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We often store to-be-remembered information externally (e.g., written down on a piece of
paper) rather than internally. In the present investigation, we examine factors that influ-
ence the decision to store information in-the-world versus in-the-head using a variant of
a traditional short term memory task. In Experiments 1a and 1b participants were pre-
sented with to-be-remembered items and either had to rely solely on internal memory
or had the option to write down the presented information. In Experiments 2a and 2b par-
ticipants were presented with the same stimuli but made metacognitive judgments about
their predicted performance and effort expenditure. The spontaneous use of external stor-
age was related both to the number of items to be remembered and an individual’s actual
and perceived short-term-memory capacity. Interestingly, individuals often used external
storage despite its use affording no observable benefit. Implications for understanding how
individuals integrate external resources in pursuing cognitive goals are discussed.

� 2015 Elsevier Inc. All rights reserved.
1. Introduction

Human cognition often involves, as an integral part, the manipulation of the body and/or physical/social environment
(e.g., Barrett, 2011; Clark & Chalmers, 1998; Goldin-Meadow, 2005; Hutchins, 1995; Kirsh & Maglio, 1994; Pfeifer &
Bongard, 2006; Zhang & Norman, 1994). Indeed, our ability to adaptively integrate internal with external processes likely
represents a defining feature of what it means to be a successful cognitive agent in a complex environment.
Understanding how the cognitive system goes about integrating internal with external processes in pursuit of a cognitive
goal is attracting renewed interest (Chisholm, Risko, & Kingstone, 2013, 2014; Dunn & Risko, in press; Eskritt, Lee, &
Donald, 2001; Eskritt & Ma, 2014; Fu, 2011; Gilbert, 2015a,b; Kirsh, 2010; Landsiedel & Gilbert, 2015; Risko, Medimorec,
Chisholm, & Kingstone, 2014; Sparrow, Liu, & Wegner, 2011; Storm & Stone, 2015) with the increasing popularity of perspec-
tives emphasizing the central role of the body and physical/social environment in cognition (e.g., embodied/embedded cog-
nition; e.g., Glenberg, 2010; distributed cognition; e.g., Michaelian & Sutton, 2013). In considering the interaction between
internal and external processes, researchers often describe the latter as being used to ‘‘lighten the load’’ on the former, a phe-
nomenon referred to as cognitive offloading (e.g., Gilbert, 2015a,b; Goldin-Meadow, Nusbaum, Kelly, & Wagner, 2001;
Landsiedel & Gilbert, 2015; Martin & Schwartz, 2005; Risko et al., 2014; Storm & Stone, 2015; Wilson, 2002). In the present
from the
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investigation we introduce an adaptation of a short-term memory task that allows for the experimental investigation of cog-
nitive offloading in a memory task. We use this paradigm to investigate the factors that determine whether an individual
decides to store some to-be-remembered information in-their-head (e.g., in short term memory) versus in-the-world
(e.g., written on a piece of paper), how they use the latter when they choose to do so, and the associated metacognitions.

The fledgling literature on cognitive offloading can be usefully divided into addressing two fundamental questions (1) the
consequences of cognitive offloading or how does offloading influence cognitive processing and (2) the selection problem or
how do we decide, if given the choice, to offload. While cognitive offloading is not limited to any one particular domain (see
Risko et al., 2014 for work in the perceptual domain), this behavior is often discussed in the context of memory tasks. One
common example of offloading internal memory demands onto the environment is to record to-be-remembered information
in some external medium (e.g., write, type into a computer; Cary & Carlson, 1999, 2001; Eskritt & Ma, 2014; Eskritt et al.,
2001; Intons-Peterson & Fournier, 1986; Sparrow et al., 2011; Storm & Stone, 2015). Returning to the two questions outlined
above, researchers have begun to explore both how this behavior influences memory (or performance in a task involving
memory) and how an individual decides to store to-be-remembered information internally or externally.

With respect to the memorial consequences of offloading, Sparrow et al. (2011) demonstrated that participants who
typed to-be-remembered information into a computer that they expected would save the information remembered less than
individuals who typed to-be-remembered information into a computer and did not think it would be saved (memory was
assessed in both cases without the memory aid). The authors attributed this effect to the former group not putting the effort
into encoding the information. In a similar vein, Eskritt and Ma (2014; see also Eskritt et al., 2001) compared memory for
identity and location information in a concentration game and gave half the participants the opportunity to study and take
notes (which they expected to have access to during the test) and the other half only the opportunity to study the informa-
tion. A memory test with the notes group’s notes removed revealed equivalent memory for identity information but
impaired memory in the note-taking group for location information relative to the study-only group. The author’s attributed
this pattern to individuals engaging in a kind of intentional forgetting (via external storage) of the location information
because it was the more difficult type of information to store internally. Consistent with this kind of idea, Storm and
Stone (2015) recently demonstrated that offloading can improve memory for non-offloaded items by reducing pro-active
inhibition. Thus, it seems clear that the decision to store information in-the-world versus in-the-head has consequences
for memory performance.

A critical feature of most experiments focused on the consequences of cognitive offloading for cognitive processing is that
participants are in a sense compelled to engage in the putative offloading behavior thus allowing for a clean comparison of
the impact of offloading (see Siegler & Lemaire, 1997 for discussion of the underlying logic). For example, in Storm and Stone
(2015) participants either had to save information in a file or had to store it in memory – they did not choose one strategy or
the other. While permitting a direct comparison of the influence of these different strategies, this kind of design does not
allow for an investigation into how individuals decide to offload in the first place. Our day-to-day cognitive lives are full
of decisions either to complete some cognitive task while relying solely on internal resources or by integrating some external
resource (e.g., ‘‘do I write this down or just try to remember it’’). It is to the nature of this decision that we turn in the present
investigation.

