCabe (2008) argued that covert retrieval is cumulative, such that 

each successively presented item has fewer opportunities to be retrieved in a typical complex 

span format that alternates memoranda with distraction. This is consistent with the finding 
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that the McCabe effect is greatest for earlier serial positions than later ones, presumably due 

to more opportunities to retrieve earlier presented memoranda (Loaiza & Borovanska, 2018; 

Loaiza et al., 2015; McCabe, 2008). Indeed, when all of the memoranda were presented first 

followed by the distractors, the aforementioned negative slope across serial position was 

relatively flatter (Loaiza & McCabe, 2012). This suggested that adjusting the placement of 

distractors can vary the opportunity to cumulatively retrieve the memoranda in WM: all of 

the memoranda should have the same number of retrieval opportunities when the distractors 

follow their presentation, thereby yielding a relatively equivalent recall across serial position 

compared to alternating the distractors and memoranda in the typical complex span format.  

 Importantly, McCabe (2008) was agnostic regarding the precise nature of covert 

retrieval, postulating that it could “take the form of subvocal rehearsal (Baddeley, 1986), a 

simple mental search (Cowan, 1992), or a ‘refreshing’ process (Barrouillet et al., 2004)” 

(McCabe, 2008, p. 482). Given the finding that the McCabe effect was independent of the 

opportunity to engage in rehearsal (Loaiza & McCabe, 2013) and the strong similarity in 

concept between covert retrieval and refreshing, we had since argued that covert retrieval and 

refreshing are one and the same (Loaiza et al., 2015; Loaiza & McCabe, 2012, 2013; Loaiza, 

Rhodes, & Anglin, 2015). However, as we demonstrate in the following study, this 

conclusion may have been premature. Rather than refreshing still accessible memory traces 

via attention, the McCabe effect may reflect the effects of retrieving information from outside 

the central component of WM, much the same as the overt retrieval that occurs in many 

episodic LTM paradigms.  

 How can this be determined? One method would be to consider theoretically 

meaningful factors that may dissociate the two processes if they are indeed independent. For 

example, it is well known that increasing the number of presented memoranda, or list length 

(sometimes also referred to as memory load or set size), has systematic effects on memory 
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performance. List length has been shown to reduce recall in standard immediate recall tasks 

(e.g., of sequentially presented words; Ward, Tan, & Grenfell-Essam, 2010), complex span 

tasks (Unsworth & Engle, 2006), short-term recognition tasks (Luck & Vogel, 1997), and 

delayed free recall tasks (Rohrer & Wixted, 1994). Furthermore, a classic finding in the 

memory literature is that the response speed to recognize whether a tested item was a member 

of a list of sequentially presented memoranda is directly related to list length (Sternberg, 

1966, 1969). The results were interpreted as evidence of a search of recently presented 

information, with the search taking longer and thereby delaying response speed as list length 

increased. Such linear trends have also been shown for response speed during distractors of a 

complex span task (Jarrold, Tam, Baddeley, & Harvey, 2011; McCabe, 2010) and a Brown-

Peterson span task (Vergauwe et al., 2014), with the latter study revealing that response 

latency increased about 40 ms with each additional item to maintain. This indicates that 

processing and storage may rely on a shared pool of attentional resources (Barrouillet & 

Camos, 2015), such that increasing list length incurs a cost that is evident when responding to 

another attentionally demanding activity. As detailed previously, given that refreshing is 

presumed to strongly rely on a limited resource of domain-general, central attention, these 

findings collectively suggest that list length may constrain refreshing if it is a mechanism that 

quickly cycles memoranda through the focus of attention in a serial manner (Vergauwe & 

Cowan, 2014, 2015). That is, the more items that are held in the central component of WM, 

the slower and more error-prone refreshing will be to serially reactivate their traces in the 

focus of attention. 

 Conversely, factors that demand attentional resources, such as list length, may have 

little impact on retrieving information from just outside the central component of WM 

(Oberauer, 2002, 2005). As discussed previously, embedded processes models distinguish 

between a few privileged items within the central component of WM and activated LTM that 
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can comprise information activated above a baseline (Cowan, 1999; Oberauer, 2002, 2009). 

According to Oberauer’s (2002, 2009) model, if this less available information becomes 

relevant, it is reloaded into the central component of WM (i.e., in Oberauer’s model, the 

region of direct access) as a single chunk from outside the central component (i.e., activated 

LTM). The initial evidence for this notion of “chunking and unpacking” (Oberauer, 2009) has 

been demonstrated in asymmetrical list-switching costs: a once irrelevant list of items can 

become relevant once again and retrieved back into the central component of WM, but the 

number of items in the list has no effect on the efficiency of its retrieval (Oberauer, 2005). 

This indicates that the memory set is instead retrieved as a chunk rather than one-by-one into 

the focus of attention as is presumed to occur during refreshing. Other work comparing the 

time to access lists from WM compared to LTM has suggested that, although retrieval from 

episodic LTM takes longer overall than WM, list length has little additional effect (Conway 

& Engle, 1994; Wickens, Moody, & Dow, 1981). More recent neural evidence also supports 

this notion. In their study, Fukuda and Woodman (2017) measured suppression of alpha-band 

oscillations using electroencephalography (EEG) while participants learned and recalled the 

same four spatial arrays of variable set size (i.e., one array for each set size: 1, 2, 4, and 8 

colored squares) that were interleaved multiple times amongst new arrays. When participants 

were later asked to retrieve one item of a set size 4 array from episodic LTM, the alpha-

power suppression was initially similar to retrieving all four items, and then shifted to a 

pattern that resembled retrieval of just one item of a set size 1 array. This suggests that, at 

least up to four items, participants can retrieve the entire array from episodic LTM into WM. 

At first glance, the notion that retrieval from outside the central component of WM 

can occur as a process of “chunking and unpacking” appears at odds with a variety of models 

from the extensive LTM literature that increasing list length reduces accuracy and increases 

recall latency (e.g., Rohrer & Wixted, 1994). Much of the literature emphasizes temporal-
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context (e.g., the list to which an item belongs or its serial position) as a pivotal cue for 

prompting retrieval from LTM (Howard & Kahana, 1999; Kahana, 1996; Unsworth, 2008). 

These temporal-contextual cues are thought to help to define a search set from which to 

sample items that depends on the list length and/or participants’ individual abilities (e.g., 

Unsworth, 2007). However, these views are not necessarily incompatible: the “chunk” of 

items may be considered analogous to the contextual cue of list, which is first sampled and 

then used to retrieve items within the list as a two-stage search. Indeed, studies of episodic 

LTM (Howard, Youker, & Venkatadass, 2008; Unsworth, 2008) and semantic LTM 

(Gruenewald & Lockhead, 1980) do indicate that clustering of items based on their list 

context or membership of a category, respectively, can facilitate retrieval of individual items. 

Moreover, it is also important to note that the literature supporting the notion of the retrieval 

of chunks has focused on just a few items that are essentially at the standard limit of WM 

capacity (Cowan, 2000). Thus, it may be the case that the retrieval of a chunk or the cueing of 

a list may be less feasible if list lengths exceeded WM capacity. 

Finally, in support of the notion that retrieval may be less attention-demanding than 

refreshing within the central component of WM, some work has indicated that dividing 

attention during retrieval has little effect on long-term retention compared to dividing 

attention during encoding (e.g., Buchin & Mulligan, 2017; Craik, Govoni, Naveh-Benjamin, 

& Anderson, 1996; Murdock, 1965) or variation of cognitive load in complex span (Camos & 

Portrat, 2015; Jarjat et al., in press). Such results collectively suggest that factors that may 

impede upon a limited resource of central attention, such as cognitive load or list length, do 

not strongly affect retrieval of information that is no longer actively maintained in WM. 

