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Abstract

Processing that occurs while information is held in working memory is critical in long-term retention of that information. One
counterintuitive finding is that the concurrent processing required during complex span tasks typically impairs immediate
memory, while also leading to improved delayed memory. One proposed mechanism for this effect is retrieval practice that
occurs each time memory items are displaced to allow for concurrent processing during complex span tasks. Other research
has instead suggested that increased free time during complex span procedures underlies this effect. In the present study,
we presented participants with memory items in simple, complex, and slow span tasks and compared their performance on
immediate and delayed memory tests. We found that how much a participant engaged with the secondary task of the com-
plex span task corresponded with how strongly they exhibited a complex span boost on delayed memory performance. We
also probed what participants were thinking about during the task, and found that participants’ focus varied depending both
on task type and secondary task engagement. The results support repeated retrieval as a key mechanism in the relationship
between working memory processing and long-term retention. Further, the present study highlights the importance of varia-
tion in individual cognitive processing in predicting long-term outcomes even when objective conditions remain unchanged.
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Introduction

People are often able to create memories that are useful in
the moment, yet still able to be retrieved after considerable
delay. The working memory system is key in creating and
maintaining memories to be used in ongoing cognition,
but the importance of this initial processing in the creation
of lasting long-term memory and the mechanisms to sup-
port this relationship remain debated. While early models
conceptualized a working memory system distinct from
long-term memory (Atkinson & Shiffrin, 1968; Baddeley
& Hitch, 1974), later models viewed working memory as
being much more intertwined with the long-term memory

< Kelly Cotton
kcotton@gradcenter.cuny.edu

Department of Psychology, The Graduate Center, City
University of New York, 365 5th Ave, New York, NY 10016,
USA

Department of Psychology, Montclair State University,
Montclair, NJ, USA

Department of Psychology, University of South Dakota,
Vermillion, SD, USA

Published online: 08 August 2023

system (Cowan, 1988; Oberauer, 2002; but see Norris, 2017,
2019). The present study aimed to investigate the mecha-
nisms that support a working memory processing benefit
on long-term memory to better understand the relationship
between these systems.

Processing that occurs while information is held in work-
ing memory improves long-term retention of this informa-
tion (Cotton & Ricker, 2021; Hartshorne & Makovski, 2019;
Jarjat et al., 2018; McCabe, 2008; Sandry et al., 2020; Souza
& Oberauer, 2017). Memory span tasks have been frequently
used to explore this relationship. In a typical simple span
task, a series of memory items are presented sequentially
before participants are asked to recall each memory item. In
a complex span task, the memory items are interspersed with
a secondary processing task, such as an arithmetic prob-
lem (Conway et al., 2005; Daneman & Carpenter, 1980;
Turner & Engle, 1989). Previous research has found that
while immediate recall is better in simple span compared
to complex span tasks, the reverse is true for delayed-recall
tests (Loaiza & McCabe, 2012, 2013; McCabe, 2008). In a
series of experiments, McCabe (2008) tested participants’
immediate and delayed recall for words presented in sim-
ple and complex span tasks. As expected, immediate-recall
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performance was significantly worse on complex span tri-
als compared to simple span trials. However, after a delay,
participants were more likely to recall the words that had
originally been presented during the complex span trials.
Similar results were found regardless of whether the partici-
pants expected the delayed test or the presence of an imme-
diate test. This pattern of results, now termed the McCabe
effect, has been extended to delayed recognition (Loaiza
et al., 2015).

The mechanism initially proposed to underlie the McCabe
effect was covert retrieval, or the process of retrieving a
recently displaced item and reactivating it in the focus of
attention (McCabe, 2008). In simple span tasks, the memory
items are not displaced from the focus of attention and so do
not need to be covertly retrieved. However, in complex span
tasks, the secondary processing task diverts attention away
from the memory item and so the item must be retrieved from
long-term memory after completing the processing task. This
repeated retrieval enhances long-term activation of the items,
making them easier to recall after a delay compared to items
that were retrieved less often. However, Souza and Oberauer
(2017) questioned the exact role of the intervening task in
the McCabe effect. The authors conducted a similar series
of experiments but included a slow span task, during which
memory items are presented at a pace similar to complex span
but without the intervening secondary task. They failed to
replicate the McCabe effect, instead showing that the slow
span task consistently resulted in better delayed recall com-
pared to the other span tasks. The authors suggested that the
extended free time available after memory item presentation
during complex or slow span tasks allow for processes other
than repeated retrieval to benefit long-term retention, such as
consolidation (Cotton & Ricker, 2021; Ricker, 2015) or elabo-
ration (Bartsch et al., 2018, 2019; Loaiza & Lavilla, 2021).

While the role of the intervening task during complex
span tasks and thus the mechanism supporting a long-term
benefit of working memory processing remains debated,
there has been little work examining how participants engage
with the secondary task. Previous studies have reported
extremely high accuracy on the secondary task overall or
have excluded participants who performed poorly, limiting
the variability in participants. Given the extensive research
demonstrating individual differences in working memory
performance (Daneman & Carpenter, 1980; Unsworth &
Engle, 2007), it may be informative to consider a wider dis-
tribution of participant performance to better understand the
range in human memory ability. It is unlikely that individu-
als always engage fully with both tasks during real-life dual-
tasking situations. Understanding cognitive performance
across a wider range of ability and engagement will also help
us better understand day-to-day cognitive performance in the
general population. The present study includes data from a
large online sample to explore mechanisms supporting the

@ Springer

effect of working memory processing on long-term memory
across a greater range of task performance.

