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Abstract 

Word count: 150 

Much research has investigated the qualitative experience of retrieving events from episodic 

memory (EM). The present study investigated whether covert retrieval in WM increases the 

phenomenological characteristics that participants find memorable in EM using tasks that 

distract attention from the maintenance of memoranda (i.e., complex span; Experiment 1) 

relative to tasks that do not (i.e., short or long list lengths of simple span; Experiments 1 and 

2). Participants rated the quality of the phonological, semantic, and temporal-contextual 

characteristics remembered during a delayed memory characteristics questionnaire (MCQ). 

Whereas an advantage of the complex over simple span items was observed for each 

characteristic (Experiment 1), no such difference was observed between short and long trials 

of simple span (Experiment 2). These results are consistent with the view that covert retrieval 

in WM promotes content-context bindings that are later accessible from EM for both 

objective performance and subjective details of the remembered information. 

 Keywords: working memory, episodic memory, memory characteristics 
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Retrieval from episodic memory (EM) is often accompanied by rich 

phenomenological details during the experience of mentally reliving the original event. Much 

research has explored the underlying processes that give rise to this experience of conscious 

recollection (Gardiner, 1988; Tulving, 1985), especially the conditions in which the 

remembered information was originally processed in working memory (WM). WM refers to 

the immediate memory system that maintains, updates, and manipulates information for brief 

intervals of time in the service of ongoing cognition. WM and EM are often strongly aligned 

both conceptually and empirically, as much work has shown that performance on their 

respective measures is significantly correlated (Unsworth, 2010; Unsworth & Spillers, 2010), 

especially recollection-based EM (Unsworth & Brewer, 2009). Some recent work has 

suggested that mechanisms underlying active maintenance of information in WM may not 

only promote later retrieval from EM, but also the experience of conscious recollection of the 

original event (Loaiza, Duperreault, Rhodes, & McCabe, 2015). In particular, we have 

proposed that measures of WM often entail the consistent covert retrieval of memoranda in 

order to keep them available despite other distracting events (Loaiza & McCabe, 2012; 

McCabe, 2008)
1
. Consequently, we have observed improvements in objective EM 

performance (e.g., free recall) as a function of opportunities to covertly retrieve memoranda 

in WM. The experiments in the current paper sought to determine whether subjective details 

associated with an event (i.e., phonological, semantic, and temporal-contextual) are likewise 

more phenomenologically memorable as a function of covert retrieval in WM.  

 Complex span tasks are often used to measure WM capacity, or the degree to which a 

person can maintain and manipulate information effectively. For example, the operation span 

                                                           
1
 It should be noted that in previous work we had specified covert retrieval as attentional 

refreshing (e.g., Loaiza & McCabe, 2012). However, in order to avoid any conflation of 

terms with other researchers using similar terminology but perhaps referring to different 

functions (e.g., Camos, Lagner, & Barrouillet, 2009; Johnson, 1992), we will use covert 

retrieval here. Much work remains to be done regarding how similar these proposed 

mechanisms are.  
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task (Turner & Engle, 1989) requires participants to solve basic arithmetic problems (e.g., 4 x 

7 = 29?) that are interspersed among to-be-remembered information (e.g., concrete words). 

Simple span tasks such as word span instead successively present memoranda without any 

distraction or processing activity. Historically, complex span tasks were thought to measure 

WM capacity to a greater extent than simple span tasks due to the additional demands of the 

secondary task, whereas simple span tasks may only test passive storage of information. This 

view was largely predicated on the finding that complex span tasks predict performance on 

other measures of higher-order cognition, such as fluid intelligence, more strongly than 

simple span tasks (Engle, Tuholski, Laughlin, & Conway, 1999; Kane et al., 2004). 

However, further work has suggested that longer trial lengths of simple span tasks 

(i.e., more than four memoranda) may also reliably measure WM capacity (Unsworth & 

Engle, 2006, 2007a, 2007b). In their dual-component model, Unsworth and Engle (2007a, 

2007b) proposed that WM capacity reflects the contributions of active maintenance of a 

limited amount of information in primary memory and the cue-based search and retrieval of 

secondary memory. In particular, attention must be devoted to sustaining the activation of 

memoranda or task goals in primary memory, and switching attention away from their 

maintenance to distraction or new incoming memoranda requires their retrieval from 

secondary memory. Accordingly, simple span tasks that present many more items than can be 

maintained in primary memory may be more similar to complex span tasks than previously 

considered to the extent that they also reflect the contribution of these two underlying 

functions. In support of this notion, Unsworth and Engle (2006) found that performance on 

simple span tasks resembled that of complex span tasks when the simple span tasks were 

more difficult in nature. Specifically, longer list lengths of simple span were more strongly 

correlated with fluid intelligence than shorter list lengths of simple span (Unsworth & Engle, 

2006; Unsworth & Engle, 2007b). Using latent variable analysis, Unsworth and Engle (2006) 
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also showed that the variability common to these same long list lengths of simple span loaded 

on a different factor than short list lengths of the same simple span task. This suggests that 

the distinctions typically made between simple and complex span tasks are not as 

straightforward as originally thought. Instead, Unsworth and Engle have argued that both 

simple and complex span tasks measure the same mechanisms, but to different degrees. 

Complex span and long simple span trials require retrieval from primary and secondary 

memory on each trial, whereas short simple span trials only require retrieval from primary 

memory. Thus, a cue-dependent search of secondary memory is necessary to retrieve the 

memoranda that have been displaced from active maintenance in primary memory due to 

distraction (complex span tasks) or new incoming memoranda (long simple span tasks). 

McCabe (2008) further investigated this hypothesis by considering immediate and 

delayed retrieval from simple and complex span tasks. Specifically, McCabe administered 

trials of word span and operation span with two to four memoranda per trial. In addition to 

immediately recalling the words at the end of the trials, participants were also asked to try to 

recall the words after a delay. The results of his first experiment showed that while immediate 

recall of memoranda from simple span was predictably greater than that of complex span, the 

reverse was true for delayed recall, such that memoranda from complex span were more 

likely to be recalled than simple span. We henceforth refer to this finding of greater EM 

performance for complex span than simple span as the McCabe effect. The McCabe effect 

was also demonstrated even when immediate recall was precluded randomly for half the 

trials, thereby negating any possible differences in overt retrieval during the recall phase of 

the trials.  

McCabe (2008) originally interpreted these findings in accordance with the dual-

component model: given that the distraction phase of complex span tasks (e.g., arithmetic 

problems) displaces the memoranda from primary to secondary memory, participants must 
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engage in covert retrieval to reactivate them so they are not forgotten by the end of the trial. 