Instead, such factors more strongly affect the active encoding and maintenance of those items 

within WM, with downstream consequences for their long-term retention. 
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 Accordingly, the manipulation of list length would have important theoretical 

implications regarding whether retrieval and refreshing are redundant or distinguishable 

mechanisms. Figure 1 shows a schematic of the psychological processes and their respective 

expected pattern of results. If the benefit of distractors to episodic LTM is due to the 

refreshing of recently active memoranda one-by-one into the focus of attention (i.e., the 

refreshing account), then an interaction between list length and distractors would be 

expected: larger list lengths should attenuate the beneficial effect of distractors compared to 

smaller list lengths. That is, due to limited attentional resources, fewer memoranda would be 

able to be refreshed during trials with larger than smaller list lengths. Accordingly, it may 

become more difficult to refresh memoranda in WM as their number increases, thereby 

reducing the benefit of distractors for episodic LTM. Indeed, when examining the original 

serial position curves presented in McCabe (2008; Figure 3), one would expect that recall 

should be up to three times greater for serial position 1 of list length 4 than list length 2 due to 

three times as many distractors presented for the same serial position. However, as is 

common in complex span, list length was confounded with the number of distractors in this 

study. McCabe (2008; p. 490) noted that these findings may suggest that “memory load 

reduces the amount of covert retrieval that occurs…due to the attentional load imposed by 

already having to maintain items in memory.” As such, list length may attenuate the impact 

of distractors if the source of the benefit is refreshing. Conversely, if the source of the 

distractor benefit is due to retrieving information from outside of the central component of 

WM (i.e., the retrieval account), then the effect of distractors should not vary with list length 

given that the entire memory set is retrieved as a chunk. Such findings would provide a novel 

understanding of not only whether refreshing and retrieval are distinguishable, but also 

address the broader question of the overlap between WM and LTM. Namely, a distinction 

between refreshing and retrieval would suggest that refreshing is an attentional mechanism 
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that operates on highly active information in WM and independently of LTM. Conversely, 

retrieval represents the recovery of information from outside of the central component of 

WM, and this can occur during LTM tasks as well as WM tasks. As such, retrieval during 

measures of WM may represent a way in which LTM processes influence WM (Loaiza, 

McCabe, Youngblood, Rose, & Myerson, 2011; Rose et al., 2014; Rose, Craik, & 

Buchsbaum, 2015; Rose, Myerson, Roediger, & Hale, 2010) and thereby blur the border 

between the systems (Loaiza & Camos, in press; Unsworth & Engle, 2007a).  

 The current experiments were designed to test these research questions. We presented 

Brown-Peterson span-like trials that manipulated the number of distractors (0 to 3) following 

a variable number of memoranda (2 to 4) to recall in serial order. After presentation of a 

block of trials and a short delay, participants freely recalled the words from the previous 

block. This study is also novel because increasing either the list length (Unsworth & Engle, 

2006; Ward et al., 2010) or duration of a filled retention interval (Brown, 1958; Peterson & 

Peterson, 1959) are known to reduce recall, but these factors are rarely crossed in a WM 

paradigm. However, the primary interest was their impact on final free recall. We also 

considered final free recall conditionalized on correct initial recall to account for any 

potential impact of list length being simply an advantage of having recalled the smaller 

versus larger list lengths more successfully during initial recall. That is, we wanted to ensure 

that differences between conditions in episodic LTM were not merely due to any potential 

benefit of having differentially recalled the memoranda during presentation of the trials. It 

should be noted that in previous studies we had only considered unconditionalized 

performance (e.g., Loaiza & McCabe, 2012; McCabe, 2008). Nevertheless, given the 

importance of ensuring that a mere testing effect could not explain the pattern of results (e.g., 

a list length effect in final recall due to an increased likelihood of initially recalling smaller 
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than larger list lengths), we included this measure as other researchers have done (e.g., Loaiza 

& Borovanska, 2018; Rose et al., 2014; Souza & Oberauer, 2017b).  

 Consistent with our previous work, we expected to find that increasing the number of 

distractors should improve final free recall despite being disadvantageous for initial recall 

(McCabe, 2008). As we have asserted previously, this may be due to the increased 

opportunities that the distractors afford to retrieve the memoranda in WM (Loaiza et al., 

2015; Loaiza & McCabe, 2012). Moreover, because the distractors followed the memoranda, 

the retrieval opportunities should be constant across serial position. Accordingly, we 

predicted that final free recall should be relatively constant across serial position rather than 

negatively sloped as has been previously shown using a complex span format where the 

memoranda were alternated with the distractors (Loaiza & McCabe, 2012; McCabe, 2008). 

The novel theoretical contribution of the experiments concerns how the effect of 

distractors may change with the amount of information to remember (i.e., list length). If 

refreshing underlies the beneficial effect of distractors to final free recall, then list length 

should interact with the number of distractors, such that their beneficial effect on final free 

recall is reduced with increasing list length. This should be particularly evident in an analysis 

of serial position: final free recall should be flatter across serial position for smaller than 

larger list lengths, indicating that increased list lengths reduce the opportunity for later-

presented memoranda to be refreshed in the focus of attention compared to earlier-presented 

memoranda in the trial. However, if the benefit of distractors reflects retrieval of information 

outside of the central component of WM, then the advantage of increasing distractors for 

final free recall should occur regardless of list length. Moreover, final free recall should be 

flat across serial position regardless of list length, corroborating the notion that the 

memoranda are retrieved as a whole unit or chunk from activated LTM. Finally, since 

carrying out the first two experiments, a recent alternative account has suggested that the time 
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to process information in WM, rather than refreshing or retrieval per se, underlies the 

advantage of the distractors for episodic LTM (i.e., the total time account; Jarjat et al., in 

press; Souza & Oberauer, 2017b). Thus, Experiment 3 was conducted to further address this 

possibility alongside the refreshing and retrieval accounts tested in Experiments 1 – 2.  

Experiment 1 

Method 

 Participants. Thirty-one participants (Mage = 22.50, SD = 2.78) were recruited 

through the department subject pool and compensated with £6 for the study that lasted 

approximately 60 min. Two participants were excluded from the analysis for not being native 

English speakers. Due to experiment failure, the first block of trials of one participant was 

lost and therefore excluded from analysis. All of the participants provided informed consent 

and were fully debriefed at the end for all of the experiments. The studies were approved by 

the Department of Psychology ethics committee at the University of Essex.  

 Design. The experiment manipulated the number of words to recall (2, 3, or 4) and the 

number of distractors following the words (0, 1, 2, or 3) within-subjects. We also examined 

recall performance as a function of serial position. The principal dependent variables were 

initial recall and final free recall (FFR). 

 Materials and Procedure. The memoranda for all of the experiments were randomly 

drawn from a pool of 154 concrete, high frequency nouns (letters: M = 5.35, SD = 1.29, range 

= 4 – 8; syllables: M = 1.47, SD = 0.50, range = 1 – 2; log HAL frequency: M = 9.29, SD = 

0.96, range = 8.00 – 12.42) selected from the English Lexicon database (Balota et al., 2007). 

The words were randomly arranged for each participant. All experiments were programmed 

in Matlab with the Psychophysics toolbox extensions (Brainard, 1997; Kleiner et al., 2007).  

