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The effect of recent reminder setting on subsequent strategy and

performance in a prospective memory task

The technological advancement that is rapidly taking place in today’s society
allows increased opportunity for “cognitive offloading” by storing information in
external devices rather than relying on internal memory. This opens the way to
fundamental questions regarding the interplay between internal and external
memory and the potential benefits and costs of placing information in the
external environment. This article reports the results of three pre-registered
online experiments investigating the consequences of prior cognitive offloading
on A) subsequent unaided ability, and B) strategic decisions whether to engage in
future cognitive offloading. We administered a web-based task requiring
participants to remember delayed intentions for a brief period and manipulated
the possibility of setting reminders to create an external cue. Earlier cognitive
offloading had little effect upon individuals’ subsequent unaided ability, leading
to a small and nonsignificant drop in subsequent performance. However, there
was a strong effect on participants’ subsequent likelihood of setting reminders.
These findings suggest that the short-term impact of cognitive offloading is more
likely to be seen on individuals’ strategy choices rather than basic memory

processes.
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Introduction

In everyday life, we often form intentions for future actions which can only be executed
after a delay. The ability to remember to perform such actions in the future is known as
prospective memory (Einstein & McDaniel, 1990; McDaniel & Einstein, 2007).
However, our mental abilities have acknowledged limits (e.g., we can encode and store
in memory a limited amount of information; Cowan, 2010), so that we sometimes forget
to execute an intended behaviour. When establishing an intention to act later, we can
alternatively choose to use physical actions (e.g., setting a reminder such as an alarm or

calendar alert) as a means of “cognitive offloading” (Risko & Gilbert, 2016) so that the



information processing requirements of the task are altered. This in turns reduces
cognitive demand and relieves the burden of intention maintenance in internal memory
(Herrmann et al., 1999).

Although the phenomenon is ancient, researchers have only recently started
conducting systematic investigations on the topic. This has been fuelled by rapid
technological advancement, which allows us to use the environment (i.e., external
memory) to record information rather than storing it in our brain (i.e., internal memory;
Finley et al., 2018). Researchers have started questioning what the effects of cognitive
offloading are on our future thinking and behaviour. In the current study, we explore the
effects of recent use of reminders on subsequent performance and strategy in a task
requiring memory for delayed intentions. More precisely, we study the effect that
reminder setting (also known as “intention offloading”; Gilbert, 2015a) has on unaided
memory ability and whether it influences the propensity to use the same strategy for

future performance.

The relationship between intention offloading and unaided memory

While some experiments have shown that offloading information can improve
performance when the external store is available (see Risko & Gilbert, 2016), other
research has documented other potential effects of relying on external devices on
cognition. Fisher, Goddu, and Keil (2015) documented an illusion of knowledge by
which individuals using the Internet to search for information tend to conflate
information available online with information stored in their own memory. In a similar
vein, Ward (2013) found that using the internet causes people to assimilate its attributes
into the self, overlooking the effect of the internet on performance and inflating

judgements about the ability to perform well in the future.



Other research has documented instances where relying on external memory
may prevent individuals from maintaining an internal representation of the information
they are attempting to preserve (Henkel, 2014; Soares & Storm, 2018; Tamir et al.,
2018). Henkel (2014) documented a photo-taking-impairment effect by which
participants may be less likely to remember objects they photograph rather than objects
they simply observe. Photography can be interpreted as a form of cognitive offloading,
which allows individuals to rely on the external device to record information about the
object, rather than storing it in the internal memory. This result has been recently
replicated by Soares and Storm (2018), who found that participants exhibit a photo-
taking-impairment effect even when they do not expect to have subsequent access to the
photos. Converging support has been provided by a further study showing that media
usage can impair memory (Tamir et al., 2018). Altogether, these findings suggest that
the act of cognitive offloading may have a detrimental effect on internal memory for the
offloaded information.

A common concern is that relying on cognitive aids can hinder unaided ability
(Baldwin et al., 2011) by reducing opportunities for individuals to develop and maintain
the skills required to perform tasks in an unaided manner (i.e., ‘use it or lose it’).
According to this view, simplifying a task by adopting a cognitive offloading strategy
would lead to impaired subsequent performance on a more demanding task (i.e., one
which does not afford offloading).

An alternative view is offered by the literature on ego depletion (see Friese et
al., 2018 for a review). Although the literature in the field is controversial, previous
research has suggested that initially performing a demanding self-control task can lead
to impaired subsequent cognitive performance, compared with initial performance of an

easier task. While some authors propose that this is because self-control is a depletable



resource (Baumeister et al., 1998), others have challenged this view both conceptually
(Lurquin & Miyake, 2017) and empirically (Hagger et al., 2016). For the present
purposes, we simply note that the ego depletion literature makes an opposite prediction
to the “use it or lose it” account, namely that performing a simplified task by adopting a
cognitive offloading strategy might improve subsequent cognitive performance in a
demanding task rather than impairing it. This prediction does not imply acceptance of
the concept of resource depletion and would be equally compatible with other models of
ego depletion (e.g., the idea that these effects reflect participants’ beliefs and
motivational states, rather than self-control being a limited resource).

Previous work has investigated the effect that saving a file on a computer has on
the remembering of new information (Storm & Stone, 2015). Not only is the proportion
of information recalled from the saved file higher than the information recalled when
the file is not saved, but also, saving a file before studying a new file improves recall of
the contents of the new file. That is, saving files represents a means to offload to-be
remembered information onto outside sources, which facilitates the later encoding and
remembering of new information. This effect suggests that offloading to-be-
remembered information can improve learning of subsequent information. This finding
was replicated in a recent study by Runge Frings, and Tempel (2019) who found that
the benefits of memory offloading are not limited to memory performance but can free
cognitive resources that can be used for subsequent unrelated tasks. Of the two
accounts described above, this would be more compatible with the ego depletion model.
However, in the paradigm used by Storm and Stone and Runge and colleagues,
participants must learn the second file whilst still needing to remember the first one,
potentially leading to interference and competition between the two files when the first

one is not offloaded.



By contrast, in this study we were interested in investigating whether initially
adopting an offloading or a non-offloading strategy affects subsequent memory
performance, even when the original material has already been tested and is no longer
relevant. In other words, we tested whether cognitive offloading at time A affects
cognitive performance at time B, even when the material learned at time A is no longer
relevant in the subsequent phase of the task. We did this in Experiment 1 by adapting
the intention offloading paradigm used by Gilbert (2015a). Participants performed a
memory test in two phases. In the first phase participants were randomised into two
groups performing the task either with external reminders or unaided memory. In the
second phase, all participants performed using unaided memory. This allowed us to test
the impact (if any) of using external reminders on subsequent unaided memory

performance.