This repeated covert retrieval from secondary memory during the interim between the 

distraction (i.e., the arithmetic problems) and the memoranda (i.e., the words) of complex 

span tasks in turn promotes strong cues for those items to be later accessed during delayed 

recall. Conversely, the simple span trials never exceeded the limits of primary memory (i.e., 

about four memoranda), and thus those items should remain within primary memory without 

being displaced. Accordingly, no controlled search of secondary memory is necessary for 

short list lengths of simple span, whereas complex span tasks necessitate covert retrieval that 

in turn promotes stronger retrieval cues to access that information later on during EM 

(McCabe, 2008). The most important evidence that supported the covert retrieval account 

was the finding that delayed recall declined as a function of serial position for the complex 

span but not the simple span trials. This is in line with the prediction that the memoranda 

presented earliest in the trials, which presumably had the most opportunities to be covertly 

retrieved during WM, were likewise the most likely to be recalled from EM. 

Loaiza and McCabe (2012) further investigated the tacit prediction that long list 

lengths of simple span may also require covert retrieval because the earliest presented items 

should have been displaced from primary memory by new incoming memoranda within the 

same trial. That is, if long list lengths of simple span (i.e., eight words to recall) also require 

covert retrieval to keep the memoranda active in WM, then they should exhibit a similar 

McCabe effect as the complex span items in EM. Thus, both complex span and long trials of 

simple span should exhibit greater recall than short trials of simple span. However, Loaiza 

and McCabe showed that this was not the case in either delayed free or cued recall: there was 

no McCabe effect for the long list lengths of simple span, even the first four memoranda that 

are presumably displaced from and must be retrieved back into primary memory. This result 

conflicted with the suggestion that long simple span and complex span trials are similar in 
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their requirement of covert retrieval to sustain the activation of the memoranda in WM. 

Instead, the distraction during complex span may serve as a unique opportunity to covertly 

retrieve the memoranda back into conscious awareness, and such opportunities are not 

available during simple span regardless of the list length. Loaiza and McCabe further 

investigated the use of internally-generated and externally-provided temporal-contextual cues 

under the notion that opportunities to covertly retrieve memoranda during complex span 

encourage the binding between the content of the memoranda and its context within the trial. 

Consistent with their predictions, Loaiza and McCabe showed that participants were more 

likely to make use of temporal associations between the memoranda originally studied during 

complex span relative to simple span tasks of any list length. This suggested that covert 

retrieval in WM promotes temporal-contextual processing such that it is particularly 

important to reinforcing content-context bindings that are later accessed during EM. 

We have further investigated the possibility that covert retrieval in WM is particularly 

important for the promotion of content-context bindings that may give rise to conscious 

recollection in EM. Following a block of simple and complex span trials, we administered a 

delayed remember/know recognition test that asked participants to reflect on the subjective 

experience that accompanied any tested items that they detected as old (Loaiza et al., 2015). 

These subjective reports are used to approximate the relative contributions of recollection 

(i.e., retrieval of specific, contextual details of an event) and familiarity (i.e., recognition in 

the absence of specific details) to their memory performance (see Yonelinas, 2002 for a 

review). As is typical in the remember/know paradigm (Gardiner, 1988; Tulving, 1985), 

participants were asked to decide whether they could consciously recollect specific, 

contextual details from when they had studied the word (i.e., remember) or if they “just 

knew” the word was presented in the absence of any specific details (i.e., know). Consistent 

with the notion that covert retrieval facilitates content-context binding in WM, the results 
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indicated that the McCabe effect was evident for remember but not know responses. 

Moreover, just as in the delayed recall tests, remember responses declined as a function of 

serial position for complex span, but serial position had little effect for remember responses 

for simple span and know responses for both trial types. This suggests that the subjective 

experience of conscious recollection in which details from the original event can be retrieved 

and relived may be influenced by the extent to which the information is subject to the brief 

reactivations in WM that covert retrieval affords.  

Although these results collectively suggest that covert retrieval is not only important 

to objective EM performance, but also facilitates the retrieval of subjective details, much 

more work is necessary in order to substantiate this proposal. For example, we have not yet 

inquired about the kinds of subjective details that participants can remember about the 

memoranda. Memory characteristics questionnaires (MCQs; Johnson, Foley, Suengas, & 

Raye, 1988) provide a meaningful method of ascertaining the kinds of characteristics that are 

remembered for different kinds of events. During a typical MCQ, participants rate the quality 

of their memory for different characteristics of recognized information (e.g., auditory or 

perceptual detail, associations, feelings/reactions, etc.). Sometimes in conjunction with or in 

comparison to the remember/know paradigm, MCQs have often been used to dissociate the 

characteristics remembered of veridical and illusory memories (Mather, Henkel, & Johnson, 

1997; Neuschatz, Payne, Lampinen, & Toglia, 2001; Norman & Schacter, 1997). For 

example, participants often report “remembering” semantically related but non-presented 

lures during a remember/know paradigm, sometimes as frequently as the presented 

memoranda (Payne, Elie, Blackwell, & Neuschatz, 1996; Roediger & McDermott, 1995). 

Research with MCQs has elucidated that the underlying characteristics distinguish these true 

and false recollections, such that presented memoranda are more likely to be endorsed with 

regard to their perceptual detail and associated thoughts/feelings than non-presented lures 
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(Mather et al., 1997; Neuschatz et al., 2001; Norman & Schacter, 1997) and imagined events 

(Johnson et al., 1988). Thus, MCQs have helped to inform the theoretical understanding of 

the underlying characteristics of memories of false or imagined events, especially those that 

underlie false recollection.  

Likewise, the use of MCQs to investigate the McCabe effect may also facilitate the 

theoretical understanding of how covert retrieval improves long-term retention, and in 

particular, subjective recollection. That is, the overall greater recollection of memoranda 

studied during complex span versus simple span (Loaiza et al., 2015) may be attributable to 

specific underlying characteristics that are phenomenologically more memorable than others. 

Given our previous work (Loaiza & McCabe, 2012), it may be expected that complex span 

tasks that promote covert retrieval during WM likewise increase the likelihood of recalling 

temporal-contextual details in particular compared to other details, such as semantic or 

phonological information. Moreover, because covert retrieval is thought to occur exclusively 

after the processing phases of the complex span tasks (McCabe, 2008), the opportunity to 

immediately recall the memoranda should not differentially affect the accessibility of these 

details. Such results provide further insight into the importance of covert retrieval in WM for 

the subjective experience of remembering during EM.  