The decision to offload internal processing onto some external medium is most often conceived of as being based on an
effort based cost benefit analysis (Cary & Carlson, 2001; Clark, 2010; Gray & Boehm-Davis, 2000; Gray, Sims, Fu, & Schoelles,
2006; Kirsh, 2010; Risko et al., 2014). While intuitive, one important issue with this approach is the difficulty inherent in
operationalizing effort independently of the behavior (Dunn & Risko, in press). One common answer to this issue is to define
effort in terms of performance (i.e., X is more effortful than Y to the extent that X takes longer and/or leads to more errors
during performance). For example, Gray et al. (2006) define effort explicitly in terms of time. In the present context, such a
view would suggest that individuals would rely on an external strategy to the extent that it improves performance (in this
case accuracy in a memory task) relative to relying on internal storage. This is a straightforward and testable claim but two
issues arise when considered more deeply. First, this approach blurs the possible distinction between maximizing perfor-
mance and minimizing effort and second it implies a mechanism for online performance monitoring or making judgments
about how the use of external processes might influence performance, but leaves the nature of that mechanism unclear. One
potential mechanism for performing this latter function, which has been discussed recently, is through some form of
metacognitive processing (Arango-Muñoz, 2013; Dunn & Risko, in press; Gilbert, 2015a,b). Metacognition is thought to
involve metacognitive monitoring, which involves an individual’s subjective assessment of their cognitive processing, and
metacognitive control, which involves actions taken to regulate cognition (e.g., Nelson & Narens, 1990; Koriat, 2007).
From this perspective, cognitive offloading can be seen as a form of metacognitive control based on a subjective assessment
of the relative costs/benefits of integrating an external process versus performing a given cognitive function while relying
completely on internal means. In Experiments 1a and 1b we focus on participant’s spontaneous use of offloading and the
performance associated with storing information in-the-world versus in-the-head in a novel variant of an STM task. In
Experiments 2a and 2b we focus on the subjective assessment of performance (accuracy) and effort and their relation to
choice behavior in the same STM task.
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1.1. Present investigation

Investigating the decision to offload in a memory task requires creating conditions that provide participants with the
option to use either internal or external forms of storage and investigating the factors that influence the use of each
(Cary & Carlson, 2001; Gilbert, 2015a,b; Gray & Boehm-Davis, 2000; Gray et al., 2006; Landsiedel & Gilbert, 2015; Siegler
& Lemaire, 1997; Schönpflug, 1986; Walsh & Anderson, 2009). In the present investigation we adapted a traditional
short-term memory task (i.e., forward span; Engle, Tuholski, Laughlin, & Conway, 1999) by giving participants (in
Experiments 1a and 1b) the freedom to write down the to-be-remembered information. Thus, participants were free to store
the information internally and/or store the information externally. In addition to this free-choice condition, participants also
performed the same task without the option to write (thus mimicking a traditional short-term memory task). This type of
choice/no choice design (Siegler & Lemaire, 1997) allows for an assessment of the relation between performance while rely-
ing solely on internal means of storage (i.e., in the no-choice condition) and spontaneous use of external storage (i.e., in the
choice condition).

The critical manipulation in a standard STM task is the number of items to-be-recalled. Participant’s performance
decreases as the number of to-be-recalled items increases. Thus, overall, the likelihood of spontaneous offloading should
increase as the number of to-be-recalled items increases. Important in this context will be participant’s behavior with small
set sizes where participants will be near ceiling when relying completely on their internal memory (e.g., a set size of 2 let-
ters). When there is no benefit to performance, will participants engage in the physical effort required to offload the pre-
sented letters? From a simple performance based perspective, this effort would seem superfluous. On the other hand,
writing in such cases (i.e., when it does not benefit performance) may decrease reliance on internal processing, which could
be viewed as reducing effort (e.g., Ballard, Hayhoe, Pook, & Rao, 1997).

In addition to the effect of set size, we were also interested in whether individuals with a larger STM capacity would
choose to rely more on internal than external forms of storage. If participant’s decision to offload is driven by its associated
benefits to performance, then there should be a negative relation between STM capacity and the likelihood of writing in the
choice condition. Specifically, as STM capacity increases the spontaneous use of pen-and-paper should decrease, given that
external forms of storage would become beneficial sooner for individuals with less capacity. Alternatively, individual vari-
ation in the decision to offload could be driven primarily by factors putatively unrelated to one’s actual STM capacity
(e.g., motivation, preference for internal versus external forms of effort). To begin to explore such factors we included the
Need for Cognition scale, a paper-and-pencil measure of individuals’ preference for effortful cognitive activity (Cacioppo
& Petty, 1982).

Experiments 1a and 1b also allow for an assessment of how individuals offload memory demands when they decide to do
so. Specifically, when presented with a string of to-be-recalled letters and an individual decides to write, what do they write?
There are two general strategies available (1) individuals will copy the entire string and (2) individuals will copy a subset of
that string and store the rest internally. For example, with respect to the latter partial offloading strategy, if person X is pre-
sented with 6 letters they might store three internally and the rest externally. If individuals engage in this kind of partial
offloading, the question then becomes what information do individuals store where. In the example above, does person X
store the first three letters presented externally and the last three internally or vice versa, or some alternative strategy?
Critically, previous research has demonstrated coordination costs when individuals have to report information stored inter-
nally and externally (Carlson, Wenger, & Sullivan, 1993). Arguably similar ‘‘switch costs’’ have recently been observed in the
context of experiments investigating the theoretical distinction between maintenance modes and updating modes in work-
ing memory (Ecker, Oberauer, & Lewandowsky, 2014; Kessler & Oberauer, 2014). While this work has focused on shifts
between these modes internally, the use of external storage provides an interesting opportunity to expand these ideas.
For example, storing information externally would require its own set of updating functions though possibly no equivalent
maintenance function. The critical observation for the present work is the existence of costs associated with switching
between internal modes, which suggests similar costs would be incurred by switching between, for example, internal versus
external forms of updating. To avoid this cost participants might be motivated to remain in a single mode (i.e., either storing
all items internally or all externally). Based on these observations, a straightforward prediction is that individuals will copy
the entire string of to-be-remembered letters in order to reduce the need for coordination between internal and external
stores.

1.2. Methods

1.2.1. Participants
Thirty-four participants (16 in Experiment 1a) from the University of Memphis took part for course credit or financial

remuneration.

1.2.2. Design
A 2 (instruction: choice versus no choice) � 5 (set size 2 versus 4 versus 6 versus 8 versus 10) within subject design was

used. Instruction was blocked and the order of the blocks was counterbalanced across participants. Set size was randomly
intermixed.
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1.2.3. Stimuli and apparatus
The short-term memory task consisted of the auditory presentation of a set of letters selected from the following letters:

BCFHJKLMPQRTWX. Stimulus presentation was handled by DMDX (Forster & Forster, 2003). Each letter was presented for
one second. Prior to each auditory presentation, the upcoming set size was presented visually on a screen in front of the par-
ticipant. In the choice condition participants were given paper and a pen. The task space (i.e., paper, pen, and participant’s
hand) was recorded as was participant’s verbal response. The researcher remained in the room with the participant behind a
partition and recorded online the participant’s responses and whether they used the pen and paper on a given trial.

1.2.4. Need for cognition scale
The need for cognition scale consists of 18 items. Participants rate on a scale of 1 (extremely uncharacteristic) to 5 (extre-

mely characteristic) how characteristic a statement is about them. Items address individual’s preference for effortful cogni-
tive activity (e.g., ‘‘the notion of thinking abstractly is appealing to me’’).