During all of the experiments, an experimenter was present to individually test the 

participants, monitor their performance, and ensure compliance with the instructions. 
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Participants first practiced 10 arithmetic problems that would serve as the distractors during 

the task. The arithmetic problems (e.g., three + two = five?) were presented for 3.5 s with a 

0.5 s interstimulus interval (ISI), and participants were instructed to read them aloud and 

respond true or false while pressing a corresponding key. Half were true and half were false. 

The participants remained in this practice phase until they reached an 85% criterion. Next, 

participants received instructions for the critical task. During the trials, a fixation point 

appeared on the screen for 1 s, followed by the first word for 1 s (0.5 s ISI) to read aloud and 

remember. Depending on the trial, another word followed for up to four words to recall. After 

all the words of the trial were presented, either a cue to recall the words immediately 

followed, or between one to three arithmetic problems were presented that were then 

followed by the cue to recall the words. The problems were read and solved aloud while 

pressing a corresponding key, as during the practice phase. When participants saw the cue to 

recall, they were instructed to try to recall the words aloud in the order they were originally 

presented (i.e., serial recall). The experimenter noted their recall on a score sheet after each 

trial and later coded the recorded speech files to enter initial recall for analysis. Participants 

completed three practice trials before the first block, and afterward, they received a summary 

of instructions for the critical trials and were further informed that their memory for the 

words would be tested again later in the experiment. These summarized instructions and 

warning about the future final recall test were repeated before each subsequent block of trials. 

There were four blocks, each comprising 12 trials (one trial per condition, e.g., 2 words to 

recall with 0 distractors) that were randomly presented for each participant.  

After each block, participants completed a simple multiplication task for 1 min, 

followed by a final free recall test of the words that were presented in the previous block. 

Participants were instructed to freely recall the words without any regard to their order by 

typing them into the computer, and the recalled words appeared on the screen in a 6 x 6 grid 
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(each block comprised 36 total words to recall). Participants were allowed to take a short 

break after each block. After all four blocks, participants completed an unrelated task and a 

short demographics questionnaire. 

Results and Discussion 

 The results of both experiments were analyzed with Bayesian analysis of variance 

(BANOVA; Rouder, Morey, Speckman, & Province, 2012) with the independent variables 

(i.e., list length, distractors) as fixed effects and participant as a random effect using the 

BayesFactor package (Morey & Rouder, 2015) with its default settings in R (R core team, 

2014). This method of analysis allows the comparison of the data given one model (e.g., the 

null model assuming only a random effect of participant, M0) to that of another model (e.g., 

an alternative model assuming an effect of distractors, M1). The ratio of these likelihoods is 

the Bayes factor (BF) that expresses the relative evidence for the alternative model (BF10) or 

the null model (BF01). One can also compare the relative evidence between models by 

examining the ratio between BFs associated with one model (e.g., a model including an effect 

of distractors) to that of another model (e.g., a model including effects of distractors and list 

length). The data and analysis scripts for all of the experiments can be found at 

http://osf.io/b9evq.  

 Initial Recall. Although serial recall was instructed, performance was also assessed 

without regard to the original serial position (i.e., free recall scoring). Both scoring measures 

were submitted to two separate 3 (list length: 2, 3, 4) x 4 (distractors: 0, 1, 2, 3) repeated 

measures BANOVAs (see Table 1). The best model for initial recall – serial scoring indicated 

strong effects and an interaction between list length and distractors (BF10 = 2.54 x 1047), but 

this model was not substantially preferred (BF = 2.26) to the simpler main effects only model 

(BF10 = 1.12 x 1047). For initial recall – free scoring, the main effects only model (BF10 = 

2.87 x 1040) was best but not substantially preferred (BF = 1.98) to a model including an 
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interaction between the factors (BF10 = 1.45 x 1040). Overall, as list length and distractors 

increased, initial recall tended to decline, consistent with previous research (Unsworth & 

Engle, 2006; Ward et al., 2010).  

For the sake of comparison to FFR, we also assessed initial recall performance as a 

function of serial position (see Figure 2A and 2B). For these analyses, performance for each 

list length was separately analyzed in three respective distractors x serial position repeated 

measures BANOVAs. These analyses indicated effects of distractors for all list lengths, but 

also effects of serial position for list lengths 3 and 4 in particular (serial scoring: BFs10 > 8.60 

x 1035; free scoring: BFs10 > 5.00 x 1017). Thus, as the overall analysis demonstrated, initial 

recall tended to decline as the number of distractors increased, and further declined as a 

function of serial position particularly as list length increased. Such serial position effects 

have been commonly observed in list-learning paradigms (Ward et al., 2010).  

 Final free recall. FFR was the primary measure of interest, but as discussed 

previously, we also considered FFR conditionalized on initial recall to control for baseline 

differences across conditions (henceforth referred to as FFR*; e.g., Rose et al., 2014). Thus, 

FFR* refers to the later recall of memoranda that were initially recalled (approximately 78%, 

73%, and 73% of the data in Experiments 1, 2, and 3, respectively). The few instances where 

values were undefined due to no initial recall were replaced with 0. 

 FFR and FFR* were submitted to two separate 3 (list length: 2, 3, 4) x 4 (distractors: 

0, 1, 2, 3) repeated measures BANOVAs (see Figure 3). The FFR analysis showed no 

evidence of any effects of the factors (BFs10 < 0.80), whereas FFR* analysis showed that the 

best model included only a main effect of distractors (BF10 = 1,479) that was strongly 

preferred (BF = 31) to the next best model that included main effects of both distractors and 

list length (BF10 = 47). Thus, list length had little impact on final recall, and importantly, did 

not attenuate the beneficial effect of distractors on FFR*.  
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 We further assessed final recall as a function of serial position to assess whether the 

expected relatively flat slope across serial position (Loaiza & McCabe, 2012) became 

increasingly negative as the list length increased. Accordingly, we submitted FFR and FFR* 

to three respective analyses for each list length as was performed for initial recall 

performance. In stark contrast to the analyses for initial recall, final recall was constant across 

serial position for each list length (see Figure 2C and Figure 2D). For FFR, there was no 

evidence of any effects of distractors or serial position (BFs10 < 0.48) except for list length 4, 

wherein a model of an effect of distractors (BF10 = 449) was strongly preferred (BF = 104) to 

a model including effects of distractors and serial position (BF10 = 4). For FFR*, the best 

models for each list length included an effect of distractors (BFs10 ranging from 10 – 4,970) 

that were preferred (BFs > 6) to the next best models including effects of distractors and 

serial position (BFs10 ranging from 1.31 – 108). 

 In summary, despite the unsurprising strong negative effect of list length on initial 

recall performance, list length did not affect FFR nor did it interact with the effect of 

distractors. Furthermore, inconsistent with our prior work (Loaiza &McCabe, 2012; McCabe, 

2008), there was no evidence of a beneficial effect of the number of distractors on FFR. 

However, the strong evidence of an effect of distractors on FFR* and the descriptive statistics 

shown in Figure 3A indicate that diminished initial recall from trials with more distractors 

hindered the recall of those memoranda. The analysis of FFR* was included to ensure that the 

list length effect on initial recall did not attenuate the potential impact of list length on final 

recall. However, the analysis actually indicated that the number of distractors more strongly 

affected final recall when correcting for initial recall. Finally, final recall was constant across 

serial position, in line with the view that the beneficial effect of distractors reflects retrieval 

from outside the central component of WM rather than an attentional refreshing of 

memoranda within the focus of attention. For FFR*, the beneficial effect of the number of 
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distractors occurred regardless of list length and the original serial position of the 

memoranda. If refreshing did underlie this effect, then list length should have attenuated the 

effect of distractors in final recall, indicating that the memoranda were increasingly more 

difficult to refresh as list length increased. At least in this study so far, the only moderator of 

the effect of the number of distractors appears to be having successfully recalled the 

memoranda in the first place.  