Current Study 

The current study explored whether the aforementioned McCabe effect is also evident 

for the subjective characteristics of memoranda that were once maintained in WM. In 

particular, we examined whether such characteristics are differently emphasized during tasks 

that presumably encourage covert retrieval of memoranda (e.g., complex span tasks like 

operation span) relative to tasks that do not (e.g., simple span tasks of short or long list 

lengths like word span). We tested this by administering a delayed MCQ that inquired about 

the quality of the phonological, semantic, and temporal-contextual characteristics 



COVERT RETRIEVAL  10 
 

remembered for memoranda originally studied during operation span and word span 

(Experiment 1) or short and long trials of word span (Experiment 2). Given our 

aforementioned studies suggesting that covert retrieval promotes content-context bindings 

(Loaiza et al., 2015; Loaiza & McCabe, 2012), we were interested in whether temporal-

contextual characteristics would be particularly sensitive to covert retrieval compared to 

phonological and semantic characteristics. Furthermore, we explored whether the impact of 

immediate recall from WM may moderate this effect by having participants immediately 

recall the memoranda or not for half of the trials in each experiment.  

Consistent with our prior work, we expected that qualitative characteristics of the 

memoranda, especially temporal-contextual characteristics, would be sensitive to tasks that 

require covert retrieval (i.e., operation span) versus tasks that do not (i.e., short or long list 

lengths of word span). This would be evident in an overall increase in the memorability of 

memoranda studied during operation span relative to short and long list lengths of word span, 

particularly for earlier serial positions of the operation span trials. Conversely, the 

memorability of word span memoranda should not vary as a function of serial position 

regardless of the trial length.
2
 Such findings would be consistent with the suggestion that 

covert retrieval facilitates content-context binding in WM, and that these bindings are evident 

not only in objective retrieval but also subjective, phenomenological memorability of the 

memoranda (Loaiza et al., 2015). Furthermore, although there may likely be an overall 

benefit of immediate recall on the characteristics’ memorability, the benefit of operation span 

over word span should be consistent regardless of the original immediate recall condition or 

even having successfully recalled the memoranda in the first place. That is, covert retrieval in 

                                                           
2
 It should be noted that this serial position investigation was considered after the initial 

design of the study, and thus in the interest of transparency we wish to qualify it as 

technically exploratory. However, it is not inconsistent with our prior work wherein we have 

extensively investigated the pattern of performance across serial position as evidence for the 

importance of the original context of the studied memoranda during complex span tasks (e.g., 

Loaiza et al., 2015; Loaiza & McCabe, 2012; McCabe, 2008).  
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WM should improve the subjective characteristics that are remembered even if participants 

were not given the opportunity to recall the memoranda or if they did not successfully recall 

the memoranda (i.e., correcting for initial recall).
3
  

Experiment 1 

Method 

 Participants and Design. Twenty-four participants were recruited from the subject 

pool at Colorado State University in exchange for partial course credit. Participants were 

young adults with normal or corrected-to-normal vision. All participants in both experiments 

gave informed consent and were fully debriefed at the conclusion of the experiment. 

The independent variables of trial type (word span vs. operation span) and immediate 

recall (immediate recall vs. no immediate recall) were manipulated within-subjects. The 

principal dependent variable was the ratings on the delayed MCQ. We also report on 

immediate recall (i.e., serial and free recall scoring). 

Materials and Procedure. The memoranda for both experiments were 144 concrete, 

high frequency nouns (letters: M = 5.22, SD = 1.33, range = 3 – 9; syllables: M = 1.42, SD = 

0.60, range = 1 – 4; log HAL frequency: M = 10.49, SD = 0.82, range = 7.42 – 12.67; Balota 

et al., 2007). The memoranda were randomly arranged and counterbalanced across the trial 

type and immediate recall conditions.  

An initial arithmetic task contained similar single-digit multiplication problems (e.g., 

7 x 4 = 28?) that were to appear during the operation span task. The arithmetic task was given 

to participants in order to familiarize them with the processing component used in the 

operation span task. Participants were instructed to read each problem aloud and verify 

whether the answer given was true or false. The experimenter advanced the screen once the 

                                                           
3
 The correction for initial recall was considered after planning the study given recent 

research encouraging the use of the correction to ensure that any patterns in delayed 

performance are not simply an artifact of differential rates of initial recall across conditions 

(Rose, Buschsbaum, & Craik, 2014). 
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response was given. Numbers 4 – 9 were used in various combinations to compose the 

problems. Afterward, participants also practiced the digit matching task to familiarize 

themselves with another element that was to be included on the operation span and word span 

trials that did not require immediate recall. In this task, participants were presented with two-

digit numbers (e.g., 64, 27, 53) and verified whether both digits were even or not. If both 

digits were even, participants were instructed to respond “yes” aloud. If both digits were odd 

or one was even and the other was odd, participants were instructed to respond “no” aloud.  

Following the practice tasks, participants completed three blocks of word span and 

operation span trials that were each followed by a delayed characteristics questionnaire. Each 

block comprised 12 randomly presented word span and operation span trials (six of each 

type). During the word span trials, four memoranda appeared successively for 1 s each. 

Participants were instructed to read them silently and try to remember them. During the 

operation span trials, the four memoranda were each preceded by an arithmetic problem 

presented for 3.5 s that participants read and solved aloud as previously described. At the end 

of half of the word span and operation span trials, participants were cued to try to 

immediately recall the memoranda in their original order of appearance (i.e., serial recall). 

For the other half of the trials, participants responded “yes” or “no” to five double-digit 

numbers successively presented for 2 s each as they had done earlier during the digit 

matching task. Accordingly, there were three trials of each condition per block.  

At the end of each block, participants engaged in a distracter-filled delay activity for 

approximately 2 min (i.e., questionnaires, crosswords). Afterward, all 48 of the memoranda 

from the previous block were randomly re-presented one at a time during the three-question 

MCQ. Participants were instructed to rate each word with regard to what they could 

remember in terms of its phonological, semantic, and temporal-contextual characteristics 

from when the words had been presented during the original task. Specifically, participants 
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responded regarding each item’s physical characteristics (i.e., “How much can you remember 

about the PHYSICAL CHARACTERISTICS (e.g., what the word sounded like, what the 

word looked like)?”), the meaning of the word (i.e., “How much can you remember about the 

MEANING (e.g., the definition of the word, your emotional reaction to the word, related 

words the word made you think of)?”), and its original place on the list (i.e., “How much can 

you remember about WHERE IT WAS ON THE STUDY LIST (e.g., the word that came 

before or after it, whether it was at the beginning or end of a trial?”). The order of the 

presentation of the questions was random, and participants responded to each question on a 1 

– 9 Likert scale. The full scale was shown on the screen with the question, with the words 

“very little,” “some,” and “very much” presented respectively underneath points 1, 5, and 9 

on the scale.  

