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Abstract
We often use tools and aids to help us achieve our cognitive goals – that is, we often offload to external supports. One such 
variety of offloading is the use of external memory stores (e.g., phones, computers, notebooks, calendars) to support memory. 
Recent work aimed at better understanding the consequences of offloading memory on aspects of unaided memory have 
revealed a clear cost to unaided memory performance when an external memory store is unexpectedly lost, but this work 
has focused on examining this cost in free-recall paradigms. Using key theoretical differences between recall and recogni-
tion, we sought to examine the influences of expecting external memory supports in a recognition memory context across 
five preregistered experiments, finding evidence for a small cost to unaided recognition memory. We found evidence for a 
specific cost in recollection (Experiments 2, 3a, and 3b). When testing the effects of expecting external memory support on 
indices of study effort, there was a reduction to study time which partially mediated the relation between expecting support 
and memory performance indices, consistent with earlier work using free recall. Individuals did not predict a cost to memory 
of losing expected support in recognition, contrasting earlier work using free recall.
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Introduction

Every day, we encounter information that we hope to 
remember. One effective way that we manage these memory 
demands is to use external memory supports. For example, 
we may make to-do lists or record important dates into an 
agenda to reduce forgetting. This approach often affords 
us the information that we intend to remember without the 
same required cognitive demands otherwise involved in 
remembering on our own, internally (i.e., a form of cogni-
tive offloading; Risko & Gilbert, 2016). Despite our long 
history of integrating such external support (e.g., Nestojko 
et al., 2013), we have only recently begun focusing on bet-
ter understanding this approach to “remembering” and the 
underlying memory processes with which it is associated.

To better understand memory processes in the context 
of using external memory supports, researchers have exam-
ined the influence of expecting such support on memory 
performance. Here, individuals are often tasked to remember 

studied information for a memory test but are also promised 
access to an external memory support at the time of testing 
(e.g., often a computer file; Eskritt & Ma, 2014; Kelly & 
Risko, 2019a, 2019b, 2022a, 2022b; Lu et al., 2020, 2022; 
Murphy, 2023a; Richmond et al., 2023; Risko & Kelly, 
2024; Risko et al., 2019, 2024; Sparrow et al., 2011; Storm 
& Stone, 2015). In one variety of these external support par-
adigms, prior to study, half of the participants are instructed 
that their externally stored (yet-to-be-remembered) informa-
tion will be available at test to aid remembering whereas the 
other half are instructed that their stored information will be 
unavailable. Critically, all individuals perform the memory 
test without access to the stored information (i.e., unaided). 
Of primary interest is how unaided memory differs depend-
ing on whether participants were instructed to expect or not 
to expect their stored information to be available.

In these experiments, participants reliably demonstrate 
significantly poorer memory performance for the to-be-
remembered information when told that their stored infor-
mation will be available compared to when told it will be 
unavailable. This relative cost to unaided memory perfor-
mance associated with those expecting external support has 
been shown to be quite robust, often appearing as a large 
or very large effect by various standards (i.e., Cohen’s d of 
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0.80 or higher; e.g., Cohen, 1988; Kelly & Risko, 2019a, 
2019b, 2022a, 2022b).1 Thus, one consequence of expecting 
external memory support is a clear cost to unaided internal 
memory performance (Kelly & Risko, 2019a, 2019b, 2022a, 
2022b; Lu et al., 2020, 2022; Murphy, 2023a; Park et al., 
2022; Risko et al., 2019; Sparrow et al., 2011).

Explaining the cost

Recent work has argued that the relative cost associated 
with expecting external memory support is attributable to 
expectations of support leading to reduced internal mne-
monic efforts at study (e.g., Eskritt & Ma, 2014; Kelly & 
Risko, 2019a, 2019b, 2022a, 2022b; Park et  al., 2022). 
This effort-based explanation draws from suggestions that 
expending effort is avoided unless necessary (Kool et al., 
2010) and that expected payoffs of investing effort ought to 
outweigh or be worth the cost of investing effort (Shenhav 
et al., 2021). In the context of a memory task, retrieval suc-
cess would typically constitute a desired payoff of investing 
costly internal study efforts to remember. When an external 
memory support containing the to-be-remembered infor-
mation is presumably available come time to “remember” 
the to-be-remembered information, equivalent (or better) 
retrieval success can be expected without the investment of 
study effort simply through access to the external memory 
support. Hence, according to a study effort hypothesis, indi-
viduals are less likely to invest study effort when expecting 
the aid of an external memory support.