One explanation for variability in participant performance
during a complex span task may be that participants have dif-
ferent task goals and focus their attention on different aspects
of the task. If a participant prioritizes the primary memory
task, they may sacrifice their performance on the secondary
processing task to achieve their goal. This participant may
not engage with the secondary task fully or at all, resulting in
poor secondary task performance but good immediate mem-
ory performance. However, given the mechanisms outlined
previously to explain the McCabe effect, it is unclear how this
participant would perform on a delayed memory test. In two
earlier experiments, we found that participants varied in their
engagement with the secondary task during complex work-
ing memory tasks in an online setting (Cotton et al., 2023).
Given the results of the earlier experiments, we designed the
present study to leverage this variability in task engagement
in an online setting to better understand the boundaries of
long-term memory and, specifically, the McCabe effect.

Engagement with the secondary task should produce
one of two potential outcomes in the present study. The
first potential outcome is that only participants who engage
with the secondary task during a complex span task show
evidence of a McCabe effect. If the McCabe effect occurs
because displaced items must be retrieved back into working
memory or the focus of attention, then this pattern would be
expected. Participants who either opt not to or are unable to
engage with the secondary task should show no difference
in delayed performance across different span tasks because
they do not need to retrieve displaced memory items back
into the focus of attention. This would provide supporting
evidence that retrieval practice underlies the McCabe effect.
Second, we may find that engaging or not engaging with a
secondary task has no relationship with long-term reten-
tion. That is, even participants who are not fully engaged
with the secondary task and perform poorly on it still exhibit
evidence of the McCabe effect. This would suggest that the
extended free time associated with complex span tasks rela-
tive to simple span tasks drives the long-term memory boost.

Methods
Study population and sample size determination

We aimed to collect usable data from approximately 250
participants. Once we reached this threshold, we conducted
preliminary Bayes factor analyses. If the resulting Bayes fac-
tors were ambiguous (< 3), we planned to collect data from
50 additional participants and re-run the analyses, repeating
this procedure until we had substantial Bayes factors. A total
of 260 students (78% female, mean age = 19.3 years) who
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were enrolled in an introductory psychology course partici-
pated online in exchange for course credit if they completed
the study procedures fully. This experiment was approved by
the Institutional Review Boards at the University of South
Dakota and Montclair State University.

Materials

The word stimuli consisted of 687 nouns taken from the MRC
Psycholinguistic Database (Coltheart, 1981). The words com-
prised four to six letters and one to two syllables, and had
concreteness and familiarity ratings of 450-700. For each
participant, the list of words was shuffled in a random order.
In the first trial of the practice phase, the first four words were
selected from the randomly shuffled list to be presented during
that trial. The next trial then used the next four words in the
list, and so on, until all practice trials were completed. This
continued for the trials of the immediate-recall phase. Sub-
jective experience of everyday mind-wandering was assessed
with the Mindfulness Attention Awareness Scale (MAAS;
Brown & Ryan, 2003). The experiment was created using
PsychoPy software (Peirce et al., 2019).

Design

The experiment was divided into three phases, the immedi-
ate-recall phase, the distraction phase, and the delayed-recall
phase. At the end of the experiment participants completed
the MAAS scale questionnaire.! In the immediate-recall
phase, participants completed three tasks, simple span, com-
plex span, and slow span. In this phase, memory was assessed
on each trial with immediate recall. In the delayed-recognition
phase participants were tested on their recognition of words
presented during the immediate phase. Details on the proce-
dures for each task and scoring methods are included below.

During the experimental trials of the immediate-recall phase,
there were six blocks of seven trials each. Each block consisted
of only one type of trial (simple, complex, or slow span) and
each block type was presented twice for a total of 14 trials per
task. The blocks were randomly ordered. During the delayed
phase, participants completed 168 trials of delayed recognition.

Procedure
Immediate-recall phase
At the beginning of the immediate-recall phase of the exper-

iment, participants first completed a short practice session.
During the practice session, they completed one trial of the

! We do not report the results from the MAAS questionnaire as an
error in data collection led to the loss of this data in roughly half of
the participants.

simple span task and one trial of the slow span task and four
trials of the secondary parity judgment task separately and
then two trials of the complex span task.? Prior to begin-
ning the experimental trials, participants saw the following
instructions: “Everything will be the same as in the practice.
On some trials, you will just see the words and on other
trials you will see the words and the numbers. Remember,
both tasks are important! Please try to respond as quickly
and accurately as possible.” An example of a single trial for
each span task is presented in Fig. 1.

Simple span task At the beginning of each trial, a fixation
cross appeared for 500 ms. Participants then saw four words
presented sequentially. Each word was on screen for 900
ms, with a 100-ms inter-stimulus interval. After presenta-
tion of all four words, participants were asked to recall the
words in the order they had been presented by typing each
word. If they did not remember a word, they were instructed
to simply press the return key. After completing the recall,
participants were asked to report what they were thinking
about during the preceding trial. Participants were given
five categorical options: (1) the word task, (2) the number
task, (3) both tasks, (4) task experience/performance, and (5)
something else. Participants indicated via button press which
categorical response best fits what they were thinking about.
After responding to the thought probe, a new trial began.