1.2.5. Procedure
Following the instructions, participants performed two blocks of trials (choice and no choice). In both the choice and no

choice conditions, on each trial participants were first presented with a digit for 600 ms indicating how many letters were
going to be presented on that trial. Participants were then presented with the to-be-remembered letters. Participants were
instructed to recall aloud the letters that were presented to them in the order that they were presented when the recall
prompt appeared on the screen. In Experiment 1a, the recall prompt appeared immediately after auditory presentation of
the letters. In Experiment 1b, a lag was introduced between the end of stimulus presentation and the recall prompt for
set sizes 2 through 8 such that all trials were made to be as long as the set size 10 condition. In the no choice condition par-
ticipants had to rely only on their internal memory. Instructions in the choice condition stated that participants were able to
write using the pen and paper in front of them, but that they were not required to do so. In addition, no instructions were
given pertaining to what the participant wrote or when writing should begin if they chose to do so. Choice and no-choice
conditions were blocked and counterbalanced across participants. Following the STM task, participants filled out the need
for cognition scale. There were 30 trials in each block. The entire study took approximately 30 min to complete.

1.3. Results

Three participants (1 in Experiment 1a; 2 in Experiment 1b) could not be used because of video error or excessive back-
ground noise. Participants’ responses were recorded online and offline (using the audio record). Five choice trials (0.85% of all
trials) were removed because the participants wrote something other than the presented letters. In addition, video error pre-
cluded 2.3% of trials from being coded offline. When both were available, agreement (between online and offline coding)
with respect to accuracy was high, k = .93. The data coded offline (with missing data replaced by data from the online coding)
were used in the reported analyzes. In the choice block participants decision to write or not was also recorded online and
offline. There was 100% agreement. The offline coding of the choice block also included what participant’s wrote. The
Greenhouse-Geisser correction was used when appropriate. The small procedural change between Experiment 1a and 1b
did not alter the pattern of results and as such results are reported collapsing across experiments. Accuracy reflects the per-
centage of trials on which the entire letter string was reported in the correct order.

1.3.1. Accuracy: No Choice
As expected there was a significant effect of set size in the no choice block, F(1.95, 58.40) = 321.96, MSE = 424.91, p < .001,

gp
2 = .91. Participants were near ceiling with two letters (97.8%) and made more errors as set size increased to four (89.8%)

and six (36.6%) letters, until participants were essentially at floor at eight (3.2%) and ten (0.5%) letters (see Fig. 1).

1.3.2. Accuracy: Choice
There was also a significant effect of set size in the choice block, F(2.27, 68.06) = 21.20, MSE = 705.27, p < .001, gp

2 = .41.
Again, participants were near ceiling with two letters (98.4%) and made more errors as set size increased to four (96.8%), six
(82.8%), eight (65.2%) and ten (64.0%) letters. We conducted a 2 (instruction) � 5 (set size) ANOVA. There was a significant
interaction between instruction and set size, F(2.77, 83.21) = 51.31, MSE = 395.27, p < .001, gp

2 = .63, such that the effect of
set size was less pronounced in the choice block than in the no choice block (see Fig. 1).

The choice block does not require a participant to write, thus, mean performance includes trials on which individuals
wrote and did not. As such, we compared accuracy within a given set size for trials on which an individual decided to write
in the choice block and could not write in the no choice block in order to assess the performance benefit of associated with
writing. There was no effect of writing for set size 2 (choice write: 99.1% versus no choice: 100%), t(17) = 1.0, p = .33, but
there was for set size 4 (96.8% versus 85.7%), 6 (90.3% versus 32.0%), 8 (77.8% versus 1.9%), and 10 (68.4% versus 0.6%), all
ts > 3, ps < .008.

Intuitively it might seem that participants should be perfect or nearly so in the choice block when they choose to write.
This was not the case (see Fig. 1). We coded such errors in the choice block when people wrote into two types (1) incomplete
copying: the participant did not accurately write down all of the letters presented and (2) read off errors: the participant
accurately wrote down all of the letters presented but nonetheless responded incorrectly. Because of video error, 3% of these



Fig. 1. Accuracy (% correct; left panel) in the choice (overall and contingent on having wrote) and no choice conditions and choice behavior (% individuals
who wrote; right panel) as a function of set size from Experiments 1a and 1b (combined). In the left panel bias corrected and accelerated bootstrapped 95%
confidence intervals were used and in the right panel the formula for 95% confidence intervals for a proportion were used.
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trials were removed. Overall, 68% (66/97 trials) of the errors could be attributed to incomplete copying and 32% to read off
errors. Of the 68% of errors where the participant did not copy the letters presented exactly, on 47% of these trials partici-
pants read off accurately what they had written (suggesting that they were relying on the external representation).

1.3.3. Choice behavior
Inspection of participants’ choice behavior revealed a clear bimodal distribution in that participants largely either wrote

or did not within a given set size (see Gilbert, 2015b for a similar pattern in offloading in a prospective memory task). As
such, at each set size participants who wrote on more than 50% of the trials were classified as having written and a
Cochran’s Q test was used to test the effect of set size. There was a significant effect of set size, Q(4) = 36.00, p < .001, such
that the likelihood that the participant wrote increased with set size. Interestingly, a sizeable number of participants (42%)
wrote in the set size 2 condition despite the fact that there was no performance benefit of doing so (see Fig. 1).

1.3.4. Partial offloading
When participants in the choice block decided to write (and responded accurately) the vast majority (97.7% of trials;

516/528 trials) decided to copy all of the letters presented on that trial. Interestingly, on the remaining trials there was evi-
dence that participants elected to store some information externally and some information internally. Specifically, on 75%
(9/12) of the trials on which participants did not write all the letters, they responded with more letters than they had writ-
ten. Furthermore, on 89% (8/9) of these trials what participants wrote was an exact copy of the first letters of what was said

(e.g., one participant was presented with XMFTPKQJ, they wrote XMFT, and responded XMFTPKQJ). This type of behavior was
also apparent on choice trials where participants chose to write and made an error (i.e., what participants wrote was an exact
copy of the first letters of what was said but made an error in reporting the part of the list that was not recorded). Of all the
choice trials on which participants wrote, about 4% (23/625) could relatively unambiguously be classified as partial offload-
ing. Interestingly, only 35% (8/23) of the time was this strategy successful. Lastly, while different participants (16%; 5/31)
seemed to ‘‘experiment’’ with this strategy, a substantial portion of the trials on which it occurred were due to a single par-
ticipant who did it regularly.