Results and Discussion 

 The data and analysis scripts for both experiments are available on the Open Science 

Framework at osf.io/mu6an. The results of both experiments were primarily analyzed with 

Bayesian t-tests (Rouder, Speckman, Sun, Morey, & Iverson, 2009) and Bayesian analysis of 

variance (BANVOA; Rouder, Morey, Speckman, & Province, 2012) with the independent 

variables (i.e., trial type, immediate recall condition) as fixed effects and participant as a 

random effect using the BayesFactor package with its default settings (e.g., the “medium” 

scale factor for the prior) in R (Morey & Rouder, 2015). Bayesian inferential statistics allow 

for 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 trial type, 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).  

 Due to experimenter error, 1.07% of the data for the MCQ test were missing and 

therefore excluded from analysis. We first examined immediate recall performance according 
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to trial type. Although immediate serial recall (ISR) was instructed to the participants, we 

also scored participants’ recall without regard to the original serial order of the memoranda 

(i.e., immediate free recall, IFR) in both experiments. As expected, there was overwhelming 

evidence that participants’ ISR and IFR performance was greater for word span compared to 

operation span trials (see Table 1). This is consistent with a great deal of research indicating 

that complex span tasks like operation span impair immediate recall to a greater degree than 

simple span tasks like word span (e.g., McCabe, 2008; Unsworth & Engle, 2006).  

The principal analyses concerned the ratings given during the MCQ of the originally 

studied memoranda (see Figure 1). The ratings given to the three characteristic types 

(phonological, semantic, and temporal-contextual) were each submitted to a 2 (trial type: 

word span, operation span) x 2 (recall condition: immediate recall, no immediate recall) 

repeated measures BANOVA. The results of the analyses indicated overwhelming evidence 

for main effects of trial type and immediate recall condition for each characteristic relative to 

the null model (see Table 2), such that operation span memoranda were more 

phenomenologically memorable overall than word span memoranda. This finding replicates 

the McCabe effect that has been demonstrated in objective measures of EM (Loaiza et al., 

2015; Loaiza & McCabe, 2012; McCabe, 2008). Furthermore, memoranda that were 

immediately recalled were also rated as more memorable than memoranda that were not 

immediately recalled. Importantly, the main effects models for each characteristic except for 

phonological characteristics were at least substantially preferred to the other models, in 

particular the interaction model. Given this overall main effect of recall condition, we next 

averaged across that factor and used Bayesian estimation software (BEST; Kruschke, 2013) 

to estimate the size of the McCabe effect in order to assess its consistency across 

characteristic type. Although the effect size was numerically largest for temporal-contextual 

characteristics, the McCabe effect was consistent across the characteristics, evident in the 
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overlap of the 95% highest-density intervals (HDI; i.e., the range of credible values of the 

effect size) between the characteristics: phonological d = 0.71 [0.24, 1.17], semantic d = 1.05 

[0.52, 1.57], and temporal-contextual d = 1.22 [0.59, 1.85]. Finally, in order to account for 

the impact of initial recall when immediately recalling the words, we also assessed the ratings 

for each characteristic for only the memoranda that were correctly recalled during the 

immediate recall attempt (see Table 3). Once again, there was overwhelming evidence for a 

benefit of studying memoranda in the context of operation span versus word span trials even 

when correcting for initial recall. The Bayesian estimates of effect size also mirrored the full 

analyses, with a consistent McCabe effect across characteristic type. 

We also considered the MCQ ratings as a function of serial position. To foreshadow, 

as in the overall analyses there was only an overall main effect of recall condition, and thus 

the results represented in Figure 2A are collapsed across recall condition for the sake of 

clarity. The ratings given to the three characteristic types were each submitted to a 2 (trial 

type: word span, operation span) x 2 (recall condition: immediate recall, no immediate recall) 

x 4 (serial position: 1, 2, 3, 4) repeated measures BANOVA. For the sake of brevity, we focus 

only on the best models. For the temporal-contextual characteristics, the best model included 

main effects of all three factors and a trial type x serial position interaction (BF10 = 2.27 x 

10
29

), and this simpler model was anecdotally preferred (BF = 2.33) to the next best model 

that further included an interaction term between recall condition and serial position (BF10 = 

9.75 x 10
28

). For the semantic characteristics, the best model only included main effects of 

the three factors (BF10 = 6.01 x 10
20

), and this simpler model was anecdotally preferred (BF = 

1.37) to the next best model that further included an interaction term between recall condition 

and serial position (BF10 = 4.40 x 10
20

). Finally, for the phonological characteristics, the best 

model included main effects of all three factors and a trial type x serial position interaction 
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(BF10 = 1.50 x 10
13

), and this model was anecdotally preferred (BF = 2.10) to the next best 

but simpler main effects model (BF10 = 7.16 x 10
12

).  

As before, in order to account for the impact of initial recall when immediately 

recalling the words, we also considered these serial position analyses for only the memoranda 

that were correctly recalled during the immediate recall attempt (see Figure 2B). In general, 

these results mirror and amplify the full analyses: once again, the best model for the 

temporal-contextual characteristics was a full model of main effects of and an interaction 

between trial type and serial position (BF10 = 1.89 x 10
16

) that was overwhelmingly preferred 

(BF = 119) to the next best main effects only model (BF10 = 1.59 x 10
14

). This full model was 

also the best for the semantic characteristics (BF10 = 1.32 x 10
9
), but only anecdotally 

preferred (BF = 2.97) to the simpler main effects only model (BF10 = 4.42 x 10
8
). Finally, the 

best model for the phonological characteristics was a main effect of only trial type (BF10 = 

1.42 x 10
5
), and this simpler model was strongly preferred (BF = 14.04) to the next best 

model of main effects of both trial type and serial position (BF10 = 10,146).  

In summary, these results replicate and extend the McCabe effect to include the 

characteristics of the memoranda that are phenomenologically remembered during EM. 

Moreover, the results also replicate the previous findings that immediate recall boosts both 

retrieval and memorability of the memoranda overall but does not moderate the magnitude of 

the McCabe effect (i.e., McCabe, 2008; Experiment 3). Finally, the serial position analyses 

also replicated the finding that items presented at the beginning of the operation span trials 

are not only more likely to be recalled than later serial positions (McCabe, 2008), but are also 

rated as more memorable, particularly in terms of their temporal-contextual characteristics. 