The relationship between previous reminder setting and subsequent strategy

choice

Beside understanding of the consequences of cognitive offloading on our unaided
memory ability, another fundamental issue is the investigation of the factors that affect
the likelihood of choosing to offload cognition rather than rely on the internal memory.
In recent years, researchers have focused on different factors that affect cognitive
offloading, such as task difficulty (Gilbert, 2015a), metacognitive beliefs (Gilbert,
2015b), age (Gilbert, 2015a), task instructions (Boldt & Gilbert, 2019), feedback
valence and practice-trial difficulty (Gilbert et al., 2019). A further potential factor that
has not been studied until now is participants’ past history and previous experience with
the act of cognitive offloading.

A growing body of research has shown that when solving a problem, individuals

are inclined to reuse the strategy they used before (Luchins, 1942; Schillemans et al.,



2010). This effect has been demonstrated in several domains ranging from anagrams
(Ellis & Reingold, 2014) to perceptual decision-making (Schillemans et al., 2010) and
chess (Bilali¢ et al., 2008). A similar perseveration effect has been found when
individuals use the Internet as a form of cognitive offloading (Ferguson et al., 2015;
Storm et al., 2016). Ferguson and colleagues (2015) found that access to the Internet
influences individuals’ willingness to volunteer self-generated answers, leading to fewer
correct answers overall but greater accuracy when an answer was offered. In a similar
vein, Storm and colleagues (2016) found that using Google to answer an initial set of
trivia questions make individuals more likely to rely on the Internet to answer a new,
relatively easier, set of questions. This suggests that once individuals are in the habit of
using the Internet, they keep using it, even when it is not needed.

Starting from these observations that behaviour is influenced by the strategies
previously used, another aim of this study was to test the hypothesis that the use of
reminders in an offloading task increases the likelihood of relying on this strategy in the
future. We did this in Experiments 2 and 3 by adapting the intention offloading
paradigm used by Gilbert (2015a). Participants performed a memory test in two phases.
In the first phase participants were randomised into two groups performing the task
either with external reminders or unaided memory. In the second phase, all participants
were given the opportunity to choose whether to use reminders or rely on their own
memory. This allowed us to test whether once people are in the habit of using

reminders, they keep using them.

Experiment 1

This experiment aimed to investigate whether initially adopting an offloading or a non-
offloading strategy affects subsequent unaided memory performance, even when the

original material has already been tested and is no-longer-relevant.



We evaluated the evidence for the following three alternative hypotheses:

e The use of external reminders impairs subsequent unaided memory
performance, as predicted by the ‘use it or lose it’ account.

e The use of reminders improves subsequent unaided ability to execute a future
intention, as predicted by the ‘ego depletion’ account.

e The use of external reminders has no impact on subsequent unaided memory

performance.

Before commencing data collection, we preregistered our hypotheses, sample
size, experimental procedure, participant exclusion criteria, and analysis plans

(https://osf.10/724x5/).

Method

Participants

A total of 220 participants were recruited from the Amazon Mechanical Turk website
(http://www.mturk.com), an online marketplace in which participants receive payment
for completion of web-based tasks (Crump et al., 2013).

A statistical power analysis was performed with G*Power 3.1 for sample size
estimation. To the best of our knowledge, no previous studies have investigated the
effect of reminder use on subsequent unaided memory. As a consequence, for the
purpose of sample size estimation, we referred to the literature on ego depletion, as
similarly to our experiment, the typical paradigm used to test ego depletion consists of
two conditions, both requiring participants to complete two consecutive tasks. We based
the computations on a recent meta-analysis of the ego depletion effect conducted by

Dang (2018). Since none of the tasks used in the ego depletion literature is comparable



to that used in our experiment (i.e., a delayed intention task coupled with an arithmetic
interruption question), we referred to the overall effect found in the meta-analysis: g =
0.38. With an alpha = .05 and power = 0.80, the projected sample size needed with this
effect size was approximately N = 220 for the simplest between group comparison (110
participants in each group).

As in earlier studies by Gilbert (2015a, 2015b), participation was restricted to
volunteers aged at least 18 years and living in the USA, to reduce heterogeneity.
Furthermore, a total of 23 participants did not meet the criteria of at least 80% accuracy
in the arithmetic-verification test and/or 50% accuracy in the intention-offloading task
and were therefore excluded and replaced.

Participants were randomly allocated to two groups: Forced Reminders and No
Reminders. In the No Reminders condition there were 67 male and 43 female
participants with a mean age of 36+10 years (range 22-63). In the Forced Reminders
condition there were 62 male and 48 female participants with a mean age of 36+10
years (range 19-70). Participation took on average 25 minutes (minimum = § minutes,
maximum = 2 hours 3 minutes) in the No Reminders condition and 25 minutes
(minimum = 10 minutes, maximum = 3 hours 12 minutes) in the Forced Reminders
condition,' for which participants were paid $2.50. Ethical approval was received from
the local ethics committee and participants provided informed consent before

participating in the study.

" The completion time refers to the duration between the participant first opening the task in
their web-browser and their final completion. Participants were not necessarily working on
the task for this full duration seeing as they were free to take breaks at several points. See
Supplementary Materials for analyses investigating the relationship between completion
time and task performance.



Task and Procedure

The task was programmed in Java using Google Web Toolkit version 2.8
(http://www.gwtproject.org) and Lienzo graphics toolbox version 2.0
(http://emitrom.com/lienzo), implemented in the Eclipse development environment

(https://www.eclipse.org).

Intention-offloading task. In each trial, ten yellow circles numbered 1 to 10 were
randomly positioned within a square. Participants were instructed to use the mouse to
drag the circles in ascending order (1, 2, 3, etc.) to the bottom of the square. Each time a
square was dragged to the bottom, it disappeared, leaving the other circles on the screen.
After the 10th circle disappeared, the screen was cleared and the next trial began (see

Figure 1 for a schematic illustration of the task and visit http://www.ucl.ac.uk/sam-

gilbert/demos/circleDemo.html for a demonstration).

Alongside this ongoing task, on each trial participants were provided with
delayed intentions. That is, they were instructed to drag three circles to a specific
alternative location (i.e., left, right, or top of the square) when the numbers were
reached in the sequence.” This led to the formation of delayed intentions to perform
particular actions when they encountered prespecified cues, although participants could
produce a standard ongoing response (i.e., dragging the circle to the bottom of the box)
if they forgot.