1.3.5. Individual differences
Participant’s STM capacity was indexed by participants’ performance in the no-choice block. There was a significant cor-

relation between individuals’ accuracy in the no choice condition and the likelihood that they wrote in the choice condition,
r(29) = �.40, p = .02. Individuals who performed better when forced to rely on internal memory (i.e., no choice condition)
spontaneously offloaded less in the choice condition. There was no correlation between need for cognition and the likelihood
that participants wrote in the choice condition, r(29) = �.23, p = .22 A regression model including both overall accuracy and
need for cognition revealed a marginally significant effect of accuracy, b = �1.4, SE = .68, t = �2.04, p = .051, but no effect of
need for cognition, b = �6.78, SE = 11.69, t = .58, p > .05. The correlational analyzes reported here should be interpreted cau-
tiously provided the small sample size.
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1.3.6. Block order and trial position
As noted above, half the participants performed the choice block first followed by the no-choice block and half the par-

ticipants performed the no-choice block first followed by the choice block. Overall, order did not influence accuracy in the
no-choice block, F(1, 29) = .06, MSE = 402.94, p = .81, gp

2 = .002, nor did it interact with set size, F(1.92, 55.64) = .36,
MSE = 440.54, p = .69, gp

2 = .01. There was also no effect of order or an order by set size interaction in accuracy in the choice
block overall, F(1, 29) = 1.56, MSE = 1267.76, p = .22, gp

2 = .05; F(2.34, 67.95) = 1.87, MSE = 663.71, p = .12, gp
2 = .06 (for the

main effect and interaction respectively). With respect to participants’ behavior on choice trials, again, there was no influ-
ence of order. Cochran’s Q was similar across the no-choice first, Q(4) = 16.25, p < .01, and choice first orders, Q(4) = 21.05,
p < .001. In addition, chi-square tests within a given set size comparing each order yielded no significant differences, all
ps > .2 (see Table 1).

In addition to block order, we also explored the extent to which participants’ accuracy and choice behavior changed over
time in the task. Over time it is possible that individuals build up pro-active interference and that this impairs accuracy and
potentially influences the decision to offload. Thus, we split each block into two 15 trial halves and included this factor in a
series of analyzes paralleling those reported above. Overall, half did not overall influence accuracy in the no-choice block, F(1,
29) = 1.90, MSE = 326.26, p = .18, gp

2 = .06, but there was a marginal interaction between half and set size, F(2.22,
64.32) = 2.52, MSE = 475.32, p = .045, gp

2 = .08. Half did not influence accuracy in the choice block, F(1, 27) = .18,
MSE = 540.61, p = .67, gp

2 = .01, and there was no interaction between half and set size, F(2.75, 74.27) = .87, MSE = 571.33,
p = .49, gp

2 = .03. In a similar vein, half did not influence choice behavior. Cochran’s Q was similar in the first half,
Q(4) = 33.58, p < .001, and second half, Q(4) = 41.46, p < .001. In addition, McNemar tests comparing half within a given
set size yielded no significant differences, all ps > .35. Thus, neither order nor time on task appear to strongly influence accu-
racy within the task used here and, more importantly, does not appear to influence the likelihood that individuals sponta-
neously wrote in the choice block (see Table 2).

1.4. Discussion

In Experiments 1a and 1b participants performed a STM task both with and without the option to offload the
to-be-recalled items. As expected, as the number of letters participants had to remember increased accuracy decreased
and the likelihood of spontaneous writing (i.e., offloading) increased. This latter finding converges with recent work in
the context of offloading delayed intentions in a prospective memory task (i.e., as memory load increased likelihood of set-
ting an external reminder increased; Gilbert, 2015b). There were two theoretically interesting results with respect to how
individuals were deciding to offload. First, a substantial number of participants clearly offloaded well before it was beneficial
to do so. Indeed, nearly 50% of participants spontaneously choose to write when only charged with remembering 2 letters.
Second, there was a significant correlation between participant’s performance in the no choice condition and the likelihood
that they offloaded. It should be noted, however, that while this correlation is in the theoretically predicted direction, the
sample size is relatively small and as such should be interpreted cautiously. Nonetheless, Gilbert (2015a) recently demon-
strated a similar relation between cognitive offloading and objective unaided ability in the context of a prospective memory
task. Specifically individuals who performed more poorly on the task without the ability to offload intentions (i.e., set remin-
ders) more frequently offloaded when free to do so in a matched task (Gilbert, 2015a). With respect to how individuals use
external forms of storage, the vast majority, when they decided to write, copied all of the letters presented rather than trying
to store some information externally and some internally. That said, the latter strategy did occur and when it did participants
always began by storing initial letters externally and the remainder internally. We will return to this aspect of the present
results in Section 3.

Returning to how individuals decide to try and offload cognition, the observation that almost half the participants off-
loaded when only expected to remember two items (and that this did not benefit performance) seems inconsistent with
the idea that participants engage in the behavior when it improves performance. Why go to the trouble to write when
remembering only 2 letters? One answer to this question might lie in individuals’ metacognitions about offloading in this
Table 1
Accuracy (%) and choice behavior in the No-Choice and Choice conditions and % of participants who offloaded as a function of set size and order.

Set size

2 Letters 4 Letters 6 Letters 8 Letters 10 Letters

No Choice – Accuracy
No Choice First 97.8 87.8 37.8 5.6 1.1
No Choice Second 97.9 91.7 35.4 1.0 0.0

Choice – Accuracy
No Choice First 97.8 94.4 87.8 72.2 73.3
No Choice Second 99.0 99.0 78.1 58.5 55.2

Choice – Writing
No Choice First 53.3 60.0 73.3 86.7 93.3
No Choice Second 31.3 56.3 68.8 75.0 81.3



Table 2
Accuracy (%) and choice behavior in the No-Choice and Choice conditions and % of participants who offloaded as a function of set size and first versus second
half of the block (i.e., time on task).

Set size

2 Letters 4 Letters 6 Letters 8 Letters 10 Letters

No Choice – Accuracy
First Half 97.3 86.2 27.9 5.9 0.8
Second Half 98.4 91.6 41.9 2.4 0.0

Choice – Accuracy
First Half 98.4 95.7 80.5 68.3 61.6
Second Half 98.9 96.7 86.4 61.9 64.8

Choice – Writing
First Half 45.2 58.1 73.3 83.3 90.3
Second Half 35.5 60.0 71.0 80.6 90.3
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context (Arango-Muñoz, 2013; Dunn & Risko, in press; Gilbert, 2015a,b). Specifically, while writing when required to
remember a small amount of information might not objectively benefit performance this does not mean participants do
not perceive a potential performance benefit (Dunn & Risko, in press). Alternatively, individuals might not perceive any ben-
efit in terms of performance, but still perceive some kind of reduction in effort based on offloading. Evidence for metacog-
nition’s role in offloading has been demonstrated recently. For example, Gilbert (2015a) demonstrated that individual’s
spontaneous use of reminders in a prospective memory task was predicted by their ‘‘memory confidence’’ or how well they
predicted they would perform in that task independent of their actual performance. In a similar vein, Dunn and Risko (in
press) reported a dissociation between performance and offloading in a perceptual task (i.e., performance was equivalent
across two conditions that differed substantially in rates of spontaneous offloading) that was explained by a kind of metacog-
nitive error wherein participants were clearly ‘‘misperceiving’’ the relative costs/benefits of the different internal versus
external strategies. Thus, in Experiments 2a and 2b we investigate individual’s metacognitions in the context of the task used
in Experiments 1a and 1b. In Experiment 2a and 2b we focus on individuals’ perception of how accurate they think they
would be (2a) or how effortful they would find the task (2b) provided the same task parameters (e.g., number of
to-be-recalled letters) while relying solely on internal versus external means and whether they would, in a choice condition,
write versus not and why.