Kelly and Risko (2022b) reported support for the idea that 
the cost associated with expecting external support is driven 
by differential mnemonic efforts at study. Critically, Kelly 
and Risko also found that, although a study effort explana-
tion could explain some of the cost, it could not explain all 
of the cost – that is, study effort indices partially mediated 
the relation between expecting external support (or not) and 
the resulting unaided memory performance. Further evi-
dence for the idea that study effort represents only a partial 
explanation, Kelly and Risko (submitted) demonstrated that 
expecting partial support (participants received the begin-
ning portions of to-be-remembered items) demonstrated 
a clear cost to unaided memory performance when com-
pared to expecting no support, but, critically, individuals 
who expected to receive that partial support seemed not to 

significantly differ in their study effort from those expect-
ing no external support. Therefore, the cost to memory per-
formance demonstrated by those who lost partial support 
suggests a cost to memory that cannot easily be explained 
by reduced study efforts. Taken together, differential levels 
of study effort appear to explain some but not all of the 
cost to unaided memory associated with expecting external 
memory support.

The discussed findings have provided various insights 
into the evident cost to unaided memory associated with 
expecting external support; they have all done so in the con-
text of a recall paradigm. Although free recall and recog-
nition memory often do demonstrate highly similar effects 
(e.g., temporal manipulations such as study time, massing, 
and spacing, and retention interval; Anderson & Bower, 
1972; Kintsch, 1966; Olson, 1969), there exist several con-
texts wherein recognition and recall are affected differently 
or to different extents by the same manipulation (e.g., effect 
of age-related decline – Danckert & Craik, 2013; word fre-
quency – Schwarts & Rouse, 1961; Shepard, 1967; seman-
tic association – Cofer, 1967; Kintsch, 1966; Anderson & 
Bower, 1972; incidental vs. intentional learning – Ander-
son & Bower, 1972; Dornbush & Winnick, 1967; Eagle & 
Leiter, 1964; Postman et al., 1955; although see Popov & 
Dames, 2023; list-method-directed forgetting – Sahakyan 
et al., 2009, 2013; value-directed remembering – Murphy, 
2023b), thus suggesting that they differ in theoretically 
important ways.

One salient difference between free recall and recogni-
tion that is especially relevant to the current work is that 
recognition tests provide more environmental support dur-
ing retrieval than recall tests do. That is, there is a higher 
degree of feature overlap between the environmental stimuli 
or context at study and at retrieval for recognition than for 
recall (Craik, 1994). Retrieval on a recognition test, hence, 
requires less effortful, self-initiated processing (Craik, 
1994). Given the differences between recall and recognition, 
here we extend the investigation of the potential underlying 
mechanisms of external memory support use to recognition 
memory.

The idea that expecting external memory support would 
be associated with a cost in unaided recognition memory 
draws indirect support from the item-method-directed for-
getting literature where directed forgetting is apparent in 
both free recall and recognition (item method; Basden et al., 
1993; MacLeod, 1999). Directed forgetting has been lik-
ened to offloading memory (e.g., Eskritt & Ma, 2014; Kelly 
& Risko, 2019a; Lu et al., 2020) because participants are 
presented with items that are subsequently paired with an 
instruction to either remember or forget (remember items 
and forget items, respectively, hereon in). In both directed 
forgetting and the current offloading memory procedures, 
internal memory is tested for items that presumably need 

1  Although some have argued that there is ambiguity in interpret-
ing even standardized effect sizes, we believe that our doing so in the 
present work is warranted given that (i) we outline the specific con-
text in which we are examining the effects of interest and (ii) we are 
intending to compare the standardized effects found in free recall and 
recognition, rather than on their own without context. Indeed, this 
aligns with Laken’s (2013) suggestion that “the best way to interpret 
Cohen’s d is to relate it to other effects in the literature…”.
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not be committed to internal memory. That is, the forget 
items in directed forgetting could be likened to the externally 
stored items in offloading paradigms (with the remember 
items being analogous to internally stored items).

It is noteworthy that the study effort hypothesis – that 
expecting external support leads to reduced intentional study 
efforts, resulting in a cost to unaided memory – is consist-
ent with a leading account of the intentional/directed for-
getting effect, the selective rehearsal account (Bjork, 1972; 
MacLeod, 1975; Sheard & MacLeod, 2005; Tan et al., 2020; 
see also Fellner et al., 2020). According to this account, the 
difference between remember and forget items in memory 
performance is driven by “remember” items getting selec-
tively more rehearsal (i.e., intentional study effort) than “for-
get” items, which can enhance both free recall and recogni-
tion (e.g., Rundus, 1971; Woodward et al., 1973).