Complex span task The procedure for the complex span task
was the same as the simple span task except in the complex
span task, participants completed the secondary task after
each individual memory item. During the secondary task, a
single digit was presented for 1,650 ms and participants indi-
cated by button press if the number was odd or even. After
a 100-ms interstimulus interval this procedure was repeated
for a second digit resulting in a total secondary task length
of 3,500 ms between each memory item. As in the simple
span task, participants were asked to report what they were
just thinking about. After responding to the thought probe,
a new trial began.

Slow span task The procedure for the slow span task was the
same as the simple span task except in the slow span task,
there was a 3,500-ms delay with a blank screen between each
individual memory item. This was the same amount of time
between items as in the complex span task, except that in the
slow span task there was no secondary task. As in the simple

2 Participants saw the following instructions before beginning the
complex span practice: ““...On each trial, you will see a word, fol-
lowed by two numbers. Again, you will decide if each number is even
or odd. This will repeat four times. After you have seen all of the
words, you will be asked to recall as many words as you can remem-
ber in the order they were originally presented in...”
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Fig. 1 The procedure for a typical trial during each span task. (a) A single trial of the simple span task. (b) A single trial of the complex span

task. (¢) A single trial of the slow span task

span task, participants were asked to report what they were
just thinking about. After responding to the thought probe,
a new trial began.

Distractor phase

The distractor task consisted of approximately 5 min of a go/
no-go task. A nonverbal task was chosen to reduce poten-
tial interference from the use of verbal material before the
delayed recognition test. During this task, participants were
instructed that if they saw a green circle on the screen, they
should press the space bar, and if they saw a blue circle,
they should not press any key. Each circle was presented
for 2,000 ms, or until the participant pressed the space bar.
Participants completed three blocks of 150 trials, for a total
of 450 trials, of which 10% were no-go trials.

Delayed-recognition phase

Each trial began with a fixation cross for 500 ms. Participant
then saw two words presented on the screen: a target word taken
from the earlier immediate-recall task and a novel word. Par-
ticipants indicated via button press which word they believed
they had previously seen. All words from the immediate-recall
phase were presented in random order during a single block.

Data analysis

For our statistical analyses, we used Bayes factors for t-tests
(Rouder et al., 2009) and analysis of variance (ANOVA)
effects (Rouder et al., 2012) as our measure of inference
using R statistical computing software (R Core Team, 2019).
Bayes factors indicate the probability of the data assum-
ing an effect of the manipulation relative to the probability
of the data assuming no effect. To compute Bayes factors,
we used the BayesFactor package v0.9.12-4.3 (Morey &
Rouder, 2018), with the default settings of the package with
an effect size standard deviation of (\/ 2)/2.
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Participant responses on the immediate-recall test were
manually cleaned for typos and misspellings. If a response
was one letter different from the correct answer (e.g., “srive”
in place of “drive”), contained a letter swap (e.g., “peice” in
place of “piece”), or was a pluralization (e.g., “women” in
place of “woman”), it was counted as correct, unless the mis-
spelling was a real word (e.g., “soup” in place of “soap”). We
scored the immediate-recall tasks using both serial recall and
free recall criteria. For serial recall accuracy, a response was
marked as correct if it was recalled in the correct serial posi-
tion. For free recall accuracy, a response was marked as correct
if it was recalled during the trial, regardless of serial position.

One participant pressed an invalid key (“6”) in response
to the mind-wandering probe for two trials and we coded
these responses as thinking about “something else.” Data
and analyses scripts are openly available at the project’s
Open Science Framework page (https://osf.io/e3fqu/).

Results

In this section we identify whether statistical analyses were
planned a priori or as post hoc analyses by labeling the sub-
heading as either “(Planned)” or “(Exploratory).” As men-
tioned in the above sections, most of our analyses were planned
based on previous findings reported in Cotton et al. (2023).

Memory task performance
Immediate serial recall accuracy by span task (planned)

Overall, participant performance on the immediate serial
recall test was high (M = .79, SD = .18). Serial recall was
highest in the slow span task (M = .82, SD = .20), followed by
the simple span (M = .80, SD = .17). Performance was worst
in the complex span task (M = .74, SD = .22). These results
are depicted in Fig. 2a. A Bayesian one-way ANOVA found
evidence for a difference in serial recall accuracy between


https://osf.io/e3fqu/

Memory & Cognition

block conditions, F(2,776) = 10.2, BF = 95 in favor of an
effect of span task. Follow-up t-tests indicated that perfor-
mance was different between simple and complex span (BF
= 15 in favor of an effect of span task), and slow and complex
span (BF = 211 in favor of an effect of span task), but not
simple and slow span (BF = 6.1 in favor of a null effect).