The task also permits intention offloading in a simple manner: at the beginning

of each trial, participants can drag the target circles towards their intended location.

? In each trial, participants had to drag one target circle to the left, one target circle to the top,
and one target circle to the right. The three target numbers were randomly chosen from the
range 3-10 and randomly associated with the three target sides. When the instructions were
presented at the beginning of each trial, the instructions for the three target circles were
presented in ascending order.
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From this point on, there is no need to mentally rehearse the delayed intention(s).
Instead, the locations of the target circles themselves represent the intention, providing a
perceptual trigger when they are reached in the sequence. An everyday analogue might
be leaving an object by the front door, so that we remember to take it with us when
leaving the house. [Figure 1 approximately here]

There are three potential intention offloading conditions in this paradigm. In the
No Reminders condition, participants rely on internal memory only. This is enforced by
fixing the positions of all circles on screen apart from the next in the sequence, so that it
is not possible to adjust the position of forthcoming targets when they first appear on
screen. In the Forced Reminders condition, participants are required to set external
reminders. This is enforced by preventing participants from continuing the ongoing task
(removing circles from the bottom of the box) until they have adjusted the position of
any new target circles that appear. In the Optional Reminders condition (used in

Experiments 2 and 3), participants have a free choice whether or not to set reminders.

Arithmetic-verification test. Participants in both conditions additionally received a
distracting arithmetic question during each trial, via a pop-up box (using the same
procedure as Gilbert, 2015a). This occurred immediately after dragging one of the
nontarget circles to the bottom of the box, at a position in the sequence randomly
selected between the first circle and the circle immediately before the first target. This
ensured that participants always had the opportunity to set reminders before the first
arithmetic question was presented. In line with the literature showing that a brief task
interruption can tax cognitive resources and lead to errors (e.g., Weakley & Schmitter-
Edgecombe, 2019), we introduced the arithmetic-verification test to increase the
difficulty of the task, helping to reduce the possibility of ceiling effects in the measure

of intention fulfilment.
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Manipulation. The experiment consisted of 20 experimental trials, divided in two
phases and the key element of the study was the manipulation of intention offloading in
the first phase (See Figure 2 for a schematic representation of the experimental design).
[Figure 2 approximately here] More precisely, at the beginning of the experiment,
participants were randomly assigned to one of two conditions: No Reminders or Forced
Reminders. Participants in the No Reminders condition were asked to complete the
intention offloading task relying on their internal memory only, whereas participants in
the Forced Reminders condition were asked to complete the task making use of
reminders.

A second phase of the experiment followed immediately after the first and was
identical for participants in both conditions. That is, they were given 10 trials of the
same intention-offloading task, but this time none of them was allowed to set reminders.
For the exact wording of all experimental instructions, see Supplementary Materials.
Furthermore, the full source code for running the experiment can be downloaded at

https://osf.i0/3f52¢/.

Apparatus

Participants completed the task via their computer’s web browser. As in Gilbert
(2015a), participation was only permitted if the browser window had dimensions of at
least 500 x 500 pixels. The square box containing the circles was sized at 80% of the
horizontal or vertical extent of the browser window, whichever was smaller. Each circle
had a radius of 5.5% of the width/height of the box, and all circles were initially placed
so that they fell within a central portion of the box with dimensions sized at 56% of the
total width/height, so that no circles were adjacent to any of the edges of the box at the

beginning of the trial.
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Data Analysis

All data analyses were conducted in R version 3.5.2. Bayesian independent samples t-
tests were conducted in JASP version 0.9.2. The key dependent variable was target
accuracy — i.e., the proportion of targets that are correctly dragged to the instructed

location rather than to the bottom of the square.

Results

Mean arithmetic-verification accuracy was 99%. We first compared accuracy between
the two groups in phase 1, using a Welsh two-sample t-test. Accuracy was significantly
higher in the Forced Reminders group than the No Reminders group, #210.07) =3.69, p
<.001, d = 0.50 showing that the use of external reminders improves task performance
compared to the use of internal memory only (see Figure 3). [Figure 3 approximately
here]

Next, we investigated the effect of using reminders in the first phase on unaided
memory ability in the second phase. This was our main hypothesis-testing analysis. An
independent sample t-test revealed no reliable difference between the two groups, #218)
=1.03,p=.30,d=0.14"

We complemented the classical null hypothesis significance testing (NHST)
reported above with Bayesian analyses, which can provide a more informative and
effective approach for hypothesis testing (Kruschke, 2013). More precisely, we used
Bayes factors, which allowed us to quantify relative evidence for both alternative and
null hypotheses (Quintana & Williams, 2018). These Bayes factors can be interpreted as

a measure of the strength of evidence in favour of one theory among two competing

* A further exploratory analysis was performed to check for learning effects over time in the No
Reminders group, however there was little evidence for this (see Supplementary Materials).
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theories. These values are commonly interpreted using approximate guidelines such as
Jeffery’s scheme, which categorises Bayes Factors as anecdotal, moderate, strong, very
strong, or extreme evidence for a hypothesis over another (Jeffreys, 1961).

We conducted three separate Bayesian t-test tests, corresponding to each of the
three hypotheses above. A first test evaluating the evidence in favour of the hypothesis
that the use of external reminders impairs subsequent unaided prospective memory
performance (‘use it or lose it” account) yielded a BF of 2.47 (anecdotal evidence) in
favour of the null hypothesis that there is no effect of cognitive offloading on
subsequent unaided memory ability. A second test evaluating the evidence in favour of
the hypothesis that the use of reminders improves subsequent unaided ability to execute
a future intention (‘ego depletion’ account) yielded a BF of 12.92 (strong evidence) in
favour of the null hypothesis of no effect of reminder setting on unaided ability. Finally,
a third test evaluating the evidence in favour of the hypothesis that use of external
reminders has no impact on subsequent unaided memory performance yielded a BF' of
4.14 (moderate evidence) in favour of the hypothesis that the No Reminders group and
the Forced Reminders group can be best described by the same distribution.