The findings are in line with the suggestion that participants engage in covert retrieval during 

tasks that distract attention from the memoranda (e.g., operation span) relative to tasks in 

which all of the memoranda are presented without distraction (e.g., word span). This covert 
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retrieval has important consequences not only for the ability to retrieve information during 

EM (Loaiza et al., 2015; Loaiza & McCabe, 2012), but also according to the qualitative 

characteristics (i.e., phonological, semantic, and temporal-contextual) about the memoranda 

that participants are able to retrieve.  

In Experiment 2, we explored whether the McCabe effect is specific to tasks that 

involve distraction, like complex span, or if longer trial lengths of simple span tasks may also 

yield a benefit to the subjective memorability of memoranda in EM. We expected to replicate 

our previous findings regarding objective retrieval performance (Loaiza & McCabe, 2012), 

such that long simple span trials (i.e., eight memoranda) should not differ from short simple 

span (i.e., four memoranda), even when examining the first four memoranda of the long trials 

that are presumably displaced from primary memory. Moreover, correcting for the initial 

recall rates of the different list lengths of simple span should not change this pattern of 

results. Finally, analysis of the ratings across serial position should yield relatively flat slopes 

for both short and long trials, thereby providing converging evidence that covert retrieval 

during WM is specifically important to the subjective details remembered during EM. 

Experiment 2 

Method 

 Participants and Design. Thirty-six participants
4
 were recruited from the subject 

pool at Colorado State University in exchange for partial course credit. Participants were 

young adults with normal or corrected-to-normal vision, and none had participated in the 

previous experiment. 

The independent variables of trial type (list length 4 vs. 8 of word span) and 

immediate recall (immediate recall vs. no immediate recall) were manipulated within-

                                                           
4
 Note that the increase in sample size from Experiment 1 is only a consequence of balancing 

the same number of participants across the increased number of counterbalances in 

Experiment 2.  
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subjects. The principal dependent variable was the ratings on the delayed MCQ. We also 

report on immediate recall (i.e., serial and free recall scoring). 

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

Experiment 1. The principal difference was that the participants instead studied the 

memoranda in trials of short or long list lengths of word span. There were four trials of each 

list length per block (three blocks total), with half of each randomly ending with either an 

immediate recall attempt or the digit matching task. As in Experiment 1, participants 

completed a MCQ following a distracter-filled delay at the end of each block wherein they 

reported on the phonological, semantic, and temporal-contextual characteristics they 

remembered on a scale of 1 to 9 for each individual item from the previous block.  

Results and Discussion 

Due to experimenter error, 0.08% of the data for the MCQ test were missing and 

therefore excluded from analysis. With regard to immediate recall performance, there was 

overwhelming evidence that participants were more likely to recall memoranda from shorter 

than longer list lengths of word span (see Table 1). This is consistent with a great deal of 

previous research indicating that increasing the list length reduces immediate recall 

performance (e.g., Ward, Tan, & Grenfell-Essam, 2010).  

As in Experiment 2, the principal analyses concerned participants’ subjective ratings 

to the re-presented memoranda according to their remembered phonological, semantic, and 

temporal-contextual characteristics (see Figure 2). These respective ratings were each 

submitted to a 2 (trial type: 4, 8) x 2 (recall condition: immediate recall, no immediate recall) 

repeated measures BANOVA (see Table 2). As mentioned previously, the first four 

memoranda of list length 8 trials have been presumed to be retrieved from outside of primary 

memory (Unsworth & Engle, 2007b), and thus we also compared recall of the first four 

memoranda of list length 8 trials to the list length 4 trials. We repeated these analyses for 
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memoranda that were initially recalled during the immediate recall attempt in order to ensure 

the results were consistent even when accounting for differences in immediate recall 

performance (see Table 3). Finally, we also considered the MCQ ratings as a function of 

serial position.  

When assessing the ratings given to all of the memoranda, there was overwhelming 

evidence for main effects of immediate recall condition for the semantic and temporal-

contextual characteristics. The phonological characteristics showed strong evidence of both 

main effects of trial type and immediate recall condition. However, this model was not 

strongly preferred to a simpler model positing only a main effect of immediate recall 

condition. Thus, an immediate recall attempt improved the ratings of the characteristics later 

remembered overall (see Figure 3). The BEST estimation of the effect size comparing short 

and long trials collapsing across recall condition was consistent for each characteristic type, 

with each 95% HDI including 0: phonological d = -0.29 [-0.64, 0.06], semantic d = -0.24 [-

0.60, 0.13], temporal-contextual d = -0.09 [-0.45, 0.27]. This pattern of results was similar 

when comparing the ratings given to the first four memoranda of the list length 8 relative to 

list length 4 trials (see Figure 4). The best models for semantic and temporal-contextual 

characteristics showed substantial and overwhelming evidence for a main effect of immediate 

recall condition, respectively. The effect of immediate recall condition was at least 

substantially preferred to the other models. For phonological characteristics, there was very 

little evidence for any model, with BFs in favor of the null ranging from 1.4 to 5 (i.e., 

ambiguous to substantial evidence in favor of null effects). When comparing trial types for 

memoranda that had been initially recalled (see Table 3), there was at least substantial 

evidence for a benefit of list length 8 trials relative to list length 4 trials for semantic and 

temporal-contextual characteristics. If the first four memoranda of list length 8 trials must be 

retrieved from secondary memory, then these effects should be even stronger when 
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comparing the memorability of list length 4 trials relative to the first four memoranda of list 

length 8 trials. Critically, however, there was only ambiguous evidence in favor of greater 

ratings for these memoranda relative to list length 4 trials.  

Finally, we considered the MCQ ratings across serial position, but with particular 

attention to comparing the short trials to the first four memoranda of the long trials for brevity 

and to address the specific theoretical issue regarding whether these particular items may 

follow the same pattern as complex span from Experiment 1. As in Experiment 1, the results 

are represented in Figure 5 collapsed across recall condition due to the lack of or simply an 

overall effect. The ratings given to the three characteristic types were each submitted to a 2 

(trial type: 4, 8) x 2 (recall condition: immediate recall, no immediate recall) x 4 (serial 

position: 1, 2, 3, 4) repeated measures BANOVA (see Figure 2A). For the sake of brevity, we 

focus only on the best models. For the phonological characteristics, the null model was at 

least substantially preferred to the models positing any effect or interaction (BFs01 > 5). For 

the semantic characteristics, the best model included main effects of recall and serial position 

(BF10 = 6.21), but this model was not substantially preferred (BF = 1.83) to a simpler model 

with only a main effect of recall condition (BF10 = 3.39). Finally, for the temporal-contextual 

characteristics, the best model included main effects of recall and serial position (BF10 = 1.76 

x 10
5
), and this model was substantially preferred (BF = 7.51) to the next best model that 

further included an interaction between recall and serial position (BF = 23,467). We also 

observed that correcting for initial recall did not change this pattern of results (see Figure 

2B)
5
: the null effects model was still substantially preferred for phonological characteristics 

(BFs01 > 5), and there was only ambiguous evidence of an effect of trial type for semantic 

(BF10 = 1.01) and temporal-contextual (BF10 = 2.91) characteristics.  