Immediate free recall accuracy by span task (planned)

Immediate free recall was also high overall (M = .85, SD =
.13). Free recall was again highest in the slow span task (M
.88, SD = .15) followed by the simple span (M = .86, SD
=.13), and worst in the complex span task (M = .82, SD =
.17). These results are depicted in Fig. 2b. A Bayesian one-
way ANOVA found evidence for a difference in serial recall
accuracy between block conditions, F(2,776) = 10.3, BF =
127 in favor of an effect of span task. Follow-up t-tests indi-
cated a similar pattern of results as serial recall: performance
was different between simple and complex span (BF = 18 in
favor of an effect of span task) and slow and complex span
(BF =221 in favor of an effect of span task), but not simple
and slow span (BF = 6.2 in favor of a null effect).

Delayed recognition accuracy by original span task
(planned)

Across all participants, performance on the delayed-recog-
nition task was high (M = .73, SD = .14). Accuracy was
similar across all span tasks, though it was slightly higher

for words originally presented during the slow span task (M
= .74, SD = .15), followed by the complex span task (M =
.73, SD = .15), and lowest for the simple span task (M = .71,
SD = .14). These results are depicted in Fig. 2c. A Bayesian
one-way ANOVA failed to find evidence for a difference
in recognition accuracy between originally presented span
tasks, F(2, 776) = 2.48, BF = 12 in favor of a null effect.

Distractor task performance (planned)
Performance on the distractor task was high (M = .96, SD =.07).
Secondary task performance (planned)

Based on the results from earlier experiments (Cotton
et al., 2023), we analyzed performance on the secondary
task as a measure of participant engagement with the task.
Overall, performance on the secondary parity judgement
task during the immediate-recall task was low (M = .58,
SD = .40). However, individual participant performance
varied considerably. Of the total 260 participants, 129
performed relatively poorly (< 80% accuracy), with 62
participants failing to respond to any secondary task item.

We divided participants into “high” (> 80% accuracy,
n=131), “low” (£ 80% accuracy, n = 67), or “zero” (0%
accuracy, n = 62) secondary task performers. Immediate
serial and free recall and delayed recognition performance
across the three span tasks and secondary task perfor-
mance groups is presented in Fig. 3. High secondary task
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performers displayed the typical McCabe effect pattern:
better immediate memory in simple span (serial recall: M
= .87, 8D = .11; free recall: M = .91, SD = .07) compared
to the complex span (serial recall: M = .82, SD = .16; free
recall: M = .87, SD = .13), and better delayed memory in
complex span (M = .78, SD = .13) compared to simple
span (M = .75, SD = .13). Bayesian t-tests found evidence
for a difference in both immediate serial recall, #(130) =
4.3, BF = 500 in favor of an effect, and free recall, #(130)
= 3.7, BF = 55 in favor of an effect, as well as delayed
recognition, #(130) = -3.3, BF = 18 in favor of an effect.

In contrast, those participants who failed to engage with
the secondary task at all (the “zero” group) showed no evi-
dence of the McCabe effect. Immediate memory perfor-
mance was similar in both the simple span (serial recall M
= .69, SD = .23; free recall M = .78, SD = .18) and the
complex span (serial recall: M = .67, SD = .25; free recall:
M = .76, SD = .21) tasks. Bayesian t-tests failed to find evi-
dence for a difference in either immediate serial recall, #(61)
= .87, BF = 5.0 in favor of a null effect, or free recall, #(61)
= 1.2, BF = 3.7 in favor of a null effect. Delayed memory
performance was also similar in both the simple span (M =
.69, SD = .15) and the complex span (M = .69, SD = .17)
tasks, #(61) = -.07, BF = 7.2 in favor of a null effect.

The middle group, those who were somewhat engaged but
still exhibited poor performance on the secondary task, showed
mixed evidence of the McCabe effect. Immediate memory per-
formance was better in the simple span (serial recall M = .76,
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SD = .16; free recall M = .84, SD = .11) compared to the com-
plex span (serial recall M = .66, SD = .23; free recall: M = .77,
SD = .16) task. Bayesian t-tests found evidence for a difference
in both immediate serial recall, #(66) = 5.04, BF = 4314 in favor
of an effect, and free recall, #(66) = 5.2, BF = 6668 in favor of
an effect. However, we found only ambiguous evidence that
delayed memory performance was higher in the complex span
(M = .69, SD = .13) compared to the simple span (M = .67, SD
=.13) task, #(66) = -2.3, BF = 1.6 in favor of an effect.

Thought probe response
Overall reported thought (planned)

Table 1 presents the percentage of responses to the thought
probe by presentation span task. Notably, most participants
reported thinking about “the word task” most of the time in
the simple (75.1% of all responses) and slow span (69.8%)
tasks. Participants reported similar levels of thinking about
“the word task” (35.5%) or “both tasks” (34.7%) in the com-
plex span task. Participants reported not thinking directly
about either task (i.e., “task experience/performance” or
“something else”) most often in the slow span task (24.1%).

The results below describe in detail the variation across
both secondary task performance group and span task, both
in what participants report thinking about and how it affects
their performance on the memory tasks. In summary, simple
and slow span tasks show similar patterns of responses to
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Table 1 Responses to thought probe across all trials by span task

Thought probe Simple span Complex span Slow span
% % %
“The word task” 75.1 355 69.8
“The number task” 2.30 7.10 1.90
“Both tasks” 4.20 34.7 4.20
“Task experience/ 7.60 9.60 8.70
performance”
“Something else” 10.8 13.0 15.4

the thought probe, regardless of secondary task performance,
while the complex span task varies considerably more. Fur-
ther, we found that thinking about the primary word task led
to the best immediate-recall performance, while thinking
about the secondary task led to lower performance. Finally,
thinking about neither (i.e., “task experience” or “something
else”) resulted in the lowest performance across all span tasks.