2. Experiments 2a and 2b

In the first part of Experiments 2a and 2b participants were presented with a string of letters auditorily and asked to esti-
mate either (a) how accurate they would be or (b) how effortful it would be to recall them immediately after presentation
while relying on either their memory only (no-choice-internal) or if they were forced to write it down (no-choice-external).
The former condition is similar to the no-choice condition in Experiments 1a and 1b but the latter condition is not a choice
condition (as used in Experiment 1) but rather a no-choice condition wherein the individual imagines performing the task
using writing. The use of a no-choice-internal and no-choice-external condition makes the contrast between the conditions
more clear (i.e., we need estimates of accuracy/effort under both strategies for all participants which would not be available
if participants are provided a choice; see Dunn & Risko, in press; Siegler & Lemaire, 1997). In the second part of the exper-
iment participants were again provided with a string of letters auditorily but were asked if given the choice whether they
would write or not. This is equivalent to the choice condition used in Experiments 1a and 1b. After providing each decision,
participants were asked to provide an explanation as to why they chose the option they did. Based on existing theory and
pilot work we used a forced choice design where participants chose between four explanations (1) accuracy (2) effort (3)
both accuracy and effort and (4) other. Participants were then asked to estimate how many letters they could remember
from a 10-letter string and completed the Need for Cognition scale. While there is little previous work investigating
metacognition in STM tasks, the 10-letter question was included for comparison with earlier work that demonstrated that
individuals significantly overestimate their ability to remember strings of letters for short periods of time using a similar
question (Levin, Momen, Drivdahl, & Simons, 2000). In addition, it provides a measure of perceived STM capacity in
Experiment 2b that can be used to assess its contribution to offloading relative to perceived effort.

As noted above, the results of Experiment 1a and 1b provided two theoretically interesting results (1) participants seem-
ing overreliance, from a performance perspective, on writing in the choice condition and (2) the association between esti-
mated STM capacity (estimated via performance in the no choice condition) and the likelihood of offloading. Experiments
2a and 2b could help further illuminate both of these patterns. First, while Experiment 1 did not reveal any benefit of writing
in the 2-letter condition, this does not mean that participants do not perceive a benefit, in terms of performance and/or effort.
Indeed, a perceived benefit could motivate individuals to offload despite the existence of any objective benefit (Dunn & Risko,
in press). The explanations individuals provide for why they choose to offload with only 2 items (assuming they do in
Experiments 2a and 2b as well) will also help further understand this behavior. Second, we can assess the relation between
participants’ confidence in their STM (i.e., how accurate do they think they would be across the various set sizes in the
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no-choice-internal condition) and the tendency to say that they would offload. In a similar vein, we can re-assess the relation
between need-for-cognition and offloading in the same light. Lastly, while not the focus of the present work, to our knowl-
edge there has been scant work investigating individual’s metacognitions regarding STM as compared to the volumes of
work investigating metacognition in more LTM oriented contexts (for a review see Koriat, Goldsmith, & Pansky, 2000).

2.1. Methods

2.1.1. Participants
One hundred and sixty individuals were recruited from Amazon Mechanical Turk. Two participants were not included in

the following analyses for Experiment 2a for failing a manipulation check embedded within the survey, resulting in a final N
of 78 participants for Experiment 2a and 80 participants for Experiment 2b. Participants from Mechanical Turk were all over
the age of 18 and native English speakers. Participants received $4.00 as compensation upon completion of the task.

2.1.2. Design
A 2 (instruction: no-choice internal versus no-choice external) � 5 (set size: 2 versus 4 versus 6 versus 8 versus 10) mixed

design was used for the accuracy/effort rating task. Both instruction and set size were randomly intermixed within-subjects.
In the choice block the only manipulation was set size.

2.1.3. Stimuli
One list from the short-term memory task used in Experiments 1a and 1b was used as auditory stimuli for the rating task

and likelihood judgments.

2.1.4. Accuracy/effort ratings
Instructions stated that individuals were to estimate either how accurate they would be or how effortful it would be to

remember and subsequently recall all of the items in a string of letters immediately after presentation in the correct order
that they were presented. The instruction manipulation asked individuals to imagine that they must either write down the
items while they were being presented (not after) to then be immediately recalled with the written letters in front of them,
or that they must hold the items in their memory alone to be recalled immediately after presentation. In addition, a small
icon depicting a hand writing on a piece of paper or that icon crossed out was presented along with the corresponding
instruction to aid in drawing attention to the current instruction for every trial.

2.1.5. Choice task
In the choice task, for each set size an auditory stimulus was presented and participants had to choose either yes (I would

write the letters down) or no (I would rely solely on my memory). After the initial selection participants were presented with an
additional question asking them to choose an option that best described why they chose yes or no for the strategy selection
question. Four options were provided: (1) I chose the strategy because it would maximize my accuracy; (2) I chose the strat-
egy because it would minimize my effort; (3) I chose the strategy because it would maximize my accuracy and minimize my
effort; or (4) I chose the strategy based on a different reason than those provided above. If a participant chose option 4, then
an open-ended question asking for a brief explanation on why they would chose their strategy based on a different reason
was presented.

2.1.6. STM capacity estimate
Individuals were asked to imagine a scenario where they would be presented with 10 random letters aloud, similar to

some of the examples they had already completed in the accuracy/effort-rating portion of the study. Instructions stated that
they were to estimate how many letters they believed they could accurately recall in the correct order without the use of any
aids (i.e., relying solely on their memory alone). Individuals made their answer using a slider ranging from 0 to l0 letters. An
additional open-ended question was presented asking for a short explanation on why they provided the STM estimate that
they did.