Finally, we compared accuracy in each group between phase 1 and phase 2,
using a paired t-test. Results showed a significant decrease from phase 1 to phase 2 in
the Forced Reminders group (#(109)=4.24, p < .001, d = 0.40) and no significant

difference in the No Reminders group (£(109)=1.22, p = 223, d =0.12).*

* All the analyses were replicated including age as a covariate (see Supplementary Materials).
There was little evidence for an effect of age on our results. The inclusion of age in the
analyses also had little impact on our main hypothesis-testing analyses, and results were
generally consistent between the two approaches.
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Discussion

The results replicated the finding that individuals who set reminders fulfil their delayed
intentions more often (Gilbert, 2015a). Furthermore, unaided memory ability in phase 2
did not significantly differ between the No Reminder and Forced Reminder groups.
Therefore, prior use of a cognitive offloading strategy did not have a significant effect
on subsequent unaided memory ability. There was strong evidence against the
hypothesis that use of reminders improves subsequent unaided ability to execute a
future intention (‘ego depletion’ account), and anecdotal evidence against the
hypothesis that use of reminders harms subsequent unaided ability (‘use it or lose it’
account). Therefore, our results seem compatible with the idea that prior reminder
setting has no impact on subsequent unaided performance, or a small detrimental effect
(e.g., because it reduced practice opportunities; cf Baldwin et al., 2011). However, the
possibility of a detrimental effect rests on a nonsignificant finding, so it is not strongly
supported. Of course, our results can only speak to the impact of offloading on a short
timescale, seeing as the total experiment duration was only about 25 minutes. It is quite
possible that impact over a longer timescale could be different.

Our results contrast with previous evidence showing that prior offloading can
improve subsequent unaided memory (e.g., Storm & Stone, 2015). We suggest that the
key difference is that in Storm and Stone’s study, participants needed to maintain the
original information (either in internal memory or an external store) while the
subsequent memory test took place. Thus, participants had to learn new information
whilst simultaneously maintaining earlier information either in internal memory or an
external store. By contrast, in our study the earlier memoranda were no longer relevant
at the time of the subsequent memory test. Therefore, regardless of whether the original
information was stored internally or externally, it could be dismissed from memory by

the time the subsequent memory test took place.
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In summary, our results suggest that short-term use of a cognitive offloading
strategy has little effect on memory ability in circumstances where the previously
memorised information is no longer required and participants are forced to use unaided
memory. We now turn to the question of whether prior cognitive offloading influences
subsequent behaviour when participants are given a choice whether or not to set

reminders.

Experiment 2

In Experiment 1, we investigated whether initially adopting an offloading versus a non-
offloading strategy affects subsequent memory performance when participants are
prevented from setting reminders. However, in most everyday life situations,
individuals are free to choose whether or not to use a cognitive offloading strategy to
reduce the cognitive demands of a task (Risko & Gilbert, 2016). This experiment aimed
at understanding whether the use of a cognitive offloading strategy becomes habitual.
We did this by adapting the intention offloading paradigm used in the previous
experiment. Again, participants performed a memory test in two phases. In the first
phase they were randomised into groups performing the task either with external
reminders or unaided memory. In the second phase, all participants were given a free
choice whether to use reminders or rely on their own memory.

We predicted that participants who were instructed to set reminders in the first
phase of the experiment would rely more on reminders in the second phase than would
participants who were instructed to solve the task using their own memory in phase 1.
We also expected to replicate the finding that the use of reminders increases
performance accuracy. Accordingly, we predicted that in phase 1 participants who were
initially instructed to set reminders would be more accurate than participants who were

initially asked to solve the task using their own memory.
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Given that reminder-use is associated with accuracy, it might be predicted that
the groups would differ in accuracy as well as reminder-use in phase 2. However,
whereas phase 1 had a stark difference in reminder use between the groups (100%
versus 0%), any difference in phase 2 was expected to be smaller. Our initial
calculations suggested that sufficient power to detect any resulting influence on
accuracy would require a large sample size (N > 3000). Therefore, although we report
analyses of phase-2 accuracy, we did not expect our experiment to have sufficient
power to detect any potential group difference on this measure, and our main focus is on
the reminder-setting measure.

Before commencing data collection, we preregistered our hypotheses, sample
size, experimental procedure, participant exclusion criteria and analysis plans

(https://osf.10/9wtd8/).

Method

Participants

A total of 192 participants took part in the experiment. This was based on a power
calculation aiming for 80% power to detect a between-group difference with effect size

d = .41, based on unpublished pilot data (see https://osf.io/9wtd8/ for further

information). This was our predicted effect size for the difference in reminder setting
between groups who had previously performed the Forced Reminders versus the No
Reminders versions of the task.

Participants were randomly allocated to two groups: Forced Reminders (96
participants) and No Reminders (96 participants). In the Forced Reminders condition
there were 60 male and 36 female participants with a mean age of 35+11 years (range

19-68). In the No Reminders condition there were 62 male and 34 female participants
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with a mean age of 35+10 years (range 20-73). Participation took on average 21 minutes
(minimum = 8 minutes, maximum = 2 hours 15 minutes) in the No Reminders condition
and 23 minutes (minimum = 10 minutes, maximum = 2 hours 5 minutes) in the Forced
Reminders condition, for which participants were paid $2.50. The same exclusion
criteria as in experiment 1 were used. A total of 13 participants were excluded and
replaced because they did not meet the inclusion criteria. All participants provided
informed consent before participating and the research was approved by the UCL

Research Ethics Committee.

Data Analysis

The analyses focused on two key dependent measures: target accuracy — i.e., the
proportion of targets that are correctly dragged to the instructed location rather than to
the bottom of the square — and externalising proportion — i.e., the proportion of target
circles for which participants set up an external reminder, by moving it to a different
location before reaching its position in the ongoing task. For each trial, a record was
made of any time that a participant clicked on a circle when it was not next in sequence
(e.g., clicking on circle number 5, when circle number 1 is still on the screen). The
proportion of targets clicked before their turn in the sequence was then calculated, by
dividing the number of target circles that were clicked when it was not their turn in the
sequence by the total number of targets (i.e., three). An analogous procedure was used
to calculate the proportion of nontarget circles that were clicked out of sequence. This
was subtracted from the target-circle proportion, to control for any out-of-sequence
clicks that might have occurred simply due to accidentally clicking on the wrong circle,
regardless of its status as target or nontarget. This yielded the externalizing proportion,
calculated in the same manner as earlier studies (e.g., Gilbert, 2015a) so that 0 would

indicate that participants did not click on target circles out of sequence any more often
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than nontarget circles, and where 1 would indicate that participants clicked every target
circle before reaching its position in the sequence, but never clicked on nontarget circles

in this way.

Results

Mean arithmetic-verification accuracy was 99%. Participants rarely clicked on
nontarget circles when it was not their turn in the sequence (< 5%). Therefore, the
externalising proportions described below predominantly reflect participants’ tendency

to click target circles before it was their turn in the sequence.