 It may be possible that these effects in final free recall were obfuscated by relatively 

low performance. Indeed, final free recall for memoranda with distractors in the current 

experiment ranged between 17-27% on average, whereas similar conditions in previous 

studies showed performance approaching and over 30% (Loaiza & McCabe, 2012; McCabe, 

2008). There was also relatively high variability in the study, with the standard deviations 

sometimes approaching a similar value of the means of the conditions. Given these 

circumstances and the importance of replicating results in psychological science, we 

conducted Experiment 2 with a very similar design and set of goals as Experiment 1. The 

only change was a methodological one, such that the total number of words studied in each 

block was reduced in order to increase the overall likelihood of final free recall. Thus, the 

theoretical aims of Experiment 2 were the same as Experiment 1: assess whether list length 

moderates the advantage of increasing distractors on final free recall to establish a potential 

dissociation between refreshing and retrieval.  

Experiment 2 

Method 

 Participants. Thirty participants (Mage = 19.67, SD = 2.15) were recruited through the 

department subject pool and compensated with partial course credit. The study lasted 

approximately 60 min. None of the participants had participated in the previous experiment 

and all participants were native English speakers.  
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Design. The experiment manipulated the number of words to recall (2 or 4) and the 

number of distractors following the words (0, 1, 2, or 3) within-subjects. We also examined 

performance as a function of serial position. The principal dependent variables were initial 

recall and final free recall.  

 Materials and Procedure. The materials and procedure were very similar to 

Experiment 1, except that there were only 2 or 4 words to remember per trial. Thus, fewer 

total words were presented during each block compared to Experiment 1 in order to increase 

the final free recall performance. There were six blocks of eight trials each (one trial per 

condition, 24 total words per block) that were randomly presented for each participant. After 

finishing the critical task of the experiment, a portion of the participants completed an 

unrelated task and all participants completed a demographics questionnaire. 

Results and Discussion 

 Initial recall. As in Experiment 1, free and serial initial recall scoring were submitted 

to two separate 2 (list length: 2, 4) x 4 (distractors: 0, 1, 2, 3) repeated measures BANOVAs. 

In general, these results replicated the findings from Experiment 1 and that of other research 

indicating strong negative effects of list length and distraction on immediate recall (see Table 

1). The best model for serial scoring indicated effects of list length and distractors (BF10 = 

2.57 x 1047), and this model was not substantially preferred (BF = 1.92) to the model 

including an interaction term (BF10 = 1.34 x 1047). For free scoring, a full model including an 

interaction term (BF10 = 3.32 x 1038) was best but not substantially preferred (BF = 1.50) to 

the simpler main effects only model (BF10 = 2.22 x 1038). The analyses regarding these 

effects as a function of serial position were similar to Experiment 1 (see Figure 4A and 4B): 

there was an effect of distractors at each list length, but also an effect of serial position for list 

length 4 (serial scoring: BF10 = 6.42 x 1079; free scoring: BF10 = 7.06 x 1043). Thus, 

increasing list length and number of distractors following the memoranda strongly reduced 
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immediate recall, with performance increasingly declining as a function of serial position as 

list length increased. 

 Final Free Recall. FFR and FFR* were submitted to two separate 2 (list length: 2, 4) 

x 4 (distractors: 0, 1, 2, 3) repeated measures BANOVAs. Both measures indicated increased 

performance with increasing number of distractors (see Figure 5). For FFR, the best model 

included an effect of distractors (BF10 = 17) that was preferred (BF = 6) to the next best 

model that additionally included a main effect of list length (BF10 = 2.86). Surprisingly, the 

best model for FFR* showed beneficial effects of distractors and list length (BF10 = 1.73 x 

109) that was preferred (BF = 5) to the next best model of only an effect of distractors (BF10 = 

3.04 x 108). Finally, as in Experiment 1, we further considered final recall as a function of 

serial position. Once again, performance was constant across serial position (see Figure 4C 

and 4D): for FFR at list length 4, there was no evidence of any effects (BFs10 < 0.21), but the 

remaining analyses for FFR at list length 2 and FFR* showed consistent evidence for an 

effect of distractors (BFs10 ranging from 715 – 4.86 x 106) that was preferred (BFs ranging 

from 5 – 118) to the next best model that further included an effect of serial position (BFs10 

ranging from 132 – 7.29 x 105).  

 In summary, the results of Experiment 2 partially diverged from those of Experiment 

1 in showing more consistent evidence of a beneficial effect of distractors on final free recall. 

As in Experiment 1, this effect was constant across serial position and larger when correcting 

for initial recall, but a beneficial effect of list length also emerged alongside distractors in this 

conditionalized analysis. Given this unexpected finding, we conducted a further exploratory 

analysis to consider the source of this effect. Namely, it may have been the case that recalling 

a word from a trial prompted the recall of further words from the same trial. Given that larger 

list lengths necessarily comprised more candidate words to recall than smaller list lengths, the 

likelihood of recalling from the same trial may have asymmetrically benefitted larger list 
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lengths. Accordingly, we examined the likelihood of successively recalling memoranda from 

the same trial during final free recall in a 2 (list length: 2, 4) x 4 (distractors: 0, 1, 2, 3) 

repeated measures BANOVA. Consistent with this notion, the best model included main 

effects of list length and distractors (BF10 = 1.84 x 105), and this model was preferred (BF = 

7) to a model that included only an effect of distractors (BF10 = 23,603). Thus, just as 

retrieval may promote the likelihood of using the original temporal-contextual cues from the 

trial to guide retrieval from episodic LTM (Loaiza & McCabe, 2012), perhaps the 

associations between the memoranda of larger list lengths are also encoded and utilized 

during retrieval from episodic LTM. Further work will be necessary to explore this 

possibility. Notwithstanding this result, the findings converge with the previous experiment 

in suggesting that the presentation of distractors facilitates later retrieval from episodic LTM. 

Importantly, the consistency of the effect across list length and serial position indicates that 

the effect is more likely due to retrieval from outside of the central component of WM rather 

than refreshing the memoranda through the focus of attention.  

 Although the results are consistent with the retrieval account, they could also be 

interpreted as consistent with a recent alternative account suggesting that prolonging the time 

that memoranda are processed in WM facilitates their retrieval from episodic LTM (Jarjat et 

al., in press; Souza & Oberauer, 2017b). Thus, it is time, rather than the distractors per se, 

that improves long-term retention. In a recent series of experiments, Souza and Oberauer’s 

(2017b) results indicated that a slow span trial that presented a blank pause between the 

memoranda of an equivalent duration to that of the distracters during complex span yielded 

greater final free recall compared to the complex span and simple span trials. The slow span 

trials further showed greater final free recall compared to trials in which the distractors or the 

blank pauses followed the presentation of all of the memoranda in a Brown-Peterson-like 

format. The authors concluded prolonging the time that memoranda are attended to just after 
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they have been encoded, perhaps by consolidation (e.g., Bayliss, Bogdanovs, & Jarrold, 

2015) or elaboration (e.g., Craik & Tulving, 1975), improves their retention in episodic LTM. 

Consolidation refers to transforming sensory input into a stable short-term trace, whereas 

elaboration refers to processing items with regard to their meaningful, semantic 

characteristics.  