Thought probe response across secondary task
performance groups (planned)

Responses to the thought probe varied across secondary task
performance groups and span tasks. These results are plotted
in Fig. 4. Notably, the simple span (Fig. 4a)and slow span
(Fig. 4c)tasks show a similar pattern of results in all three
secondary task performance groups. In these span tasks,
only thinking about “the word task™ can be considered “on-
task” thought, as there was no secondary task. Participants in
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all three secondary task performance groups reported think-
ing about “the word task” most often in the simple span
trials (High M = 78.1, SD = 23.9; Low M = 76.8, SD =
22.7; Zero M = 66.9, SD = 32.2) and slow span trials (High
M =739,SD =24.5; Low M = 69.4, SD = 28.8; Zero M
= 61.5, SD = 32.6). To compare the proportion of trials in
which participants selected “the word task’ across the three
secondary task performance groups for simple and slow span
trials, we conducted a Bayesian two-way ANOVA. We found
evidence of a main effect of secondary task performance
group, BF = 28 in favor of an effect, but no main effect of
span task, BF = 1.2 in favor of a null effect. There was no
evidence to support an interaction effect, BF = 44 in favor
of a null effect.

In contrast, the complex span trials showed more vari-
ability, which is expected as there are multiple ways to define
“on-task” thought in this span task. We expected that par-
ticipant engagement with the secondary task should drive
how often they report thinking about each “on-task” thought
probe. A participant who was fully engaged with all compo-
nents of the task would report thinking about “both tasks”
most often. Participants who performed very well on the
secondary task performance reported thinking about “both
tasks” (M = 45.1, SD = 30.1) most often, while those par-
ticipants who failed to engage with the secondary task at all
reported thinking about “both tasks” (M = 16.9, SD = 21.6)
much less often. Participants who somewhat engaged with
but performed poorly on the secondary task were in the mid-
dle (M = 30.7, SD = 23.8). A Bayesian one-way ANOVA
found evidence of an effect of secondary task performance
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Fig.4 Responses to thought probe by secondary task condition block. Error bars represent standard error of the mean

@ Springer



Memory & Cognition

group on proportion of “both task” complex span trials, BF
= 5.0 x 107 in favor of an effect.

Another way to be considered “on-task” would be think-
ing about either “the word task™ or “the number task,” which
should also differ depending on secondary task engagement.
Participants who were not engaged with the secondary task
at all reported thinking about “the word task” most often
(M =51.2,SD = 33.1), followed by the somewhat engaged
(M = 36.3, SD = 28.6), and finally the high secondary task
performers (M = 27.7, SD = 29.3). A Bayesian one-way
ANOVA found evidence of an effect of secondary task
performance group on proportion of “the word task” com-
plex span trials, BF = 2593 in favor of an effect. Thinking
about “the number task” was overall very low across all
groups (High M = 6.15, SD =124 ; Low M = 10.7, SD =
15.3; Zero M = 5.41, SD = 9.74), and a Bayesian one-way
ANOVA found only ambiguous evidence against an effect
of secondary task performance group on proportion of “the
number task” complex span trials, BF = 1.6 in favor of a
null effect.

What is more typically considered “off-task” thoughts
are the “task experience/performance” and “something
else” responses. Thinking about the “task experience/per-
formance” was similar between the high (simple M = 8.12,
SD = 16.3; complex M = 9.60, SD = 15.0; slow M = 7.09,
SD = 13.2), low (simple M = 5.54, SD = 10.2; complex M
= 8.41, SD = 12.4; slow M = 8.10, SD = 13.1), and zero
secondary task performance groups (simple M = 8.87, SD
= 15.2; complex M = 10.9, SD = 15.7; slow M = 12.7, SD
= 18.0). To compare the proportion of trials in which par-
ticipants selected “task experience/performance” across the
three secondary task performance groups and span tasks, we
conducted a Bayesian two-way ANOVA. We found no evi-
dence of main effects of either secondary task performance
group, BF = 5.9 in favor of a null effect, or span task, BF =
10 in favor of a null effect, or an interaction effect, BF = 685
in favor of a null effect.

The final probe may be considered the most “off-task”
thought and may be influenced by participant engage-
ment or span task. However, we found that thinking about
“something else” was similar between the high (simple M
=9.27, SD = 14.2; complex M = 11.3, SD = 15.4; slow
M =14.6,SD =17.4), low (simple M = 10.3, SD = 14.2;
complex M = 14.0, SD = 18.5; slow M = 15.1, SD =
18.2), and zero secondary task performance groups (sim-
ple M = 14.4, SD = 22.3; complex M = 15.5, SD = 19.7;
slow M = 17.5, SD = 22.2). A Bayesian two-way ANOVA
found evidence for a main effect of span task, BF = 6.0
in favor of an effect, but no main effect of secondary task
performance group, BF = 9.0 in favor of a null effect, or
an interaction effect, BF = 377 in favor of a null effect.
However, this type of off-task thinking was generally low
in the present study.
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Immediate recall accuracy and reported thought
(exploratory)