                                                           
5
 Note that this analysis had a reduced number of observations due to lack of initial recall for 

some serial positions during the list length 8 trials, and thus these data were excluded (2.1% 

in total). 
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Overall, these results are consistent with previous research indicating that the McCabe 

effect is specific to tasks that comprise distraction of attention from maintenance of 

memoranda, such as complex span tasks, rather than increased trial lengths of simple span 

tasks (Loaiza & McCabe, 2012). Thus, just as is the case with objective retrieval of 

information, the phenomenological characteristics that are retained in EM are uniquely 

promoted during complex span tasks that require covert retrieval relative to simple span tasks 

of any list length.  

General Discussion 

The present experiments investigated the phenomenological characteristics that are 

accessible in EM as a function of having covertly retrieved the memoranda in WM. 

Importantly, the results suggest a distinction between complex span tasks and simple span 

tasks of any list length: items studied in the context of a complex span task were more 

phenomenologically memorable than those of a simple span task across all three of the 

measured characteristics (i.e., phonological, semantic, and temporal-contextual), whereas no 

such difference occurred between shorter and longer trials of simple span. This suggests a 

unique influence of the use of distraction during complex span to promote not only objective 

performance (Loaiza & McCabe, 2012; McCabe, 2008), but also the subjectively memorable 

characteristics of that retained information in EM. As we have argued previously, we 

attribute this beneficial effect for objective performance and subjective memorial experience 

to participants’ increased opportunity to engage in covert retrieval to retain the memoranda in 

WM, in turn promoting the recollected details of the events in later EM (Loaiza et al., 2015).  

Furthermore, these results were generally consistent across opportunity for immediate 

recall and characteristic type. First, participants’ ratings were sensitive overall to the 

immediate recall condition, indicating that the self-report ratings are reliable insofar as they 

are susceptible to task characteristics in a predictable manner (i.e., an overall advantage of 
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tested over non-tested items; Rowland, 2014). Importantly, however, whether the memoranda 

were immediately recalled or not (i.e., either via the manipulation of immediate recall in the 

experiment or the participants’ actual immediate recall performance) did not change the 

overall pattern of these results. This further corroborates the covert retrieval account of the 

McCabe effect, suggesting that the locus of the benefit is specific to the encoding rather than 

the retrieval phase of complex span tasks. Moreover, while temporal-contextual cues have 

been noted as being particularly relevant to objective retention in EM (Loaiza & McCabe, 

2012), the consistency of the McCabe effect in Experiment 1 across the different 

characteristics (i.e., phonological, semantic, and temporal-contextual) suggests that 

phenomenological experience does not distinguish across these aspects of an event episode. 

Interestingly, the interaction between trial type and serial position that has been observed in 

previous objective performance (Loaiza et al., 2015; McCabe, 2008) was most evident for 

temporal-contextual characteristics and to a much lesser extent or not at all for phonological 

and semantic characteristics. That is, the subjective memorability of the temporal-contextual 

characteristics was the most sensitive to the original serial position during complex span, and 

presumably the relative opportunities to covertly retrieve the memoranda in WM (McCabe, 

2008). These results collectively suggest that multiple retrieved features may contribute to the 

recollective experience that has been associated with the McCabe effect (Loaiza et al., 2015). 

However, the content-context bindings that may be reinforced as a function of covert retrieval 

opportunities may result in subjective memorability that is more sensitive to those temporal 

associations than the other characteristics that accompany recollective experience. Thus, 

consistent with previous studies (Mather et al., 1997; Norman & Schacter, 1997), the novelty 

of these results further extend the utility of MCQs as a method of elucidating the underlying 

characteristics of recollective experience as a function of covert retrieval in WM.  
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It is important to emphasize that the MCQs administered in this study re-presented all 

of the memoranda, with no new stimuli, and thus there was very little retrieval demand on the 

participants compared to a more standard and objective measure of EM, such as recall or 

recognition. Even still, the McCabe effect was evident across characteristics, and its predicted 

sensitivity to the original serial positions for the memorability of the temporal-contextual 

characteristics in particular was even more striking. Thus, the robustness of this effect across 

multiple methods of measuring EM, both objective and subjective, indicates both a 

meaningful finding as well as a testament to the utility of subjective measures as providing 

informative insights for understanding human memory (Gardiner, 1988; Johnson et al., 1988; 

McCabe, Geraci, Boman, Sensenig, & Rhodes, 2011; Tulving, 1985). A great deal of 

research has investigated how self-reports of subjective memorial experience, as in the 

remember/know paradigm, are susceptible to a variety of theoretically meaningful factors, 

such as aging (McCabe, Roediger, McDaniel, & Balota, 2009) and source confusions during 

false recollection (McCabe & Geraci, 2009). Much of this work has helped to clarify that two 

processes of recollection and familiarity underlie episodic memory performance (see 

Yonelinas, 2002, for a review). However, the remember/know paradigm does not often ask 

participants to indicate the details that underlie their subjective experience. MCQs provide a 

meaningful method of isolating the characteristics that contribute to participants’ memory 

performance. For example, research using MCQs has revealed that false recollections and 

imagined events are distinguishable from accurate recollections and real events in terms of 

the characteristics that participants find subjectively memorable (Johnson et al., 1988; Mather 

et al., 1997; Norman & Schacter, 1997).  

Our research regarding the McCabe effect mirrors this literature: although we 

previously have found greater recollective experience for complex span over simple span 

memoranda (Loaiza et al., 2015), the underlying characteristics that contribute to this effect 
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were not known. Such an investigation is theoretically meaningful for understanding whether 

certain characteristics (i.e., temporal-contextual) are especially relevant to the later 

recollection of information that was presumably covertly retrieved in WM. That is, if covert 

retrieval operates on content-context bindings during the interim of the presentation of the 

memoranda and the processing component, then temporal-contextual characteristics may be 

the most sensitive to covert retrieval compared to other characteristics and regardless of the 

opportunity to recall the memoranda. Accordingly, the current study using a MCQ makes a 

novel contribution to the literature by showing that, regardless of the opportunity for 

immediate recall, multiple characteristics (phonological, semantic, and temporal-contextual) 

contribute to the greater long-term retention and recollective experience that covert retrieval 

in WM affords. The study also extends the use of MCQs beyond discriminating real versus 

illusory or imagined events to also informing the characteristics that are recollected during 

EM as a function of covert retrieval in WM. Although phonological and semantic 

characteristics were largely used as a basis of comparison for temporal-contextual 

characteristics in the current study, it would be interesting to examine in future research 

whether the patterns reported here could be dissociated in meaningful ways. For example, an 

emphasis of the temporal-contextual characteristics may shift with variations of the stimuli in 

terms of their physical characteristics (e.g., presenting the words in different styles of font) or 

semantic characteristics (e.g., varying the concreteness or relatedness of the words).  