Objective Accuracy

We first compared accuracy between the two groups in phase 1, using a Welsh two-
sample t-test. Accuracy was significantly higher in the Forced Reminders group than the
No Reminders group, #(180.39) =4.39, p <.001, d = 0.63 showing, as in the previous
experiment, that the use of external reminders improves task performance compared
with the use of internal memory only (see Figure 3).

Next, we conducted an independent samples t-test comparing accuracy in phase
2 between the two groups. We did not find any significant difference between the two
groups, #(190)=0.06, p = .95, d = 0.01. Finally, we compared accuracy in each group
between phase 1 and phase 2, using a paired t-test. Results showed a marginally
significant decrease from phase 1 to phase 2 in the Forced Reminders group
(7(95)=1.95, p = .053, d = 0.20) and highly significant increase in the No Reminders

group (£95)=3.34, p = .001, d = 0.34).

Reminder Setting

As our main hypothesis-testing analysis, we investigated the effect of using reminders
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in the first phase on the likelihood of using reminders in phase 2. A Welsh two-sample
t-test revealed a significantly higher externalisation proportion in the Forced Reminders
group, #(183.29) =4.48, p <.001, d = 0.65 (see Figure 4). [Figure 4 approximately here]
A Bayesian independent samples t-test was also conducted to investigate the strength of
the evidence in favour of our hypothesis against the null hypothesis. The test yielded a
Bayes factor of 1315 (extreme evidence) in favour of the hypothesis that the use of

reminders affects the likelihood of using them again in the future.

Relationship between Accuracy and Reminder Setting

Next, we ran a correlation between accuracy in phase 1 and reminder choice in phase 2
to investigate whether there is a relationship between performance in phase 1 and the
choice to set reminders in phase 2. We found a significant positive association between
the two variables for the Forced Reminder group, 7(94) = .28, p =.006, and a
significant negative correlation for the No Reminders group, 74(94) = -.25, p = .016.

We also combined over the two groups and ran a multiple regression where
group was a factor. The results of the regression indicated the two predictors explained
10% of the variance (R°= .10, F(2,189) = 10.21, p < .001). It was found that group
significantly predicted externalising proportion in phase 2 (= .28, p <.001), whereas
accuracy in phase 1 was not a significant predictor.

Last, we were interested in studying whether the use of reminders improves
accuracy in phase 2. We performed a multiple regression with phase-2 accuracy as
dependent variable and phase-1 accuracy and externalising proportion in phase 2 as
independent variables. We conducted this analysis separately for the two groups. For
the No Reminders group, the two predictors explained a significant amount of the
variance in phase-2 accuracy (R’ = .30, F(2,93) = 20.04, p < .001). Phase-1 accuracy

significantly predicted accuracy in phase 2 (= .44, p <.001), as did externalising
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proportion (8 =10.83, p <.001). Also for the Forced Reminders group the two
predictors explained a significant amount of the variance (R’ = .26, F(2,93) = 16.29, p <
.001). Again, phase-1 accuracy significantly predicted accuracy in phase 2 (f = .40, p <
.001), as did externalising proportion (f = 12.85, p <.001).

All analyses above were included in our original pre-registered analysis plan. In
an additional post-hoc analysis which was not pre-registered, we explored how
reminder setting varied across trials in the two groups (see Figure 5). [Figure 5
approximately here] From visual inspection, it appears that in both groups the use of
reminders remained relatively constant over time, being significantly higher for the
Forced Reminder group in every trial (p <.05). This result was confirmed by a further
analysis. We fitted individual regression lines predicting the externalising proportion
from trial number and compared the average slopes in the two groups. The difference
between the two slopes was not statistically significant (see Figure 6; #(188) = 0.14, p =

.89, d = 0.02). [Figure 6 approximately here]

Discussion

As in Experiment 1, the use of reminders in phase 1 led to a higher accuracy,
confirming the benefit of cognitive aids on memory accuracy.

Another relevant result is the significant correlations between phase-1 accuracy
and externalising proportions. For participants in the No Reminders group, objective
performance in phase 1 was negatively related to intention offloading in phase 2,
suggesting that the experience of making errors when solving the task using their own
unaided memory — reflected in a lower phase-1 performance — may have triggered an
increase in phase-2 intention offloading. Conversely, for the Forced Reminder group,
objective performance in phase 1 was positively related to intention offloading in phase

2, suggesting that participants who experienced successful performance using an
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intention offloading strategy were more likely to continue with the same strategy in
phase 2.

As foreseen from the power calculation, we did not detect an effect of setting
reminders on accuracy in phase 2. Nevertheless, although nonsignificant, accuracy in
phase 2 was slightly higher for the Forced Reminder group than the No Reminder
group. It is possible that an alternative task, manipulating task difficulty, would show a
stronger relationship between reminder-use and accuracy.

The results suggest that once participants find a memory strategy that works
adequately, they are likely to keep using it. We found that participants who used
reminders in the first half of the experiment were significantly more likely to rely on
this strategy again when given a free choice, suggesting that once people are in the habit
of using reminders, they keep using them. Experiment 3 seeks to further look into the

mechanisms that might explain this result.

Experiment 3

In the previous experiment, we found that the use of a cognitive offloading strategy
increased the likelihood of relying on such strategy in the future. However, two
different factors might explain the results: a) preference to use the more practiced,
initially-learned strategy, or b) simple repetition of the last strategy adopted, regardless
of how well-practised it was in the initial learning phase. The main aim of this study
was to distinguish between these two possibilities. In order to obtain an experimental
paradigm able to maximise the difference between these two explanations, we repeated
the procedure of Experiment 2 with one modification: after phase 1 participants
performed a single trial with the opposite strategy before commencing phase 2 where
they had free choice over which strategy to use. This means that just before the free-

choice trials, participants who learned the task without reminders had used reminders on
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the previous trial, and vice-versa.

Different results were expected depending on whether participants were biased
towards the strategy they used when first learning and practising the task, versus the
strategy used on the immediately preceding trial. We evaluated evidence for two main

possibilities:

e If participants were biased to repeat the strategy they used when they first
learned the task, the group that used reminders in phase 1 would be more likely
to use reminders when given a free choice in phase 2, despite the reversal-trial
between the two phases where the strategies are reversed.

e [f participants were simply biased to repeat the strategy used on the previous
trial, the opposite effect would be expected, and participants would be more

likely to repeat the strategy used on the reversal-trial.