On trials in which participants reported only thinking about
“the word task,” serial recall performance was high across
all block conditions (simple: M = .84, SD = .16; complex:
M = .84, SD = .20; slow: M = .86, SD = .16), BF = 32
in favor of a null effect. Free recall performance was also
generally high for these trials (simple: M = .89, SD = .10;
complex: M = .89, SD = .15; slow: M = .91, SD = .11), BF
= 14 in favor of a null effect. For complex span trials, serial
recall performance was lower when participants reported
thinking about “both tasks” (M = .74, SD = .26) compared
to “the word task,” BF = 569 in favor of an effect, and even
worse when they reported thinking about “the number task”
(M= .61, SD = .36) compared to “the word task,” BF
= 3.3 x 10° in favor of an effect, though this was a much
smaller percentage of trials. A similar pattern was found in
free recall (“both tasks” M = .83, SD = .19, BF = 133 in
favor of an effect; “the number task” M = .72, SD = .29, BF
= 3.4 x 10% in favor of an effect).

When participants engaged in conventional “off-task”
thought, performance dropped similarly across all span
tasks. Serial recall performance, when participants reported
thinking about “task experience/performance,” was similar
across block conditions (simple: M = .72, SD = .27; com-
plex: M = .72, SD = .31; slow: M = .74, SD = .29), BF =
47 in favor of a null effect, as was free recall performance
(simple: M = .79, SD = .22; complex: M = .80, SD = .23;
slow: M = .81, SD = .22), BF = 51 in favor of a null effect.
Performance was similarly low in all block conditions for the
trials in which participants reported thinking about “some-
thing else” in both serial recall (simple: M = .57, SD = .30;
complex: M = .53, SD = .32; slow: M = .63, SD = .32), BF
= 1.2 in favor of a null effect, and free recall (simple: M =
.70, SD = .24; complex: M = .65, SD = .28; slow: M = .74,
SD = .25), BF = 1.6 in favor of an effect. Across all block
conditions, performance was considerably lower when par-
ticipants reported thinking about “something else” compared
to any other option in both serial recall, BF = 1.7 x 10% in
favor of an effect, and free recall, BF = 2.37 x 10%! in favor
of an effect. These results are depicted in Fig. 5a for serial
recall and Fig. 5b for free recall.

Delayed recognition accuracy and reported thought
(exploratory)

In contrast to immediate-recall performance, delayed rec-
ognition performance was generally less affected by what
the participant reported thinking about during initial learn-
ing. For words that were originally presented during trials in
which participants reported only thinking about “the word
task,” delayed recognition performance was similarly high
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across all block conditions (simple: M = .72, SD = .14; com-
plex: M =.73, SD = .18; slow: M = .75, SD = .16), BF =15
in favor of a null effect. For words originally presented in
complex span trials, delayed recognition performance was
similar when participants reported thinking about “the word
task” and “both tasks” (M = .73, SD = .18), BF =9.2 in
favor of a null effect, and similar when they reported think-
ing about “the number task” (M = .68 , SD = .21) compared
to “the word task,” BF = 1.1 in favor of an effect. Perfor-
mance for “task experience/performance” trials was similar
across all block conditions (simple: M = .71, SD = .21; com-
plex: M = .74, SD = 21; slow: M = .75, SD = .19), BF =24
in favor of a null effect. Delayed recognition performance
was similarly low for words originally presented in the trials
in which participants reported thinking about “something
else” compared to any other option, BF = 3.4 in favor of a
null effect, and was similar across block conditions (simple:
M = .70, SD = .21; complex: M = .70, SD = .22; slow: M
= .72, SD = .19), BF = 40 in favor of a null effect. These
results are depicted in Fig. 5c.

Discussion

The goal of the present study was to determine how engage-
ment with the secondary processing task during complex
span tasks modulates the McCabe effect in a large online
sample. Our initial analyses found that while immediate-
recall performance was better in simple span compared to
complex span tasks, there was no evidence for the typical

reversal in delayed memory performance. However, follow-
up analyses indicated that not all participants engaged with
the task in the same way. While many participants performed
well on the secondary task, an equal number of participants
performed poorly on the task and a considerable number
failed to engage with the secondary task at all. By exam-
ining performance for these three groups of participants
separately, we replicated the McCabe effect only in those
participants who fully engaged with the secondary task.
Performance in the other groups either showed ambiguous
evidence supporting or strong evidence against any McCabe
effect. These results underscore the importance of engaging
with the secondary task to receive the McCabe effect per-
formance boost in long-term retention.