2.1.7. Procedure
Participants chose and accepted the human intelligence task (HIT) on Amazon Mechanical Turk and electronically pro-

vided informed consent on the first page of the survey. Participants were then randomly assigned to either the accuracy
or effort rating condition. For each randomized trial, an audio stimulus consisting of a letter string, instructions, and rating
slide (ranging from 0% to 100%) were presented. Individuals read the instruction outlining the strategy and played the audio
stimulus prior to making their ratings. Thirty trials were completed for the rating task. Participants then completed 5 trials of
the choice task, one rating for each set size, which were presented sequentially from 2 letters to 10 letters. Participants then
completed the STM capacity estimate, Need for Cognition scale, and demographic questions. A short debriefing was provided
as well as an opportunity to provide feedback to the researchers. A random number was generated at the end of the survey in
which participants had to enter back into Mechanical Turk in order to receive remuneration. The entire survey took approx-
imately 30 min to complete.
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2.2. Results

2.2.1. Predicted accuracy and effort: no write
As expected there was a significant effect of set size in the no write block for predicted accuracy, F(2.70, 207.88) = 391.92,

MSE = 242.16, p < .001, gp
2 = .84, and predicted effort, F(1.98, 156.72) = 328.16, MSE = 477.69, p < .001, gp

2 = .81. Participants’
predicted accuracy was near ceiling with two letters (96.3%) and decreased steadily as set size increased to four (87.6%), six
(66.7%) eight (43.6%) and ten (28.4%) letters (see Fig. 2). Predicted effort showed a qualitatively similar pattern with effort
near floor with two letters (10.2%) and increasing steadily as set size increased to four (27.7%), six (54.6%) eight (73.9%) and
ten (84.9%) letters (see Fig. 2). Comparing participants’ predicted accuracy to their actual performance in the equivalent
no-write condition in Experiments 1a and 1b (i.e., 97.8%, 89.8%, 36.6%, 3.2%, 0.5% for set size of 2, 4, 6, 8, 10 respectively)
suggests that individuals’ overestimate their ability to remember longer strings of letters.

2.2.2. Predicted accuracy and effort: write
There was also a significant effect of set size in the write block for predicted accuracy, F(1.41, 108.92) = 39.81,

MSE = 402.422, p < .001, gp
2 = .34, and predicted effort, F(1.85, 146.58) = 71.22, MSE = 221.10, p < .001, gp

2 = .47.
Participants’ predicted accuracy was near ceiling with two letters (98.5%) and they predicted more errors as set size
increased to four (95.1%), six (88.2%), eight (83.0%) and ten (77.7%) letters. Predicted effort showed a qualitatively similar
pattern with effort near floor with two letters (5.9%) and increasing steadily as set size increased to four (11.9%), six
(18.5%) eight (25.7%) and ten (29.1%) letters (see Fig. 2).

By comparing participants’ predicted accuracy/effort in the no-write and write conditions we can assess the extent to
which participants perceived a benefit of offloading relative to completing the task while relying solely on internal memory.
Participants perceived a significant benefit of writing at all set sizes both in terms of accuracy (gain in accuracy when writ-
ing) and effort (reduction in effort), all ts > 2.6, ps < .05. This was also true when using non-parametric statistics.

2.2.3. Predicted choice behavior
A Cochran’s Q test was used to test the effect of set size on participants’ prediction of whether or not they would write in a

choice condition. There was a significant effect of set size in both Experiment 2a (accuracy), Q(4) = 198.02, p < .001, and
Experiment 2b (effort), Q(4) = 216.90, p < .001. The likelihood that the participant reported they would write increased with
set size in Experiment 2a (15.4%, 44.6%, 89.7%, 100%, 98.7% for set size of 2, 4, 6, 8, 10 respectively) and Experiment 2b (7.5%,
43.7%, 90.0%, 96.2%, 98.7% for set size of 2, 4, 6, 8, 10 respectively; see Fig. 3). A smaller percentage of participants predicted
offloading at the smallest set size (Experiment 2a 15.4%; Experiment 2b 7.5%) relative to spontaneous writing in the choice
condition of Experiments 1a and 1b (45%). In addition, the difference between rates of offloading in Experiments 2a and 2b in
the smallest set size approached significance, v2(1) = 2.43, p = .119. In an independent replication (N = 153) we found a sim-
ilar pattern. Specifically, individuals who were asked to first predict their accuracy (19.7%) across the various conditions
were more likely to report that, given the choice, they would write in the set size 2 condition than individuals who were
asked to first predict effortfulness (3.9%), v2(1) = 9.2, p < .05. When these two datasets are combined the difference is signif-
icant, v2(1) = 10.6, p < .05.

2.2.4. Explanations for choice
Participants could select between 4 options for why they made the choice to either write or not. A clear pattern emerged

(see Fig. 4 and Table 3). Specifically, when individuals decided to write they most often cited maximizing accuracy as being
Fig. 2. Predicted accuracy (% correct; left panel) and predicted effort predicted accuracy (% effort; right panel) in the No Choice – External and No Choice –
Internal conditions. Bias corrected and accelerated bootstrapped 95% confidence intervals were used.



Fig. 3. Percentage of participants who reported they would write/offload as a function of set size for Experiments 2a and 2b. The formula for 95% confidence
intervals for a proportion were used.

Fig. 4. Overall percentage of responses in each category of explanation as a function Experiment and whether participants responded that they would
write/offload: Yes (i.e., ‘‘I would write the letters down’’) or No (i.e., ‘‘I would rely solely on my memory’’).
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the reason. When individuals decided not to write they most often cited minimizing effort as being the reason. This general
pattern held in both Experiment 2a (accuracy) and 2b (effort) and was also true at each set size (see Table 3). As noted above,
reasons for offloading in the set size 2 condition was of particular interest given remembering 2 items for a short period
would yield near-ceiling performance in most contexts. Overall, the pattern of responses was similar in the set size 2 con-
dition. Individuals who reported that they would offload cited maximizing accuracy as the primary reason and individuals
who reported that they would not cited minimizing effort. In a separate experiment with the same general design we col-
lected individual’s open-ended explanations for offloading. Examples of reasons to offload in the 2 letter condition that could
be classified as accuracy based include ‘‘writing down the letters basically assures you will be able to remember them later’’
or ‘‘I might get distracted and forget, so I would write them down to ensure I remembered them.’’ Examples of reasons not to
offload in the 2 letter condition that could be classified as effort based include ‘‘It was 2 letters, so it was easy to remember’’
or ‘‘Since there was only 2 letters, I think it would be easier to just keep them in my head. Writing them would be a waste.’’
Thus, when offloading participants tend to cite maximizing accuracy as the main driver and minimizing effort as the main
driver for not offloading.

2.2.5. Individual differences
In order to parallel Experiments 1a and 1b, in Experiment 2a participant’s overall predicted performance and overall pre-

dicted effort in the no-write block was used to predict overall likelihood of writing in the choice block. In Experiment 2a, a



Table 3
Percentage of responses in each category of explanation as a function of set size, Experiment, and whether participants responded that they would write/offload
(i.e., ‘‘I would write the letters down’’) or would not (i.e., ‘‘I would rely solely on my memory’’).