Whereas we might expect an effect of offloading on rec-
ognition memory, there is also good reason to expect that 
it may be much less robust than in recall. Previous work 
comparing incidental and intentional memory suggests that 
investing intentional efforts at study may have less influ-
ence on recognition compared to free recall (Anderson & 
Bower, 1972; Dornbush & Winnick, 1967; Eagle & Leiter, 
1964; Postman et al., 1955; though see Craik, 2023, Popov 
& Dames, 2023). For example, intentional learning instruc-
tions lead to better memory performance on free recall tests 
than do incidental learning instructions, whereas this has 
been far less clear for recognition memory. Instead, inciden-
tal learning instructions often lead to recognition memory 
performance that is not worse (and is sometimes better) than 
under intentional learning instructions (Anderson & Bower, 
1972; Dornbush & Winnick, 1967; Eagle & Leiter, 1964; 
Postman et al., 1955). According to the study effort hypoth-
esis, the cost of offloading is a product of the withdrawal 
of intentional effort at study, so based on this body of work 
such a withdrawal ought to have greater consequences for 
recall than for recognition.

Recognition memory tests also provide a unique oppor-
tunity to distinguish between levels of remembering (Bas-
den & Basden, 1996; Jacoby et al., 1997; Mangels et al., 
2001; Ochsner, 2000; Ozubko et al., 2012; Yonelinas, 2002; 
Yonelinas & Jacoby, 1995). Here, individuals respond to tar-
gets and foils by indicating whether they recollect the item 
as old (e.g., remember studying it episodically), or whether 
it is familiar (e.g., they know it to be studied although they 
cannot remember it episodically), or new (the item was not 
studied). The ability to recollect in this context is thought to 
require considerable attention toward study items. Manipu-
lations at study have been found to affect recollection items 
(items reported as “remember”) differently from familiarity 
items (reported as “know”). For example, Basden and Bas-
den (1996) found an effect of directed forgetting on items 

reported as Remember2 but not on items reported as Know. 
According to a study effort hypothesis, expecting exter-
nal support should lead to lower rates of recollection than 
expecting no such support.

The relation between study effort and familiarity is argu-
ably less clear (and as such so are the predictions for famili-
arity estimates based on the study effort hypothesis). Jaco-
by’s (1991) interpretation of familiarity as largely a result of 
automatic, unintentional memory processes would lead the 
study effort hypothesis to predict little to no cost of expect-
ing external support on familiarity estimates. However, 
expecting external support could also demonstrate costs 
in familiarity if expectations of support also reduce these 
more automatic, unintentional processes. That said, prior 
work has found that memory phenomena less dependent on 
intentional efforts to remember internally (e.g., recency, von 
Restorff/isolation effects, gist-based memory) tend to be less 
affected by expecting external support than memory phe-
nomena more dependent on intentional efforts to remember 
(primacy, verbatim-based memory; Kelly & Risko, 2019a, 
2019b, 2022a; Lu et al., 2022). The study effort hypothesis 
specifically in combination with Jacoby’s (1991) interpreta-
tion of familiarity, along with prior findings, would suggest 
there should be little cost of expecting support on familiarity 
processes.

Present investigation

We investigated whether expecting external memory support 
influenced recognition performance across five preregistered 
experiments. Across experiments, we followed the same 
general procedure wherein each experiment consisted of 
five trials. At the beginning of each experiment, participants 
were instructed to write down (or type) lists of to-be-remem-
bered items. During the initial three trials, participants were 
instructed that their lists of to-be-remembered words would 
be available to facilitate their memory at test, which was 
indeed the case. Thus, these first three trials served to estab-
lish trust in the external store. Participants were told at the 
beginning of the study that they would always have access to 
their external stores except on one trial, but that they would 
be given notice of this before this trial starts (before study/
encoding). Critically, on the fourth and fifth trials, their 
external stores (the lists) were unavailable at test. Partici-
pants were only given advance notice of this on one of the 
two trials. Our main interest is in comparing recognition per-
formance when participants were told that they could expect 
their external store (told-store) to performance when they 
were told not to expect their external store (told-no-store).