We also considered the possibility of a combination of these effects, i.e.,
participants could be influenced both by the initial strategy and the reversal-trial
strategy. These effects would be expected to yield opposite influences and could
potentially cancel each other out. To evaluate evidence for this possibility we compared
results from this experiment to our earlier study. We acknowledge that between-
experiment comparisons are not as well-controlled as within-experiment comparisons,
nevertheless we expected that the between-experiment analyses could provide
additional useful information.

The use of reminders may affect not only the likelihood of using them again in
the future, but also performance accuracy (as well as participants’ beliefs about
performance accuracy; see Boldt & Gilbert, 2019; Gilbert, 2015b; Hu et al., 2019). We

expected to replicate the finding that the use of reminders increases performance
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accuracy. Accordingly, we hypothesised that in phase 1 participants who are initially
instructed to set reminders will be more accurate than participants who are initially
asked to solve the task using their own memory. As in Experiment 2, our main outcome
measure in phase 2 was the externalising proportion, seeing as a larger sample size
would be required to detect any group difference in accuracy. Before commencing data
collection, we preregistered our hypotheses, sample size, experimental procedure,

participant exclusion criteria, and analysis plans (https://osf.io/vg6tz/).

Method

Participants

A total of 192 participants took part in the experiment.

A statistical power analysis was performed with G*Power 3.1 for sample size
estimation. The computations were based on the results of Experiment 2. This revealed
an effect size of d = 0.65 when comparing the proportion of reminder setting between
participants who in a first phase always used reminders with those who never did. With
an alpha = .05 and power = 0.80, the projected sample size needed with this effect size
is approximately N = 76 (38 participants in each group). However, we expected to find
a smaller effect than in the previous study seeing as the reversal-trial manipulation may
weaken or even reverse any effect, which would require a larger sample. Mindful of the
intention to compare the results with those of the previous study, we decided to keep the
same sample size: N = 192 (96 participants in each group).

Participants were randomly allocated to two groups: Forced Reminders (96
participants) and No Reminders (96 participants). In the Forced Reminders condition
there were 55 male and 41 female participants with a mean age of 35+11 years (range

19-70). In the No Reminders condition there were 64 male and 32 female participants
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with a mean age of 35+10 years (range 21-68). Participation took on average 26 minutes
(minimum = 11 minutes, maximum = 2 hours 15 minutes) in the No Reminders
condition and 29 minutes (minimum = 11 minutes, maximum = 1 hour 44 minutes) in
the Forced Reminders condition, for which participants were paid $2.50. The same
exclusion criteria as in the previous experiments were used. A total of 7 participants
were excluded and replaced because they did not meet these criteria. All participants
provided informed consent before participating and the research was approved by the

UCL Research Ethics Committee.

Results

Mean arithmetic-verification accuracy was 99%. As in Experiment 2, participants rarely
clicked on nontarget circles when it was not their turn in the sequence (< 5%).
Therefore, the externalising proportions described below predominantly reflect

participants’ tendency to click target circles before it was their turn in the sequence.

Objective Accuracy

We first compared accuracy between the two groups in phase 1, using a Welsh two-
sample t-test. Accuracy was significantly higher in the Forced Reminders group than the
No Reminders group, #(161.7) = 3.89, p <.001, d = 0.56 showing, as in the previous
studies, that the use of external reminders improves task performance compared with
the use of internal memory only (see Figure 3).

Next, we conducted an independent samples t-test comparing accuracy in phase
2 between the two groups. We did not find any significant difference between the two
groups, #(190)=0.21, p = .83, d = 0.03.

Finally, we compared accuracy in each group between phase 1 and phase 2,

using a paired t-test. There was a nonsignificant drop in accuracy from phase 1 to phase
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2 in the Forced Reminders group (#(95)=1.02, p = .31, d = 0.10) and highly significant

increase in the No Reminders group (#(95)=4.71, p <.001, d = 0.48).

Reminder Setting

As our main hypothesis-testing analysis, we first compared the likelihood of using
reminders in phase 2 between the two conditions. An independent samples t-test found
no significant differences in the externalising proportion in the two groups, #(190) =
0.04, p = .97, d=0.01 (see Figure 4). A Bayesian independent samples t-test was also
conducted to investigate the strength of the evidence in favour of our hypothesis against
the null hypothesis. The test yielded a Bayes factor of 6.37 (moderate evidence) in
favour of the null hypothesis postulating that there is no difference in reminder setting
between the two conditions.

As mentioned above, we also considered the possibility that the strategy used in
phase 1, as well as the strategy used on the reversal-trial, might both have influenced
strategy choice in phase 2. These effects would operate in opposite directions and could
potentially cancel each other out leading to a reduced effect of phase-1 strategy on
phase-2 choices, or no effect at all. To explore evidence for this possibility we
compared results from this experiment to those of Experiment 2 performing a 2 x 2
ANOVA with Condition and Experiment as factors. There was a significant effect of
Condition, F(1, 380) =9.57, p =.002, np2 =.025, reflecting that on average, the
externalising proportion was higher in the Forced Reminders condition than in the No
Reminders group. There was also a significant interaction between Condition and
Experiment, F(1, 380) =9.18, p =.003, np2 =.024, showing that the influence of initial
phase-1 strategy on phase-2 reminder setting was significantly different between the
experiments. The main effect of Experiment was not significant F(1, 380) = 0.03, p =

85,1, =.00.
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Last, we performed an exploratory analysis to compare the externalising
proportion in phase 2 across experiments separately for the two groups. For the No
Reminders group, we found that the externalising proportion was marginally higher in
Experiment 3 (M = 0.60) than in Experiment 2 (M = 0.47), t(190) = 1.93, p = .056, d =
0.28. The corresponding Bayesian independent samples t-test yielded a BF of 1.14
(anecdotal evidence) in favour of the null hypothesis of no difference between
experiments. For the Forced Reminders group, the externalising proportion was
significantly higher in Experiment 2 (M = 0.74) than in Experiment 3 (M = 0.60),
#(184.85)=2.39, p = .018, d = 0.34. The corresponding Bayesian independent samples
t-test yielded a BF of 2.19 (anecdotal evidence) in favour of this cross-experiment

difference.

Relationship between Accuracy and Reminder Setting

Next, we ran a correlation between accuracy in phase 1 and reminder choice in phase 2
to investigate whether there is a relationship between performance in phase 1 and choice
to set reminders in phase 2. Correlation coefficients were positive in both groups but
nonsignificant (No Reminders: 7,(94) = .08, p = .44; Forced Reminders: r(94) = .12, p
=.24). We also combined over the two groups and ran a multiple regression where
group was a factor. The results of the regression indicated the two predictors explained
only 1% of the variance (R= .01, F(2,189) = 1.43, p = .24).