Previous research has not explored the relationship
between secondary task engagement or performance and
successful observation of the McCabe effect. However, this
is complicated by a lack of reporting of secondary perfor-
mance or any exclusion criteria in many studies (e.g., Jarjat
et al., 2018; Loaiza et al., 2015; Loaiza & McCabe, 2012,
2013; McCabe, 2008). When secondary task performance
is reported, it is typically quite high (> 80% accuracy) or
the researchers required participants to maintain high sec-
ondary task performance to continue (Camos & Portrat,
2015; Loaiza et al., 2021; Loaiza & Halse, 2018). In one
study, which reported finding a McCabe effect, five par-
ticipants were excluded based on a 60% accuracy thresh-
old (Rose et al., 2014). In contrast, Souza and Oberauer
(2017) reported typically high secondary task performance
(> 80%) and excluded participants for poor performance on
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the secondary task (though the exact criteria are not consist-
ently reported), but found no evidence of the McCabe effect
in several experiments. However, using similar criteria,
Souza and Oberauer (2017) did find evidence of a McCabe
effect in other experiments. Still, it is unclear exactly why
the participants in the present study performed much more
poorly than previous similar studies. It is possible that this
was caused by the remote nature of the experiment, as many
previous studies have been conducted in-person, which may
contribute to the overall high secondary task performance.
In one experiment that was conducted online, Loaiza et al.
(2021) found evidence of the McCabe effect, but this experi-
ment forced high secondary task performance, and as such
there was little variability of secondary task performance in
contrast to the present study.

Beyond simple secondary task accuracy measures, we
also conducted an exploratory analysis that investigated how
participants self-report of task focus influences the McCabe
effect. We posited that participants may engage with the task
differently and that some may shift their attentional focus
away from completing all task requirements on a consid-
erable number of trials. To understand how participants
were choosing to complete the task, we asked participants
to report “what they were just thinking about” during every
trial and allowed them to report whether they were think-
ing “on-task” thoughts (and which task they were thinking
about), “task-related” thoughts, or “off-task” thoughts. Par-
ticipants varied considerably in what they reported think-
ing about depending on both the trial type and how well
they performed on the secondary task overall. Notably, most
participants thought about the primary task most often dur-
ing the simple and slow span tasks. However, during the
complex span trials, when participants should ideally be
thinking about both tasks, we saw marked differences. The
frequency of thinking about both tasks corresponded with
how much the participant engaged with the secondary task,
and immediate-recall performance dropped when partici-
pants reported thinking about both tasks. In contrast, the
delayed-recognition task was much less affected by any
variation in reported thought during initial learning. Past
research has found mind-wandering to affect performance
on many cognitive tasks (for review, see Mooneyham &
Schooler, 2013), including working memory performance
(e.g., Krimsky et al., 2017; Mrazek et al., 2012), but mind-
wandering is often operationalized as only task-related ver-
sus task-unrelated thought. By asking our participants not
only if their thought was related to the task, but also which
task they were thinking about specifically, we gathered a
more nuanced sample of participant focus during the experi-
ment. Together, these results suggest that what participants
choose to focus on may strongly affect working memory
performance, but that long-term memory may be less sus-
ceptible to these variations. However, an alternative is also
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possible, that the type of thought does influence long-term
memory and our recognition measure was not sensitive
enough to capture subtle differences. Future research should
consider the various aspects of a task that may draw partici-
pant focus when studying the effects of mind-wandering on
task performance and the influence on different outcome
measures. While the present study demonstrates that indi-
viduals engage in tasks differently, the reasons underlying
this variation remain unclear.

Notably, we also found that there was a small increase
in fully off-task thinking (thinking about “something else’)
during the slow span task compared to the simple span
and complex span tasks. One potential explanation for the
increased free time benefit found in Souza and Oberauer
(2017) is that during a slow span task, participants engaging
in mind-wandering, displacing memory items. They must
then intermittently retrieve the memory items back into the
focus of attention, resulting in a pattern of results similar to
that of the McCabe effect. However, given that the increase
in this mind-wandering was quite modest in the present
study (15% in slow span compared to 10% in simple span
and 13% in complex span), it is likely that any long-term
memory benefit would be extremely small as well. This con-
trasts with displacement of memory items in the complex
span task, which necessitates shifting the focus of attention
to the secondary task after each memory item on every trial.
Further, as depicted in Fig. 5c, delayed memory performance
on the slow span trials in which participants reported think-
ing about “something else” was not better than the other
task types. Thus, if participants are engaging in some form
of retrieval during working memory processing via mind-
wandering, it does not appear to benefit long-term memory
in the same way that a typical complex span task does.

The present results have important impacts on at least
three fronts. First, our results indicate that retrieval of dis-
placed information back into the focus of attention is critical
as a mechanism underpinning the McCabe effect. When par-
ticipants engaged less with the secondary task, the McCabe
effect decreased despite more free time being available dur-
ing initial processing. Rather than increased free time as
found in Souza and Oberauer (2017), engaging with sec-
ondary task performance drove the effect of the long-term
benefit of working memory processing.