 Accordingly, this account seems consistent with the pattern of results here: increasing 

number of distractors following the memoranda in the current experiments necessarily 

increased the total duration that they were processed in WM; time and distractors in these 

experiments are confounded. Accordingly, the beneficial effect of increasing distractors on 

episodic LTM may be due to the increased time rather than retrieval from outside the central 

component of WM. One inconsistency with this alternative account in the current results, 

however, is that a benefit of distractors was observed when they followed all of the 

memoranda. The beneficial effect of the distractors may not have been expected at all in the 

current study given that the benefit of time in Souza and Oberauer’s study appeared to be 

exclusive to the slow span trials wherein the pauses followed each item rather than all of the 

items. Thus, it is at least unlikely that the memoranda in the current study benefitted from 

improved consolidation given that the increased time did not follow each item. However, it 

may still have been the case that the increased time afforded greater elaboration or refreshing 

during the free time available during the task (Jarjat et al., in press).  

 Experiment 3 was designed to distinguish these accounts while remaining within the 

scope of the original goal of the study to examine the potential impact of list length and its 

interaction with distractors on final free recall. Namely, we again varied the number of 

memoranda (2 or 4) presented during the trial, but the number of distractors changed slightly 

from the previous experiments. Either 0 or 3 distractors followed the memoranda, but the 3 

distractors were either presented at the rate from the previous experiments (3.5 s) or at a 
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slower rate (4.5 s). This allows a disambiguation between the number of distractors and the 

total time that the items are processed in WM. Although both the retrieval and free time 

accounts would predict a benefit of 3 over 0 distractors in final free recall, they differ 

regarding the potential difference between the fast and slow presentation rates of the 3 

distractors. If the time afforded to the items to be processed in WM is the true cause of the 

previously reported benefit of increasing distractors, then final free recall should be even 

greater for the memoranda studied during the 3 slow distractors (15 s total before recall) 

relative to the 3 fast distractors (12 s total before recall). By contrast, the retrieval account 

suggests the number of distractors affording retrieval opportunities primarily facilitates final 

free recall in this paradigm, and thus there should be no difference in final free recall between 

the fast and slow presentation rates of the 3 distractors.  

Experiment 3 

Method 

 Participants. Thirty participants (Mage = 19.83, SD = 2.28) were recruited through the 

department subject pool and compensated with partial course credit or £5 for the study that 

lasted approximately 45 min. None of the participants had participated in the previous 

experiment and all participants were native English speakers. 

Design. The experiment manipulated the number of words to recall (2 or 4) and the 

number of distractors following the words (0, 3 distractors fast, 3 distractors slow) within-

subjects. We also examined performance as a function of serial position. The principal 

dependent variables were initial recall and final free recall.  

 Materials and Procedure. The materials and procedure were very similar to the 

previous experiments. The main differences were that only 0 or 3 distractors followed the 2 

or 4 memoranda. Importantly, the presentation rate of the 3 distractors varied across the trials: 

they were presented either for 3.5 s (0.5 s ISI) as in the previous experiments or for a slower 
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rate of 4.5 s (0.5 s ISI). Participants were not alerted to this difference. There were six blocks 

of six trials each (one trial per condition, 18 total words per block) that were randomly 

presented for each participant. The participants finished the session at the conclusion of the 

last block, with no further tasks completed.  

Results and Discussion 

 Initial Recall. As in the previous experiments, serial and free recall scoring were both 

assessed as measures of initial recall performance (see Table 1). The 2 (list length: 2, 4) x 3 

(distractors: 0, 3 fast, 3 slow) repeated measures BANOVA for both measures showed that 

the best model was a full model including an interaction between list length and distractors 

(serial scoring: BF10 = 1.53 x 1050; free scoring: BF10 = 9.75 x 1038), and these models were 

substantially preferred (serial scoring: BF = 1,645, free scoring: BF = 40) to the next best 

models including only main effects (serial scoring: BF10 = 9.31 x 1046; free scoring: BF10 = 

2.39 x 1037). The source of the interaction was a relatively greater difference between list 

lengths for the 3 distractors conditions compared to 0 distractors condition. The analyses 

regarding these effects as a function of serial position were similar to the previous 

experiments (see Figure 6A and 6B): there were clear effects of distractors at each list length, 

with more substantial evidence for effects of serial position at list length 4 (serial scoring: 

BF10 = 4.51 x 1076; free scoring: BF10 = 2.19 x 1048). Thus, the results are consistent with the 

previous experiments and previous work showing the strong impairments of increasing list 

length and distraction to recall, with declines also evident as a function of serial position.  

 Final Free Recall. As in the previous experiments, FFR and FFR* were submitted to 

two separate 2 (list length: 2, 4) x 3 (distractors: 0, 3 fast, 3 slow) repeated measures 

BANOVAs. Once again, both measures indicated a benefit of distractors, such that final 

recall was better for 3 distractors over 0 distractors (see Figure 7). For FFR, the best model 

included an effect of distractors (BF10 = 7.29) that was preferred (BF = 6) to the next best 
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model that additionally included a main effect of list length (BF10 = 1.21). For FFR*, the best 

model was the full model including an interaction between distractors and list length (BF10 = 

7.57 x 108), but this model was not substantially preferred (BF = 1.35) to the simpler model 

including only main effects (BF10 = 5.61 x 108). The source of the interaction appeared to 

originate from a greater effect of distractors for list length 4 than list length 2. It is not 

immediately clear how such a result would comport with either the retrieval or free time 

accounts. Given the results of Experiment 2, it was possible that increasing list length could 

improve final free recall overall perhaps due to the relatively increased temporal associations 

that are possible between items compared to small list lengths. Notwithstanding, the most 

important analysis to adjudicate between the retrieval and free time accounts concerned the 

difference between the 3 distractors conditions. Thus, our analysis primarily concerned this 

pairwise comparison between the conditions and their respective differences with the 0 

distractors condition.  

 In order to assess the differences between these conditions, we conducted directional, 

one-way Bayesian t-tests (Rouder, Speckman, Sun, Morey, & Iverson, 2009) that assumed an 

advantage of the 3 distractors conditions over the 0 distractors condition as well as non-

directional two-way Bayesian t-tests between the 3 distractors conditions. In addition, we also 

used Bayesian estimation software (BEST; Kruschke, 2013) to estimate the size of the effects 

for each comparison and their respective 95% highest-density intervals (HDI). For FFR, we 

performed this analysis on the average of the two list lengths given the lack of list length 

effect, whereas the conditions were compared for each respective list length for FFR* given 

the evidence of a list length effect.  

As both retrieval and free time accounts would predict, a McCabe effect was evident 

in FFR, such that both of the 3 distractors conditions showed an advantage over the 0 

distractors condition (fast: BF10 = 16; slow: BF10 = 13). Importantly, consistent with the 
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retrieval account, there was substantial evidence for a null difference between the two 3 

distractors conditions (BF10 = 0.22). The effect sizes for these comparisons derived with 

BEST were convergent with these findings: there were moderate benefits of the 3 distractors 

conditions over the 0 distractors condition (fast: d = 0.56 [0.15, 0.97]; slow: d = 0.58 [0.15, 

1.02]). However, there was no evidence of a difference between the two 3 distractors 

conditions, with the range of credible values of the effect size including 0 (d = 0.09 [-0.29, 

0.45]). This pattern was similar for the analysis of FFR*: there was a McCabe effect when 

comparing the 0 distractors condition to both of the 3 distractors conditions for list length 2 

(fast: BF10 = 64, d = 0.66 [0.25, 1.01]; slow: BF10 = 5, d = 0.49 [0.07, 0.92]) and list length 4 

(fast: BF10 = 68,047, d = 1.17 [0.67, 1.66]; slow: BF10 = 66,673, d = 1.27 [0.66, 1.87]). The 

comparison between the two 3 distractors conditions, however, supported a null effect (list 

length 2: BF10 = 0.24, d = -0.12 [-0.50, 0.25]; list length 4: BF10 = 0.56, d = 0.28 [-0.10, 

0.67]).  