Rating dimension 2 Letters 4 Letters 6 Letters 8 Letters 10 Letters

Acc Effort Both Other Acc Effort Both Other Acc Effort Both Other Acc Effort Both Other Acc Effort Both Other

Experiment 2a – Accuracy
I would write the

letters down
92 0 8 0 82 0 18 0 81 0 19 0 73 1 26 0 79 0 21 0

I would rely solely
on my memory

3 55 32 11 9 52 32 7 13 63 25 0 0 0 0 0 0 100 0 0

Experiment 2b – Effort
I would write the

letters down
100 0 0 0 66 9 26 0 65 7 28 0 57 4 39 0 59 3 38 0

I would rely solely
on my memory

7 61 26 7 4 71 24 0 13 63 25 0 33 33 33 0 0 100 0 0
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model including both overall predicted accuracy and need for cognition revealed a significant effect of predicted accuracy,
b = �.003, SE = .001, t = �2.4, p < .05, but no effect of need for cognition, b = .014, SE = .021, t = .68, p > .1. Individuals who pre-
dicted performing worse in the no write block were more likely to report that they would offload if given the choice. In
Experiment 2b, a model including both overall predicted effort and need for cognition revealed a significant effect of pre-
dicted effort, b = .004, SE = .002, t = 2.5, p < .05, but no effect of need for cognition, b = �.012, SE = .019, t = .�61, p > .1.
Individuals who viewed the no write block as more effortful were more likely to report that they would offload if given
the choice. In Experiment 2b we can compare individual’s predicted effort and predicted STM capacity (using the number
of items they thought they could recall when presented with a 10 letter string) as predictors of the overall likelihood of writ-
ing. In a model including overall predicted effort and predicted STM capacity, predicted effort was not significant, b = .002,
SE = .002, t = 1.4, p = .15, but predicted STM capacity was significant, b = �.035, SE = .01, t = �3.42, p < .01. Thus, predicted
STM capacity is the best predictor of self-reported offloading.

2.3. Discussion

The results of Experiments 2a and 2b revealed a number of interesting patterns. As expected, participants’ predicted accu-
racy decreased and predicted effort increased as set size increased. In addition, the predicted use of the writing strategy also
increased as set size increased though a much smaller proportion of participants said they would offload in the 2-item con-
dition than did so in Experiments 1a and 1b. Critically, participants did perceive a benefit to offloading in terms of accuracy
and effort in the 2-item condition. Thus, while performance in the 2-item condition was equivalent in Experiment 1 when
individuals wrote and did not, participants in Experiment 2 overall estimated a benefit in terms of accuracy (more) and effort
(less) in that condition via writing. This perceived benefit of offloading goes some way to explaining individuals’ willingness
to expend the added effort associated with writing in a condition where it led to no objective benefit in terms of perfor-
mance. The explanations provided by participants further clarified this phenomenon. In particular, when individuals, in a
choice condition, stated they would write rather than rely solely on their memory they almost unanimously explained
the decision by recourse to concerns about maximizing accuracy. Interestingly, participants used effort as an explanation
for choosing not to offload. That is, individuals who reported that they would offload cited maximizing accuracy as the pri-
mary reason and individuals who reported that they would not cited minimizing effort. It is important to note that the effort
explanation for offloading (or not) provided in the choice task likely differs from the effort ratings provided in the first block
of the experiment. Specifically, the ratings task in the first block consisted of two forced conditions (i.e., forced to write,
forced to rely on memory alone) aimed at assessing how each strategy would influence effort in immediate recall, that is,
how effortful would it be to recall the letters with the given strategy? In the choice task, however, individuals were free
to choose which strategy they would prefer for each set size and make their judgments accordingly. Thus, individuals in
the choice task can use ‘‘effort’’ to refer to the effort associated with storing the items internally or the effort associated with
the physical act of offloading. Further evidence consistent with perceived accuracy rather than perceived effort driving the
decision to offload was the fact that more participants in Experiment 2a than Experiment 2b reported that they would off-
load in the 2-item condition. The critical difference between these experiments was that the former had participants rating
accuracy and the latter effort prior to the block of trials wherein participants made their choice. One explanation of this
result, in conjunction with the idea that perceived accuracy is driving the decision to offload, is that priming accuracy con-
cerns (Experiment 2a) increased the self-reported likelihood of offloading relative to priming effort concerns (Experiment
2b). Lastly, individual differences in both predicted accuracy and effortfulness of the task predicted the likelihood of
self-reported offloading. Thus, individuals who perceived their ability to remember letters for a short period of time and indi-
viduals who perceived it as effortful offloaded more. Again, consistent with the idea that perceived accuracy is driving the
decision to offload, in a regression model including both perceived effortfulness of the task and perceived STM capacity pre-
dicting the likelihood of offloading, only perceived STM capacity was significant. In neither experiment did need for cognition
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predict the likelihood of self-reported offloading. Together these results provide a clearer picture of the mechanisms under-
lying the decision to store information in-the-world versus in-the-head.

3. General discussion

In the present investigation we developed a variant of a traditional STM capacity task to address a number of questions
related to individuals’ use of external storage. Experiments 1a and 1b focused on individual’s spontaneous use of external
storage in relation to the number of to-be-recalled items and the relative performance afforded by the use of internal and
external forms of storage. In addition, these experiments allowed an investigation of how people use external storage and
a preliminary investigation of how individual differences in STM capacity and need for cognition relate to it. Experiments
2a and 2b focused on the metacognitive basis for the decision to offload in our variant of the STM task. In particular, we were
interested in individual’s perceptions of how they would perform and the effort required as a function of the number of
to-be-recalled items and the use of internal or external storage and how this related to the results in Experiments 1a and
1b and to individual’s self-reported use of offloading in a choice condition. Experiments 2a and 2b also afforded a further
evaluation of individual differences in predicting offloading – in this case in terms of individual differences in perceived per-
formance, perceived effort, and need for cognition. Taken together the results reveal a relatively clear picture of the decision
to use external storage. In particular, participants seem driven by a rather deep sense of the fragility of internal forms of stor-
age relative to external forms and perceived effort seems to play a rather minimal role, at least when considered indepen-
dently of perceived performance. We discuss this and related issues further below.