Second, the nature of our sample also demonstrates the
importance of setting for understanding human cognition.
While many traditional psychology experiments take place
in a controlled laboratory setting, most real-world cogni-
tive tasks do not. Further, recent shifts to online setting in
education and work underscore the importance of under-
standing how cognitive performance changes across set-
tings. Prior research has found that many basic attention
and choice paradigms show similar patterns of performance
both in-person and online (Barnhoorn et al., 2015; Crump
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et al., 2013; Hilbig, 2016; Semmelmann & Weigelt, 2017).
The present work differs from these basic studies in that it
involves more complex cognitive strategies for task comple-
tion, including task and effort tradeoffs between concurrent
tasks. It seems that setting effects can change how some
participants allocate their effort and attention across tasks,
leading to different patterns of performance compared to
laboratory studies. Other studies have explored this ques-
tion in working memory (Bui et al., 2015; Ruiz et al., 2019;
Uittenhove et al., 2022), but generally ignore any metrics
beyond primary task accuracy. This is a critical missed
opportunity as we demonstrate that individuals vary widely
in their approach to the task when allowed to choose their
own level of task engagement outside the lab. These dif-
ferences have long-term consequences, at least for memory
retention. The present findings imply that cognition in the
service of remote self-monitored work and education may
often be far from optimal even when initial tests of perfor-
mance on the primary task metric indicate sufficient perfor-
mance. Future research should explore these effects in other
types of complex cognitive tasks to obtain a more complete
picture of changes in cognitive engagement across different
settings.

Third, in contextualizing these findings in the broader
landscape of science including the replication crisis in psy-
chology and open science initiatives, these data clearly show
the importance of analytic decisions. Specifically, these data
show strikingly different performance patterns depending on
how the data were treated, with evidence swinging in favor
of or against certain hypotheses, depending on how the data
were preprocessed (Gelman & Loken, 2014). If we had col-
lapsed across the entire sample our main conclusions would
have likely landed in the file drawer with no evidence for the
McCabe effect due to factors unknown. Alternatively, if we
had excluded a large proportion of our sample based on the <
80% low performance exclusion rule and just reported high
performers, we would have concluded the McCabe effect
was robust. Clearly, what may seem like a small decision
based on good intentions and sound logic (that is, inferring
low performance as an indicator of participants not engaged
on the task and that they should be excluded) has quite a pro-
found downstream theoretical impact. Investigators should
consider these implications in their own research and what it
may mean for different models of cognition. In online stud-
ies where collection of large samples is relatively quick and
easy, researchers should consider presenting supplemental
analyses of the full sample broken by performance, atten-
tion checks, or some alternative performance measures. This
may provide unique insights into human behavior generally,
and specific insight into the boundary conditions of different
theories of human cognition.

One potential criticism of the present study may be that
due to the online setting, our participants were not fully

engaged with the experiment, resulting in poor quality data.
However, we view this performance variability as a strength.
Though some of our participants performed poorly on some
components of the experiment, performance on both immedi-
ate-recall and delayed-recognition tasks was still well above
chance. This finding suggests that the participants were not
fully disengaged from all components of the experiment. We
intentionally designed our experiment to leverage the vari-
ability in participant engagement to test the importance of
full engagement with the complex span secondary task on
delayed memory performance. We used the unengaged par-
ticipants to demonstrate that shifting attention to the second-
ary task is what drives the McCabe Effect. While the field
of psychology has begun to acknowledge the importance
of broadening the diversity of research samples (Apicella
et al., 2020; Henrich et al., 2010), there is room to consider
variation even within a typical sample. Using a typical 80%
accuracy threshold would result in the exclusion of half of
our online sample. Such an approach assumes that so-called
“bad” participants have little to offer our understanding of
human cognition. Outside of the lab, circumstances are rarely
ideal, and everyone is a “bad” participant sometimes. Under-
standing how a variety of people process information across
a variety of contexts is important for broadening cognitive
models to reflect how people function in daily life.

Another criticism of the present findings could be that we
cannot know what cognitive process led to poor secondary
task performance and so we cannot interpret the meaning
of the data in our low and zero engagement groups. In com-
plex span tasks, memory researchers typically only include
data from participants that are performing at or above 80%
accuracy under the assumption that we cannot know what
participants are doing when they get secondary task per-
formance wrong. This caution should certainly apply here
in our low engagement participants, those with secondary
task performance greater than 0% but less than 80% cor-
rect. A broad mix of cognitive processes could occur in any
given participant to reach this behavioral result. The same
issue is not at play in the zero-engagement group for the
following reason. Chance performance is 50% in the task,
but there was no requirement forcing participants to enter
any response during the secondary task to proceed with the
experiment. They could omit responses when they did not
engage in the task. The only process that leads to achiev-
ing 0% accuracy in the secondary task is to simply not do
the task at all. If a participant engages with the task in any
way, even randomly pressing buttons on some trials, then
performance will be above 0% due to a 50% chance each
response is correct. Compared to the typical requirement
that participants perform above 80% for data inclusion, we
can be more confident in the present results because there is
more than one way to achieve high performance in the task,
but only one way to achieve 0% performance.
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Conclusion

The present study demonstrated that dual tasking while
maintaining information in working memory is beneficial
to long-term retention because of repeated retrieval of infor-
mation displaced from the focus of attention. We found that
only participants who fully engaged with both components
of a dual task exhibited an improvement in delayed memory
performance for items initially encountered in a complex
span task compared to a simple span task. Individuals dif-
fered in what they reported thinking about during the task,
depending on both the span task and secondary task perfor-
mance. These results emphasize that participants employ dif-
ferent strategies to complete a task based on task difficulty,
motivation, and likely other factors. This seems especially
true in self-monitored online contexts and has implications
for how we assess performance across a variety of cogni-
tive tasks. The present work provides further evidence of
the importance working memory processing for long-term
memory but also underscores the need to consider a wide
variety of metrics when assessing cognitive performance,
particularly in online samples.
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