Finally, as in the previous experiments, we also examined final recall as a function of 

serial position. Congruent with the previous findings, performance was consistent across 

serial position (see Figure 6C and 6D): for FFR at list length 2, there was no evidence of any 

effects (BFs10 < 1.90), but the remaining analyses for FFR at list length 4 and FFR* showed 

consistent evidence for an effect of distractors (BFs10 ranging from 111 – 1.09 x 1015) that 

was preferred (BFs ranging from 3 – 30) to the next best model that further included an effect 

of serial position (BFs10 ranging from 4 – 3.62 x 1013).  

Thus, the results of Experiment 3 replicate and extend those of the previous 

experiments to show that the benefit of distraction to final free recall is more likely due to the 

impact of retrieval during WM rather than the amount of time to process the memoranda in 

WM per se. Moreover, they are consistent with the previous experiments in that list length 
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did not moderate the beneficial effect of distractors, supporting the notion that retrieval serves 

to recover information from outside of the central component of WM.  

General Discussion 

 A classic finding in the memory literature is that performance tends to decline as the 

duration of a distraction-filled retention interval increases (Brown, 1958; Peterson & 

Peterson, 1959). Counterintuitive to this result, the overall findings of this study suggest that 

increasing the number of distracting activities in a WM task promotes later retrieval from 

episodic LTM. This is consistent with prior work showing an advantage of complex span 

over simple span items for retrieval from episodic LTM, i.e., the McCabe effect (Loaiza et 

al., 2015; Loaiza & McCabe, 2012, 2013; McCabe, 2008; Souza & Oberauer, 2017b). We 

have interpreted such findings as consistent with a covert retrieval account of WM (McCabe, 

2008): although distractors during span tasks interfere with maintenance in WM, they also 

serve as opportunities to covertly retrieve recently presented memoranda, in turn reinforcing 

the contextual cues that can guide later retrieval from episodic LTM (Loaiza & McCabe, 

2012; McCabe, 2008). The current study replicated and extended these results by 

demonstrating that the number of memoranda to recall, or list length, did not moderate this 

benefit, and the benefit was consistent across serial position. Furthermore, the results were 

able to rule out an alternative competitive account that extending the time with which to 

process items in WM primarily underlies the beneficial effect of distraction to episodic LTM 

(Jarjat et al., in press; Souza & Oberauer, 2017b). Overall, the study makes a novel 

contribution to the literature to suggest that retrieval may be dissociable from refreshing, 

especially regarding its impact on episodic LTM. Such findings also have implications for the 

overlap between WM and LTM. 

The Distinction between Refreshing and Retrieval in WM 
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 The novel manipulation of list length in the current study was intended to dissociate 

two possible underlying causes of a counterintuitive result that distractors can facilitate 

episodic LTM (McCabe, 2008): (1) the memoranda are refreshed in the focus of attention 

(Loaiza et al., 2015; Loaiza & McCabe, 2012), or (2) retrieval of a cohesive chunk from 

outside of the central component of WM, and as such, retrieval and refreshing are dissociable 

(Camos et al., 2018; Loaiza & Camos, 2017). These possible conceptualizations are 

represented in Figure 1. As McCabe (2008) suggested, increasing list length may diminish 

the refreshing of memoranda one-by-one within the focus of attention. That is, given that 

increasing list length may incur an attentional cost (e.g., Vergauwe et al., 2014), refreshing 

may be slower and more error-prone as list length increases if it serially cycles through each 

item, thereby reducing the benefit of the opportunity to refresh the memoranda after each 

distractor. Accordingly, a reduced beneficial effect of distractors with increasing list length in 

the current study would be consistent with the refreshing account. Furthermore, examining 

final free recall as a function of serial position would provide further evidence for this view. 

Specifically, a relatively consistent pattern of final free recall across serial position was 

demonstrated using a Brown-Peterson span-like trial relative to the negative recency effect 

evident in typical complex span (Loaiza & McCabe, 2012). Consistent with a serial, 

cumulative view of refreshing, this predicted flat slope of final free recall across serial 

position may be more evident for small rather than large list lengths, indicating that later-

presented memoranda in the trial have less opportunity to be refreshed than earlier-presented 

memoranda. In summary, the refreshing account would predict an interaction between list 

length and distractors, such that the beneficial effect of distractors is reduced for larger list 

lengths and items toward the end of a trial. 

 In stark contrast to these predictions, list length never moderated the beneficial effect 

of distractors on final free recall across all three experiments. Furthermore, we replicated and 
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extended Loaiza and McCabe’s (2012) finding that final free recall is consistent across serial 

position for Brown-Peterson span-like trials regardless of list length. The results instead 

comport with the retrieval account, such that retrieving the entire chunk of items from outside 

the central component of WM facilitates episodic LTM. In this regard, retrieval is less 

attention-demanding compared to refreshing, and may share more in common with the overt 

retrieval that occurs during many episodic LTM paradigms. We return to this potential 

overlap between WM and LTM in the next section. 

 These results are at first seemingly in conflict with the aforementioned observation 

that list length may have diminished the efficiency of retrieval in McCabe’s (2008) original 

study. Instead, this may have been due to the increased demands of the distractors that are 

often confounded with list length in complex span tasks. That is, complex span tasks typically 

present one distractor for each memorandum (Conway et al., 2005). The current study sheds 

light on this by de-confounding list length and distractors within the same task. The results 

previously indicating a moderating effect of list length may instead be more attributable to 

the consequences of managing the demands of increasingly more distractors.  

 Most importantly, list length provided a theoretically meaningful factor along which 

the distinction between refreshing and retrieval was possible. As discussed previously, list 

length effects in WM have often been interpreted as reflecting the inefficiency of the system 

to actively maintain too many memoranda at once (e.g., Cowan, 2001; Oberauer, 2002). For 

example, list length effects are commonly shown in both accuracy (e.g., Luck & Vogel, 

1997) and response speed (e.g., Oberauer, 2002) for items that are actively maintained in 

WM. A growing body of research suggests that refreshing is a domain-general mechanism 

that relies on central attention to boost the activation of items by cycling them through the 

focus of attention (see Camos et al., 2018 for a review). As such, a source of list length 

impairments to WM may originate from a reduced efficiency of refreshing to search and 
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reactivate items in WM, suggesting a strong link between list length and attention. By 

contrast, list length may have less effect on retrieving a chunk or list from outside the central 

component of WM, such as recently presented but less available information in activated 

LTM (e.g., Oberauer, 2005) or information in episodic LTM (e.g., Fukuda & Woodman, 

2017). Accordingly, the impact of list length and its interaction with distractors in the current 

study provides a means of delineating refreshing within or retrieval outside of the central 

component of WM.  