The results also have implications for the dual-component model of WM (Unsworth 

& Engle, 2007a, 2007b). According to this framework, WM capacity reflects two 

components of active maintenance in primary memory and cue-driven search and retrieval of 

secondary memory. Thus, the model assumes that tasks that similarly tax both components, 

such as complex span tasks and simple span tasks of longer list lengths, are comparable 

measures of WM capacity and predictors of other higher-order cognition, such as fluid 
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intelligence. Indeed, Unsworth and Engle have shown strong overlap between complex span 

and long trials of simple span in terms of the predictive utility of the tasks. Moreover, the 

detrimental effect of increasing list length on recall was largely similar when equating the 

number of items to retrieve from secondary memory between simple and complex span tasks 

(Unsworth & Engle, 2006). Accordingly, if covert retrieval functions by retrieving displaced 

information from secondary memory (McCabe, 2008), then a similar McCabe effect for 

complex span should be demonstrated for long simple span trials that likewise exceed the 

capacity of primary memory and thereby require retrieval from secondary memory. 

Congruent with our previous findings using objective measures of memory performance 

(Loaiza & McCabe, 2012), this was not the case: only the immediate recall condition affected 

ratings overall in Experiment 2, whereas there was no evidence of greater retention of long 

simple span trials compared to short trials, even when considering the first four items that 

were presumably displaced from primary memory. Thus, these results conflict with the notion 

that new incoming information in long simple span trials similarly distracts attention as the 

processing components of complex span trials. 

It is important to note that although Unsworth and Engle (2006) observed that short 

and long list lengths of simple span loaded on distinct factors, long list lengths of simple span 

did not load on the same factor as complex span trials. Furthermore, a significant proportion 

of the variance was unique to long list lengths of simple span and complex span trials, 

suggesting that while both trial types significantly predict fluid intelligence, there is still a 

large degree of variance that is not shared between them. Thus, the two tasks may engage 

different types of processing that are differently important to other higher-order cognition, 

such as fluid intelligence. Consequently, it may not be the case that the tasks share some 

similar features, but differ at least with regard to retrieval of displaced information. For 

example, it may be the case that the shift in mental task set that the processing task 



COVERT RETRIEVAL  26 
 

necessarily engenders during complex span provides a more substantial shift in attention than 

an increased load from the same task set of maintaining memoranda during long trials of 

simple span. This may in turn differently emphasize the opportunity to covertly retrieve the 

previously presented memoranda between the two tasks. Models that assume that WM 

represents the activated content of long-term memory (e.g., Cowan, 1999; Oberauer, 2002) 

may provide a means of understanding how covert retrieval in WM occurs: less activated 

content that was shunted from immediate accessibility due to its irrelevance to the task at 

hand (e.g., solving the processing task) must be retrieved as a single chunk. This may not 

occur to the same degree for simple span trials of longer list lengths as the new incoming 

information represents the consistently relevant task of attempting to maintain and retrieve all 

of the memoranda. Accordingly, the earliest presented memoranda that are presumably 

displaced into secondary memory by new incoming memoranda do not have the same 

opportunity to be covertly retrieved throughout the trial, and their cue-driven search can only 

occur during the immediate recall attempt. This would suggest that the mental task set shifts 

during complex span provide more retrieval practice via covert retrieval overall than long 

simple span trials, thereby yielding differences in the retention and phenomenological 

memorability of the memoranda. More work will be necessary in order to consider these 

possibilities.  

There may be more optimal explanations of these findings than our covert retrieval 

account (Souza & Oberauer, 2017). Although we have addressed alternative explanations in 

prior work, such as the possibility that covert retrieval is simply rehearsal (Loaiza & McCabe, 

2013) or that the McCabe effect reflects a general advantage of spacing and/or temporal 

distinctiveness (Loaiza & McCabe, 2012), more work is necessary to unequivocally reject 

these and other accounts. For example, Souza and Oberauer (2017) recently showed that 

memoranda that were presented in trials with a fixed blank period of equal duration to the 
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distraction of operation span trials were most likely to be recalled after a delay. Thus, rather 

than covert retrieval being the principal underlying source of the McCabe effect, it may be 

the case that complex span affords greater opportunity for elaborative rehearsal or 

consolidation that promotes the long-term retention of these items. However, if elaborative 

rehearsal explained the effect, it would be expected that the memorability of the semantic 

characteristics would yield the greatest McCabe effect, with very little effect for phonological 

characteristics in Experiment 1. This was not the case, thereby casting doubt on the 

elaboration explanation. Rose and colleagues (2014) also showed that an advantage for 

memoranda similar to the McCabe effect did not change as a function of the level of 

processing (i.e., shallow or deep) engaged during encoding. Another possibility is that the 

McCabe effect may reflect increased opportunity for consolidation (e.g., Bayliss, Bogdanovs, 

& Jarrold, 2015) due to the greater time between the presentation of the memoranda during 

complex versus simple span. Contrary to the covert retrieval explanation that all of the 

memoranda are cumulatively covertly retrieved (McCabe, 2008), the consolidation account 

only presumes the last-presented item in WM is consolidated, and thus there should only be 

an overall advantage of complex span items that does not change with serial position. 

However, the pattern of negative recency of complex span exhibited in the current results 

(Figure 2) and in our other studies (e.g., Loaiza & McCabe, 2012; McCabe, 2008) conflicts 

with this account, and instead comports with the covert retrieval account. Thus, while more 

work remains to be done, so far there is less substantial support for these alternative accounts 

in the present study.  