3.1. The decision to integrate an external resource

We began with the straightforward prediction that participants would use external storage when it benefitted perfor-
mance to do so but outlined two issues that needed to be addressed with respect to this kind of account (1) the relation
between maximizing accuracy and minimizing effort and (2) the nature of the processes that allow an individual to ‘‘assess’’
their performance across internal and external strategies. The reported experiments address these issues and as such allow
for a more detailed account of offloading in the context of a STM task. First, the results of Experiments 1a and 1b overall did
not fit neatly into the idea that participants would use external storage when it benefitted performance to do so. For exam-
ple, the observation that almost half the participants offloaded when only expected to remember two items (and that this did
not benefit performance) seems, on its face, problematic for this view. Experiments 2a and 2b, however, provided clear sup-
port for an account wherein deciding to store information internally or externally is tied to individuals’ metacognitive beliefs
about the reliability of internal and external storage (or their metacognitive beliefs about their ability to engage in each;
Arango-Muñoz, 2013; Cary & Carlson, 2001; Michaelian, 2012). For example, the individuals who were more likely to say
they would store to-be-remembered information externally were less confident in their ability to store information inter-
nally. Interestingly, the contribution of perceived effort (above and beyond perceived ability) was minimal and, as in
Experiments 1a and 1b, there was no relation between need for cognition and offloading. Thus, individuals appear to be
motivated to offload in order to maximize accuracy not minimize effort.

If the decision to offload is driven by metacognitive beliefs about performance, then why do individuals offload in con-
ditions in which it does not benefit performance (i.e., when only asked to remember 2 items)? The results of Experiment 2a
suggest that this phenomenon likely occurs because individuals adopt a conservative approach to internal and external stor-
age wherein the inherent fragility of short term memory biases the perception of its relative efficacy in relation to external
storage. For example, in Experiment 2a, more than 25% of the participants thought they would be more accurate writing 2
letters down than simply storing that information in short term memory. This perception is arguably not inaccurate in the
sense that storing information internally (no matter how much information) always holds the potential for information loss
(e.g., if the individual becomes distracted) even if in the limited context of an experiment (e.g., Experiments 1a and 1b) that
potential is never realized. Thus, individuals whose short-term memories are more fragile (Experiments 1a and 1b) or view
their memories as more fragile (i.e., predicted they would perform worse in our task; Experiments 2a and 2b) also offload or
predict they would offload more. A potentially analogous pattern was reported by Siegler (1988) in an investigation of indi-
vidual differences in children’s strategy selection in the context of arithmetic. Specifically, he identified three groups:
‘‘not-so-good students,’’ ‘‘good students,’’ and ‘‘perfectionists’’ where the latter two groups performed comparably using
standard retrieval strategies, but the perfectionists much more often opted to use accurate but slow ‘‘back-up strategies.’’
Thus, similar to the present findings, a subset of individuals were clearly opting for a back-up strategy (here offloading) when
their objective performance suggested the added effort was unnecessary. Siegler (1988) suggested that the perfectionists set
a higher confidence criteria for selecting the potentially (though not actually) less accurate retrieval strategy.

The idea that the decision to offload is driven by metacognitive beliefs about performance also provides a potential expla-
nation for different rates of actual and predicted offloading in the 2-item condition of Experiments 1a and 1b and
Experiments 2a and 2b. Far more participants in the actual experiment offloaded in the 2-item condition than reported they
would when not required to perform the task. While there are many potential differences (e.g., in-laboratory versus online
samples) between these experiments, one of the most salient is that in Experiments 1a and 1b participants performed the
task in the presence of an experimenter who was recording their responses. Social presence, implied or real, can have
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remarkable effects on individual’s behavior and performance (e.g., Bond & Titus, 1983; Miyazaki, 2015; Risko & Kingstone,
2011). This implicit social pressure to perform in Experiments 1a and 1b would likely bias individuals even further toward a
conservative approach with respect to their use of internal storage when external storage is available. Another potential
alternative is that in performing the actual experiment participants were randomly and repeatedly exposed to different
set sizes. Thus, some subset of participants might have tried to avoid the effort associated with selecting a strategy on each
trial by sticking with the writing strategy throughout (assuming they would certainly need it for the larger set sizes). This
would have the effect of increasing the use of offloading in the 2-letter condition in-laboratory relative to the online where
participants did not have to potentially ‘‘switch’’ between different strategies. In a similar vein, in performing the actual
experiment participants may have been more motivated to try to conserve memory resources. For example, if participants
believe that their internal memory store depletes over time with use, they may have decided to offload in the 2-item con-
dition to conserve resources for the more difficult trials in an attempt to optimize performance (e.g., on larger set size trials
and/or in the no choice block). Future work investigating the contribution of these strategies (e.g., through blocking set size)
would further our understanding of cognitive offloading.

3.2. Partial offloading

One of the clearest results in the present investigation was the observation that when individuals decided to use
pen-and-paper they copied all of the letters presented. This is consistent with the general idea that ‘‘sharing’’ internal
and external spaces (e.g., by storing some letters internally and some externally) imposes a cognitive cost (e.g., a coordina-
tion cost, or switch cost; Carlson et al., 1993). One way to potentially conceptualize this cost is in terms of different main-
tenance or updating functions (Ecker et al., 2014; Kessler & Oberauer, 2014) for information stored internally versus
externally and the costs associated with mode switches. Thus, sticking with one mode of maintenance/updating (i.e., either
internal or external) might reduce demands. It is also important to note that because individuals write does not necessarily
mean that they are not also maintaining the information internally.

While participants in the majority of cases wrote all letters, in a small number of cases, individuals did appear to at least
attempt to offload partially. This was most clear when individuals copied down a subset of the letters presented and then
responded with the entire string. Interestingly, when this strategy was used, the letters stored externally were always those
first presented. This manifestation of a kind of partial offloading strategy is counterintuitive in the present context as it then
requires the participant to hold in memory the letters from the end of the string while outputting the initial letters. This
would be expected to induce a kind of output interference, which is known to impair performance (Tulving & Arbuckle,
1963). Consistent with this notion, performance when individuals used this strategy was poor.

3.3. Metacognition in a short-term memory task

There exists a deep literature with respect to metacognition and long term memory (Koriat et al., 2000) but little work has
addressed metacognition in the context of short term memory tasks. While not the focus of the present research, the results
of Experiments 2a and 2b provide a starting point for future research in this area. The results clearly suggest such an endea-
vor is needed. While individuals predicted their accuracy would decrease as set size increased, thus matching objective per-
formance, their absolute estimates were often surprisingly inaccurate. For example, consistent with previous research (Levin
et al., 2000), in the 10-letter condition when participants could not write, they estimated that they would be about 30% accu-
rate whereas in the comparable condition in Experiments 1a and 1b participants were accurate on less than 1% of the trials.
What accounts for these overestimations at larger set sizes is not clear but understanding them will likely provide important
insight into metamemorial processes with respect to short term memory.

4. Conclusion

We have a limited understanding of the mechanisms underlying the interaction between internal and external resources.
The present investigation used memory as a test case and revealed a number of interesting and surprising results. These
results will constrain the future development of theories attempting to explain our use of external resources and provide
novel insights into how individuals manage memory demands in their day-to-day cognitive lives (Kingstone, Smilek, &
Eastwood, 2008) which often affords both internal and external storage.
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