Although in previous research we have made the argument that the McCabe effect 

reflects refreshing (e.g., Loaiza et al., 2015; Loaiza & McCabe, 2012, 2013), these findings 

indicate that refreshing and retrieval are in fact dissociable (Jarjat et al., in press; Loaiza & 

Camos, 2018). We thus contend that the dissociation that has been made in the literature 

regarding attentional refreshing and articulatory rehearsal (e.g., Camos et al., 2009) may be 

analogous to the distinction we make here: rehearsal, refreshing, and retrieval may operate 

independently to sustain memory traces in WM and, as a function of their use, have 

differential effects on the long-term retention of those traces. Refreshing and retrieval are 

more similar to each other in this regard in that they both have been shown to impact episodic 

LTM compared to rehearsal (e.g., Camos & Portrat, 2015; Loaiza & McCabe, 2013). On the 

other hand, rehearsal and retrieval may be more similar to each other in that they incur little 

attentional demand compared to refreshing (e.g., Vergauwe et al., 2014). These mechanisms 

may be differentially emphasized or strategically used as a function of the characteristics of 

the task or individual, as has been suggested regarding the joint use of rehearsal and 

refreshing (Camos et al., 2011). The contention that rehearsal, refreshing, and retrieval are 

dissociable mechanisms is consistent with the Multiple-Entry, Modular Memory System 

(MEM) framework (M. K. Johnson, 1992) that originally advanced the notion that these and 

other different reflective mental operations contribute to WM and episodic LTM. Moreover, 
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Oberauer’s (2002) concentric framework provides an architecture that could feasibly map 

onto the operations of refreshing and retrieval, such that refreshing cycles through a few 

active memoranda within the region of direct access, whereas retrieval recovers less active 

information that has been relegated to activated LTM. As we discuss further in the next 

section, this dissociation between refreshing and retrieval may further shed light on what 

previously appeared to be incompatible findings, such as whether refreshing relies on LTM 

(Loaiza et al., 2015; Rose et al., 2014). 

The current results are also relevant to recent work examining the effects of varying 

cognitive load on WM and episodic LTM alike (Camos & Portrat, 2015; Jarjat et al., in 

press). As discussed previously, much of the work regarding cognitive load has 

conceptualized this factor as fundamentally linked to refreshing: as the cognitive load of 

presented distractors increase, the ability to engage in refreshing is reduced, thereby leading 

to reduced recall from WM (e.g., Barrouillet et al., 2011). A common method of 

manipulating cognitive load is to vary the presentation rate (i.e., pace) of the distractors, such 

that a short pace is thought to incur a high cognitive load relative to a long pace. In 

Experiment 3, the pace of the distractors was manipulated, and so at first glance the results 

may seem in conflict with these recent studies that have shown that manipulating refreshing 

via the pace of the distractors affects episodic LTM (Camos & Portrat, 2015; Jarjat et al., in 

press).  

There are two reasons why the current results should not be interpreted as such. First, 

our experiments used a Brown-Peterson task, and slowing the pace necessarily increases the 

retention interval between study and test. Increasing retention intervals during a Brown-

Peterson task are traditionally associated with profound forgetting (Brown, 1958; Peterson & 

Peterson, 1959). This contrasts with the impact of slowing the pace of distractors between 

items in complex span, such that a slow pace is thought to reduce cognitive load and thus 
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reduce forgetting in WM, as discussed previously. The fact that there is no impact of the pace 

of the distractors on initial recall in Experiment 3 perhaps suggests that the benefit of reduced 

cognitive load was balanced against the cost of an increasing retention interval. 

Notwithstanding, Experiment 3 was not intended to be a test of cognitive load on episodic 

LTM. If this were the goal, a more appropriate method would be to manipulate difficulty 

while keeping pace constant as some others have done when examining initial recall (Ricker, 

Vergauwe, Hinrichs, Blume, & Cowan, 2015; White, 2012). Thus, these factors in 

combination with the fact that no pace effect was observed in initial recall suggests that 

further interpretation about cognitive load in this paradigm should be approached with 

caution. Secondly, as discussed previously, different tasks and manipulations may promote 

different maintenance mechanisms. For example, Vergauwe et al. (in press) showed that 

whether consolidation or refreshing is preferred as a strategy appears to depend on the 

temporal parameters of the task. Similarly, utilizing an arithmetic problem as a distractor over 

an extended period of several seconds may more strongly emphasize retrieval than refreshing 

compared to a paradigm that emphasizes quick, successive distractors, such as digits (Camos 

& Portrat, 2015; Jarjat et al., in press). These are certainly issues that require future research, 

but as we have reiterated previously, it is likely that a variety of different strategies (e.g., 

rehearsal, refreshing, elaboration, etc.) are used to maintain items in WM, and a growing 

body of work has sought to distinguish them (e.g., Camos et al., 2011; Vergauwe et al., in 

press). The current research contributes to this area by showing that there may be a 

dissociation between two of these mechanisms, namely, refreshing and retrieval. 

Retrieval and the Overlap between Working Memory and Long-Term Memory 

 The distinction between WM and LTM has often been a considerable source of debate 

in the memory literature, with some espousing complete independence between the systems 

(e.g., Baddeley, 1986; Barrouillet & Camos, 2015) whereas others view memory as unitary 
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with no need for a distinction between WM and LTM (e.g., Crowder, 1982; Nairne, 2002). 

An intermediate view suggests that WM represents the activated content of LTM (e.g., 

Cowan, 1999; Oberauer, 2002). At the very least, WM and LTM are often shown to be 

strongly related constructs, such that performance on a number of WM and LTM tasks 

correlate at the latent level (Unsworth, 2010). Furthermore, the growing literature regarding 

the impact of WM mechanisms on episodic LTM (Camos & Portrat, 2015; Loaiza & 

McCabe, 2012, 2013; McCabe, 2008) and likewise the effect of LTM processes on WM 

functioning (Loaiza & Camos, in press; Loaiza et al., 2011; Rose et al., 2014) point to a 

bidirectional relationship between the two systems. The present study suggests that retrieval 

in WM may be a means in which LTM processes influence WM, thereby blurring the border 

between the two systems.  

 In addition to the current study suggesting that list length has no impact on the 

efficacy of retrieval, there is further evidence in the literature that this is the case. For 

example, Rose and colleagues (2014, 2015) have shown a variable levels-of-processing effect 

in WM depending on the demands of a concurrent task. The levels-of-processing effect refers 

to the memorial advantage of processing information with regard to its deep, semantic 

characteristics compared to its shallow characteristics (Craik & Tulving, 1975). In Rose and 

colleagues’ studies, participants were instructed to make deep or shallow processing 

decisions on memoranda before performing a concurrent task: either rehearsing the 

memoranda, solving simple or difficult arithmetic problems. These conditions were thought 

to vary the use of rehearsal and refreshing, with both being largely unavailable in the difficult 

condition. Rose and colleagues (2014, 2015) demonstrated an increasing levels-of-processing 

effect in WM as the difficulty of the concurrent task increased. To account for these and other 

findings, Rose and colleagues (Rose et al., 2014, 2015, 2010; Rose & Craik, 2012) have 

advanced a dynamic processing model of WM that episodic-retrieval processes influence 
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maintenance in WM in addition to other mechanisms like rehearsal. That is, when the 

demands of a concurrent task deter the use of rehearsal and refreshing, retrieval from episodic 

LTM will help to sustain short-term retention of items in WM. The findings of this study are 

in line with this proposal, such that retrieval operates to recover information from outside the 

central component of WM.   