In summary, these results replicate and extend prior work indicating a long-term 

objective (Loaiza & McCabe, 2012, 2013; McCabe, 2008) and subjective (Loaiza et al., 

2015) memorial advantage for information presented in tasks during which attention to 

representations in WM is regularly distracted. The findings are in line with the covert 
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retrieval account suggesting this advantage of complex span over simple span memoranda 

(i.e., the McCabe effect) is due to the increased accessibility of retrieval cues that are 

reinforced via covert retrieval during the encoding phase of a complex span task. This was 

particularly evident in the finding that immediate recall did not moderate the McCabe effect, 

emphasizing it as an encoding-specific effect, and that the earliest serial positions were 

particularly memorable in terms of their temporal-contextual characteristics. Conversely, 

tasks that do not introduce any opportunity to covertly retrieve memoranda in WM (e.g., 

simple span tasks at any list length) do not confer such benefits to either objective 

performance or the details that are phenomenologically available during EM. As such, covert 

retrieval in WM appears to be an important underlying factor that promotes later subjective 

recollective experience in EM.   
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Table 1. Means (and standard deviations) of immediate serial recall (ISR) and immediate free 

recall (IFR) scoring methods in Experiments 1 and 2.  

Experiment Trial Type ISR IFR 

1 Word Span 0.94 (0.07) 0.96 (0.04) 

Operation Span 0.50 (0.15) 0.71 (0.11) 

BF10 2.47 x 10
9
 3.49 x 10

8
 

d 2.84 2.68 

95% HDI [1.69, 4.03] [1.55, 3.98] 

2 Word Span List Length 4 0.94 (0.08) 0.97 (0.04) 

Word Span List Length 8 0.27 (0.14) 0.50 (0.10) 

BF10 1.34 x 10
24

 9.63 x 10
22

 

d 5.28 4.99 

95% HDI [3.87, 6.69] [3.59, 6.51] 

 

Note. Bayes factors (BF10; the relative evidence for the alternative model with a difference 

between trial types over the null model), Bayesian effect size (d), and Highest-Density 

Interval (HDI) of the effect size are displayed. See text for details.   
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Table 2. Results of the BANOVAs for each memory characteristics questionnaire (MCQ) 

ratings and experiment.  

      Fixed Effects Model 

Experiment Characteristic 

Model (M) 

Ratio Trial Type 

Immediate 

Recall 

Condition 

Trial Type + 

Immediate 

Recall 

Condition 

Trial + Recall + 

Trial x Recall 

1 Phonological BF10 3265.2 8.3 1.0 x 10
5
 39,995.6 

Best M/M 30.8 12,077.6 Best 2.5 

Semantic BF10 3.1 x 10
6
 12.7 7.1 x 10

8
 2.0 x 10

8
 

Best M/M 232.1 5.6 x 10
7
 Best 3.5 

Temporal-

Contextual 

BF10 3.5 x 10
7
 64.9 3.7 x 10

11
 1.1 x 10

11
 

  Best M/M 10538.4 5.7 x 10
9
 Best 3.3 

2 (all 

recall) Phonological BF10 1.1 10.1 12.4 4.0 

Best M/M 11.7 1.2 Best 3.1 

Semantic BF10 0.3 274.2 74.6 35.9 

Best M/M 1074.3 Best 3.7 7.6 

Temporal-

Contextual 

BF10 0.2 1,676.8 415.8 100.2 

Best M/M 7,240.3 Best 4.0 16.7 

2 (first 4 of 

list length 

8) 

Phonological BF10 0.4 0.7 0.3 0.2 

Best M/M - - - - 

Semantic BF10 0.2 9.1 1.8 1.8 

Best M/M 46.1 Best 5.0 5.1 

Temporal-

Contextual 
BF10 0.2 110.2 22.7 6.1 

Best M/M 528.9 Best 4.9 18.1 

 

Note. All models include participant as a random effect. The Bayes factor (BF) refers to the 

evidence for the alternative model (BF10) of each effect (shown in different columns) relative 

to the null model (i.e., intercept-only model). The best model is shown in boldface font in the 

first row for each measure, and the second row for each measure compares the best model in 

the numerator to each of the other models in the denominator.   
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Table 3. Means (and standard deviations) of the memory characteristics questionnaire (MCQ) 

ratings correcting for initial recall in Experiments 1 and 2.  

Experiment Trial Type phonological semantic 
temporal-

contextual 

1 Word Span 4.49 (1.57) 4.72 (1.39) 3.69 (0.71) 

Operation Span 5.16 (1.97) 5.64 (1.50) 4.91 (1.15) 

BF10 111.96 2,848.1 188,123.5 

d 0.85 1.14 1.61 

95% HDI [0.36, 1.33] [0.68, 1.69] [0.93, 2.29] 

2 Word Span List Length 4 4.06 (1.63) 4.61 (1.79) 3.52 (1.46) 

Word Span List Length 8 4.20 (1.60) 4.92 (1.81) 3.97 (1.56) 

BF10 0.4 4.3 5.6 

d 0.21 0.45 0.47 

95% HDI [-0.20, 0.61] [0.10, 0.82] [0.11, 0.84] 

 

Word Span List Length 8 

(first 4) 
4.11 (1.64) 4.93 (1.94) 3.91 (1.59) 

BF10 0.2 1.5 1.3 

d 0.04 0.36 0.34 

  95% HDI [-0.32, 0.38] [-0.01, 0.71] [-0.03, 0.70] 

 

 

Note. Bayes factors (BF10; the relative evidence for the alternative model with a difference 

between trial types over the null model), Bayesian effect size (d), and Highest-Density 

Interval (HDI) of the effect size are displayed. See text for details.  
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Figure 1. Mean ratings on the delayed memory characteristics memoranda originally studied 

during complex span and simple span in Experiment 1. Error bars reflect 95% within-subjects 

confidence intervals (Cousineau, 2005; Morey, 2008). 
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Figure 2. Mean ratings on the delayed memory characteristics (A) and corrected for initial 

immediate recall (B) of memoranda originally studied during complex span and simple span 

as a function of serial position in Experiment 1. Error bars reflect 95% within-subjects 

confidence intervals (Cousineau, 2005; Morey, 2008). 
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Figure 3. Mean ratings on the delayed memory characteristics questionnaire (MCQ) as a 

function of recall condition, trial type, and characteristic of memoranda originally studied 

during list length 4 and 8 trials. Error bars reflect 95% within-subjects confidence intervals 

(Cousineau, 2005; Morey, 2008). 
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Figure 4. Mean ratings on the delayed memory characteristics questionnaire (MCQ) as a 

function of recall condition, trial type, and characteristic from list length 4 and the first four 

memoranda of list length 8. Error bars reflect 95% within-subjects confidence intervals 

(Cousineau, 2005; Morey, 2008). 
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Figure 5. Mean ratings on the delayed memory characteristics (A) and corrected for initial 

immediate recall (B) of memoranda originally studied during list length 4 and the first four 

memoranda of list length 8 as a function of serial position in Experiment 2. Error bars reflect 

95% within-subjects confidence intervals (Cousineau, 2005; Morey, 2008). 

  