Last, we were interested in studying whether the use of reminders improves
accuracy in phase 2. We performed a multiple regression with phase-2 accuracy as
dependent variable and phase-1 accuracy and externalising proportion in phase 2 as
independent variables. We conducted this analysis separately for the two groups. For
the No Reminders group, the two predictors explained a significant amount of the

variance in phase-2 accuracy (R’ = .46, F(2,93) =39.64, p < .001). Phase-1 accuracy
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significantly predicted accuracy in phase 2 (f§ = .46, p <.001), as did externalising
proportion (f = 10.25, p <.001). Also for the Forced Reminders group the two
predictors explained a significant amount of the variance (R° = .41, F(2,93) =32.42, p <
.001). Again, phase-1 accuracy significantly predicted accuracy in phase 2 (f=.70, p <
.001), whereas externalising proportion was not a significant predictor (= 1.57, p =
54).

Along with the pre-registered analyses above, we also conducted an exploratory
analysis to examine how reminder setting varied across trials in the two groups (see
Figure 5). The graph suggests that participants were initially more likely to rely on the
strategy used in the reversal-trial and then returned to the strategy learnt originally in
the first phase of the experiment. This result was confirmed by a further analysis. We
fitted individual regression lines predicting the externalising proportion from trial
number and compared the average slopes in the two groups. The difference between the
two slopes was statistically significant (see Figure 6; #(188) =2.51, p =.013, d = 0.36.
Therefore, even though the groups did not differ significantly in the overall amount of
reminder setting in phase 2, they did differ in the temporal profile of strategy choices

over the 10 trials.

Discussion

Whereas phase-1 strategy had a strong effect on phase-2 reminder setting in Experiment
2, this effect seemed to be eliminated in the present experiment. This suggests that the
strategy perseveration effect seen in the earlier experiment can be washed out by
performing just one trial of the opposite strategy, or that the influences of phase-1
strategy (in one direction) and reversal-trial strategy (in the other) cancelled each other
out. Either way, results indicate that the influence of the strategy used when first

learning the task (seen in Experiment 2) can be modulated by the strategy used on a
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subsequent trial. Furthermore, the single-trial analysis showed that the groups differed
in the dynamics of their strategy choices over time. This contrasts with the relatively
stable strategy choices seen in Experiment 2. One interpretation of this would be that
participants’ strategy choices are influenced both by the immediately-preceding trial,
and their earlier use of strategies when first learning the task. To test such an account, it
would be necessary to manipulate the factors of phase-1 strategy and reversal-trial
strategy independently, rather than manipulating them together as in the present

experiment.

General Discussion

External memory is crucial in today’s life, but it is also changing how people use their
own memory systems (Nestojko et al., 2013). Two alternative arguments can be found
in the literature. On the one hand, offloading memory onto the environment can
overcome the limited capacity of working memory, relieve the burden on prospective
memory, and improve cognitive functioning (Finley et al., 2018). On the other hand,
externally stored information may not always be a viable replacement for internal
memory and excessive reliance on external memory sources may reduce flexible access
to internally stored knowledge, impairing in turn higher order cognition (Nestojko et al.,
2013). Similar concerns date back at least to the time of Socrates, who worried over
2000 years ago that the use of writing would “introduce forgetfulness into the soul of
those who learn it: they will not practice using their memory because they will put their
trust in writing” (Plato, approximately 370 BC/1995, p. 79). To date, despite widespread
interest in these issues (e.g., “Is Google making us stupid?”; Carr, 2008), relatively little
empirical data has been collected to address the two possibilities outlined above. We
therefore conducted the present study to collect further evidence in the context of

intention offloading to better understand the effect that the use of external reminders has
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on unaided memory ability and subsequent strategy choice.

The first aim of this study was to investigate the influence of earlier offloading
on subsequent unaided memory ability. Some previous research has suggested that the
act of cognitive offloading may have a detrimental effect on unaided memory for the
specific memories that are offloaded (Henkel, 2014; Soares & Storm, 2018; Tamir et al.,
2018). Other studies suggest that offloading memory to an external store can improve
individuals’ ability to encode and remember subsequently-presented information (Storm
& Stone, 2015). Here, we found no significant impact of earlier offloading on
subsequent performance. We suggest that the key difference between our study and the
earlier ones is as follows. In studies that report a detrimental effect of offloading on
memory (Henkel, 2014; Soares & Storm, 2018; Tamir et al., 2018), participants were
tested on their unaided recall of the very information that was either offloaded or
maintained internally. In studies that report an improvement to memory caused by
offloading (Storm & Stone, 2015), participants are tested on their unaided memory for
new information acquired whilst still maintaining earlier information that was either
offloaded or not. In both cases, the information that was originally offloaded or
maintained internally continued to be task-relevant at the time of the main hypothesis-
testing memory test. By contrast, our experiment compared two conditions where the
earlier information was no longer required when the hypothesis-testing memory test
took place, regardless of whether it was originally offloaded or maintained internally.
Our results suggest that in these circumstances, short-term use of an offloading or
internal strategy has little effect on subsequent unaided memory performance. Of
course, it is quite possible that longer-term or habitual use of an offloading or internal

memory strategy over an extended period of time might impact on unaided memory
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abilities. Investigating this question would require a different research design to the one
used here.

Furthermore, although accuracy was relatively high in our experiments (leading
to potential concerns about ceiling effects) all three experiments showed a significant
effect of cognitive offloading on performance when it was manipulated as an
experimental factor, replicating previous related findings (e.g., Gilbert, 2015b; Storm &
Stone, 2015). In addition, Experiments 2 and 3 showed that individual differences in
offloading strategies were associated with accuracy in phase 2. The finding that
offloading strategies are associated with improved task performance is highly relevant
when considering the interplay between internal and external memory. While much of
the ongoing debate since the time of Socrates has focused on whether or not offloading
has a detrimental effect on our unaided ability, it should also be recognised that not
engaging in cognitive offloading could also have a detrimental effect on our
performance, in that it can impair subsequent strategy choice, in contexts where an
offloading strategy is available and effective.