 The notion that retrieval represents an intersection between WM and LTM also helps 

to elucidate previously incongruent findings regarding whether refreshing relies on LTM. As 

Camos and colleagues’ (2018) review notes, refreshing is fundamentally an attention-based 

mechanism and as such should hypothetically have little reliance on LTM, although research 

has not always been consistent regarding this issue (Ricker & Cowan, 2010). Loaiza and 

colleagues (2015) showed that the McCabe effect was not evident for non-words that 

likewise have no existing representation in LTM. This may make sense considering the 

results of the present findings: if retrieval is primarily responsible for the McCabe effect and 

we have now demonstrated that it may be more akin to retrieval that occurs during episodic 

LTM paradigms, then a moderating effect of representations’ existing status in LTM would 

certainly be expected. In this regard, retrieval may rely more on LTM characteristics and less 

on attention, whereas refreshing may rely more on attention and less on LTM characteristics.  

Limitations 

 There are several conceptual and methodological limitations to consider for this series 

of experiments. First, and most importantly, the concept of refreshing is still not fully 

understood, and some researchers disagree on fundamental aspects of its functioning (Camos 

et al., 2018). Most relevantly, the timing of refreshing is debated, with some work has 

suggested that refreshing occurs very rapidly, within about 40 ms (Vergauwe et al., 2014), 

whereas other work suggests that the time course of refreshing is much slower, about 600 ms 

(Johnson, McCarthy, Muller, Brudner, & Johnson, 2015). Still others argue that refreshing 
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may even operate in parallel rather than in a serial manner (Portrat & Lemaire, 2015). Thus, 

the predictions regarding the interaction of list length and distractors in the work presented 

here very much rely on a specific depiction of refreshing as a relatively slow and serial 

mechanism. If refreshing could operate on multiple items in parallel or rapidly cycle through 

representations in the focus of attention, then the time allotted during the distractors in the 

current study likely could have been sufficient to refresh the items multiple times, thereby 

yielding a null interaction with list length. Unfortunately, because the paradigm is necessarily 

inferential, and no strategy reports were systematically recorded, it is difficult to discern 

between these possibilities. This limitation of the paradigm’s indirectness also limits how 

much other strategies, such as elaboration or association between items, contributed to the 

results.  

Furthermore, the argument that retrieval could occur as a chunk has largely originated 

from studies that utilized response times as the measure of interest rather than recall accuracy 

used here (Conway & Engle, 1994; Oberauer, 2005; Wickens et al., 1981). It may be the case 

that accuracy is differently sensitive to list length effects than response times, and thus the 

measures may not necessarily be congruent. Furthermore, list length effects are commonly 

observed in accuracy in episodic LTM paradigms (e.g., Rohrer & Wixted, 1994; Unsworth, 

2007), thus calling the notion of retrieval of chunks into question. However, as we discussed 

previously, this literature is not necessarily at odds with the suggestion given that a cue-

dependent search of LTM often involves retrieving a list context from which to sample 

specific items (Howard et al., 2008; Unsworth, 2008). That said, further work is necessary to 

ensure that these views are empirically as well as conceptually compatible. 

Finally, a methodological issue that is persistent across this and other studies that have 

investigated the impact of WM mechanisms on episodic LTM is the confounding of retrieval 

instructions with time of test. Traditionally, participants are instructed to recall items in their 



LIST LENGTH AND DISTRACTORS  36 

 

original serial order for measures of WM, whereas such an instruction would be very difficult 

to accomplish in a test of episodic LTM. Thus, more work should be done to ensure that any 

of the results that have been observed in this area are not dependent on the difference in 

retrieval instructions between the two time points of recall.   

Conclusions 

 The current study demonstrates novel findings regarding the interaction between list 

length and distractors presented during a span task trial. In particular, we suggest that the lack 

of a moderating effect of list length on the beneficial effect of distractors to final free recall 

indicates that retrieval may not strongly rely on attention and is therefore distinguishable 

from refreshing. Thus, we rescind our previous proposal that the McCabe effect may reflect 

refreshing, and instead suggest that refreshing and retrieval are two mechanisms that jointly 

operate in WM, with retrieval being a means by which LTM factors may influence WM. 
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Table 1. Means (and 95% within-subjects confidence intervals; Cousineau, 2005; Morey, 

2008) for initial recall, both serial scoring and free scoring, across experiments as a function 

of list length and the number of distractors following the memoranda.  

Distractors 

Experiment Measure 
List 

Length 
0 1 2 3 3 slow 

1 Serial 2 0.98 (0.05) 0.88 (0.07) 0.70 (0.07) 0.73 (0.07) - 

scoring 3 0.96 (0.05) 0.66 (0.08) 0.58 (0.08) 0.53 (0.06) - 

4 0.84 (0.07) 0.52 (0.06) 0.39 (0.08) 0.45 (0.07) - 

Free 2 0.98 (0.04) 0.91 (0.05) 0.75 (0.06) 0.75 (0.06) - 

Scoring 3 0.96 (0.04) 0.78 (0.06) 0.73 (0.06) 0.66 (0.05) - 

4 0.92 (0.04) 0.73 (0.04) 0.59 (0.06) 0.60 (0.05) - 

2 Serial 2 1.00 (0.06) 0.80 (0.05) 0.62 (0.06) 0.64 (0.08) - 

Scoring 4 0.77 (0.06) 0.46 (0.04) 0.38 (0.05) 0.31 (0.06) - 

Free 2 1.00 (0.04) 0.86 (0.05) 0.73 (0.05) 0.72 (0.07) - 

Scoring 4 0.93 (0.03) 0.68 (0.03) 0.62 (0.04) 0.52 (0.06) - 

3 Serial 2 0.99 (0.04) - - 0.71 (0.06) 0.69 (0.04) 

Scoring 4 0.83 (0.05) - - 0.33 (0.05) 0.32 (0.04) 

Free 2 0.99 (0.03) - - 0.77 (0.06) 0.76 (0.04) 

Scoring 4 0.91 (0.03) - - 0.56 (0.04) 0.53 (0.04) 
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Figure 1. A schematic of the task used in the current experiments, the hypothetical 

psychological processes involved, and the expected pattern of results. WM = working 

memory, M = memoranda (i.e., in this study, the words to recall), D = distractors (i.e., in this 

study, the arithmetic problems following the words), FFR = final free recall.  
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Figure 2. A. Initial recall – serial scoring, B. Initial recall – free scoring, C. Final free recall (FFR), and D. Final free recall conditionalized on 

initial recall (FFR*) across serial position in Experiment 1. Bars reflect 95% confidence intervals. 

  



Running head: LIST LENGTH AND DISTRACTORS  52 
 

Figure 3. A. Final free recall (FFR) and B. FFR* (final recall conditionalized on initial recall) 

as a function of list length and distractors in Experiment 1. Bars reflect 95% within-subjects 

confidence intervals. 
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Figure 4. A. Initial recall – serial scoring, B. Initial recall – free scoring, C. Final free recall (FFR), and D. Final free recall conditionalized on 

initial recall (FFR*) across serial position in Experiment 2. Bars reflect 95% within-subjects confidence intervals. 
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Figure 5. Final free recall (FFR) and B. FFR* (final recall conditionalized on initial recall) as 

a function of list length and distractors in Experiment 2. Bars reflect 95% within-subjects 

confidence intervals. 
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Figure 6. A. Initial recall – serial scoring, B. Initial recall – free scoring, C. Final free recall (FFR), and D. Final free recall conditionalized on 

initial recall (FFR*) across serial position in Experiment 3. Bars reflect 95% within-subjects confidence intervals. 
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Figure 7. Final free recall (FFR) and B. FFR* (final recall conditionalized on initial recall) as 

a function of list length and distractors in Experiment 3. Bars reflect 95% within-subjects 

confidence intervals. 

 