The second aim of the current study was to address this issue, by testing whether
individuals’ strategy choice is affected by previous strategies used in the context of an
intention offloading task. The results of Experiment 2 showed that once participants
were in the habit of using reminders, they continued to rely on them when given a free
choice. The findings align with previous research documenting the so-called Einstellung
effect (Luchins, 1942) or perseveration effect (Schillemans et al., 2010) showing that the
repeated implementation of a strategy increases the likelihood of using the same
strategy again. This effect might explain why in the second phase of the experiment
participants in both conditions were biased towards the strategy used in the earlier

phase. That is, this mechanism made participants blind to the possibility of using
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another strategy, even a more efficient one, such as switching to the use of reminders
for the No Reminders group. Support for this interpretation comes from the literature on
the priming effect — that is, the recent use of a specific cognitive strategy leads to a
temporary increase in the likelihood of applying the same procedure in a subsequent
task (Higgins, 1996). As a consequence, when given a free choice in phase 2,
participants might have favoured the primed strategies — i.e., the one used in phase 2 - at
the expense of the other one.

Furthermore, there is evidence showing that after switching strategy in a
cognitive task, participants exhibit longer reaction times and possibly higher error rates
than when repeating the same strategy (Lemaire & Lecacheur, 2010; Luwel et al.,
2009). It is possible that in the second phase of experiment 2 participants continued to
apply the strategy learnt in phase 1 in the attempt to avoid such a strategy-switch cost.
As noted by Schillemans and colleagues (2012), in certain situations, such as when
different strategies are almost equally valid, continuing to apply the same strategy might
be more adaptive than switching to another one because the strategy-switch cost may be
higher than the benefit obtained by the use of the more efficient strategy. This might
explain why participants in the No Reminders group kept solving the task using their
own memory, even though switching to the use of reminders could have been more
effective. Further research might be conducted manipulating the difficulty level of the
task to study the threshold between strategy-switch cost and reminder-setting benefits to
further understand these mechanisms.

It is unclear from the results of Experiment 2 whether participants were biased to
repeat the strategy they used when first learning the task, or simply the strategy
performed on the previous trial. We therefore conducted a third experiment in which we

added a strategy reversal trial between the two phases. This aligns to the existing
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research investigating the number of trials needed to observe the perseveration effect
and potential differences in the strength of the effect according to the number of
preceding trials (Schillemans et al., 2012). This research suggests that a single
application of a certain strategy can be sufficient to create a perseveration effect and
bias participants’ strategy choices on subsequent trials (Lemaire & Lecacheur, 2010;
Schillemans et al., 2012). Consistent with this, experiment 3 showed that a single
reversal-trial between phases 1 and 2 eliminated the group difference in the overall
number of reminders set in phase 2 of the task. However, the single-trial analysis
showed that the groups still differed in the temporal profile of strategy choices over the
course of 10 trials. These findings suggest that a brief intervention, potentially involving
just a single application of a particular strategy, could have a substantial effect on
individuals’ subsequent decisions whether to engage in cognitive offloading. However,
the effect of such an intervention may fade over time.

The main limitations of this study relate to the online nature of the data
collection and the reduced control over the setting in which participants provided their
responses. We cannot exclude the possibility that some participants in Experiment 2
simply did not attend to the instructions explaining that they had a free choice whether
to use reminders or their own memory in phase 2. Even though the instructions
remained on the screen until the participant clicked a button to dismiss them, it is
possible that some individuals did not fully understand them. However, this seems
unlikely to fully explain the dramatic difference in phase-2 reminder setting between the
two groups (47% versus 74%). Furthermore, even though the mean level of reminder
setting did not differ between groups in Experiment 3, the groups did differ in the way
that their phase 2 strategy shifted over time. This indicates that even when participants

were required to try both strategies before being given a free choice, there was still a
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significant effect of the earlier strategy on subsequent choice, albeit a more subtle one
than the large mean difference seen in Experiment 2.

Although online studies make it harder to control the setting in which
participants take part, this can arguably increase their generalisability seeing as
participation takes place at home rather than in an unfamiliar laboratory environment.
The demographics of online samples also tend to be more representative of the general
population, as was the case here with a larger age range than would be typical in
experimental psychology. It is well established that age-related cognitive declines can
affect memory performance, reducing accuracy, and impact upon the decision to use
cognitive offloading behaviours (Weakley et al., 2019). Research has shown that
individuals become more rigid in later adulthood (Lemaire et al., 2004; Lemaire &
Lecacheur, 2001), and this rigidity might strengthen the bias towards the repeated
application of a previously implemented strategy (Schillemans et al., 2012). This is
particularly relevant when considering how age interacts with the effect of strategy
history on cognitive offloading. Further delineating how age impacts upon the
perseveration effect and on the decision to use a cognitive offloading strategy rather
than relying on the internal memory represents an important direction for further
research.

Another promising avenue for future research is the investigation of individual
differences on offloading strategies. As pointed out by Boldt and Gilbert (Boldt &
Gilbert, 2019), cognitive offloading is idiosyncratic in that different individuals use
different aids to support their cognitive acts and different cognitive aids might be more
appropriate than others in certain situations. We cannot exclude that some participants

developed and adopted different strategies to solve the task. Future research should
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attempt to investigate individual differences in the use of cognitive offloading strategies
and potential differences and similarities across different forms of offloading.

We note that although we have used the terminology of ‘prospective memory’,
the task used here required participants to remember delayed intentions over a much
shorter time-period than standard experimental tasks (e.g., Einstein & McDaniel, 1990;
Graf & Uttl, 2001, for discussion; Smith, 2003). Nevertheless, there is evidence that the
present task has significant external validity with respect to real-world prospective
memory tasks conducted over a longer time scale: Gilbert (2015a) found that
performance of the task administered here predicted participants’ fulfilment of a
naturalistic intention embedded within their everyday activities over the course of a
week. Furthermore, the predictive ability of this task was greater than more standard
event- and time-based prospective memory tasks. Nevertheless, it would be an
interesting question for future research to investigate whether the results reported here

hold in various experimental paradigms, involving a variety of retention intervals.

Conclusion

Technological advancement has profoundly changed how we access and store
information. The possibility to offload into the environment more than we used to
in the past offers the opportunity to reduce the burden of intention maintenance in
internal memory. However, the consequences of this for future cognitive
performance are not well understood. Our results suggest that short-term use of a
cognitive offloading strategy has little influence on subsequent unaided
performance, in a context where the information that was originally offloaded or
stored internally is no longer relevant. However, there can be strong effects of

prior offloading on subsequent strategy choice. Therefore, there is a risk that not
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engaging in cognitive offloading can impair subsequent strategy choice, in

contexts where an offloading strategy is available and effective.
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Figure 1. Schematic illustration of the intention-offloading task.
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Figure 6. Group-wise distributions of individual slopes from a regression model in
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Data points outside this inner fence are shown as individual data points.
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