2  They referred to these items as recollect items; however, they take 
on the role of remember items as described currently.
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In addition to investigating the influence of expecting 
external memory support on unaided recognition memory 
generally, we investigated its effect on indices of recollection 
and familiarity (Experiments 2, 3a, and 3b; RKN paradigm; 
Basden & Basden, 1996; Jacoby et al., 1997; Mangels et al., 
2001; Ochsner, 2000; Ozubko et al., 2012; Yonelinas, 2002; 
Yonelinas & Jacoby, 1995). According to the study effort 
hypothesis, expecting external memory support should lead 
to reduced recollection.

In the final experiment, we followed Kelly and Risko 
(2022b) by examining the influence of external store expec-
tation on study time allocation as a direct test of the study 
effort hypothesis in the context of a recognition test. We 
also extended the investigation to follow earlier work (e.g., 
Lu et al., 2022; Park et al., 2022) in considering whether 
expectations of external memory support influenced expec-
tations of recognition memory performance and metacogni-
tive accuracy in the final experiment.

Experiment 1

Experiment 1 was preregistered via the Open Science 
Framework at osf.io/e2bxm.

Method

Participants

Data were collected from 40 undergraduate students from 
the University of Waterloo, who completed this study in 
exchange for course credit. The preregistered N of 40 was 
based on an a priori power analysis with a desired power 
of 0.80 (α = 0.05, two-tailed) to detect a Cohen’s d of 0.45 
for the difference between hit rate in the told-no-store and 
told-store conditions using the dependent-samples t-test 
from G*Power. This effect size was chosen as a conserva-
tive approximation of half the effect size usually found in the 
proportion of freely recalled items between told-no-store and 
told-store conditions.

Stimuli

Stimuli comprised ten 30-item word lists generated ran-
domly from a stimulus set of 300 (available at osf.io/
y36p2). Word lengths ranged from four to ten letters and 
word frequencies ranged from three (inartistic) to 82,060 
(second) using FREQCount from SUBTLEX-UK (Van Heu-
ven et al., 2014) and from one (inartistic) to 21,384 (friend) 
using FREQCount from SUBTLEX-US (Brysbaert & New, 

2009).3 Lists were counterbalanced across trial position (i.e., 
first through fifth) and across target and foil designations.

Procedure

The experimental task was administered on desktop comput-
ers via E-Prime version 3.0 stimulus presentation software. 
Participants were invited in groups of three to four and sat 
at individual workstations separated by dividers. They were 
instructed that they would learn and save a set of to-be-
remembered words and then engage in a recognition mem-
ory test for which they would be given the saved list of items 
at test to help them in the memory test. Participants were 
told that they would repeat this procedure multiple times but 
that for one of these trials, they would not have an external 
memory support available at test (be unaided) but that they 
would be given advance notice of when this would happen 
(i.e., before the start of the trial). Participants engaged in 
a total of five trials, three trust trials wherein the external 
support was available at test as instructed, and, afterward, 
the two critical trials wherein the external memory sup-
port expectation manipulation (told-store vs. told-no-store) 
occurred. The order of these external support conditions was 
counterbalanced. Each trial comprised two main phases: a 
study phase and a recognition test phase.

Study  In the study phase, participants were presented with 
a list of 30 words one at a time; these were displayed in 
white on a black background at the center of the screen. 
Participants were provided pen and paper during each study 
phase to record the study words in list format. Each word 
was presented for 3 s with an interstimulus interval of 2.5 s, 
and participants were instructed to write down each word as 
it appeared on the screen so that it would be saved to their 
list, which they would be able to use at test.

Recognition  After a brief retention interval of 15 s, partici-
pants completed a recognition test which consisted of a total 
of 60 words, 30 studied items (targets) and 30 new items 
(foils) that were randomly intermixed. Participants were to 
respond to each item with either OLD (to identify a target 
– studied prior) or NEW (to identify a foil – not studied 
prior). As mentioned, for the three trust trials (the initial 
three trials), all participants had access to their external sup-
ports (i.e., their saved list of to-be-remembered items) as 
they were instructed at study. This portion of the task was to 
help participants establish a sense of trust that the external 

3  The SUBTLEX-US word frequencies were not available for the fol-
lowing words: midway, uncle, avenue, chapstick, foundation, carpen-
ter, stitch, harbor, matrix, raven; the SUBTLEX-UK word frequency 
was not available for the word campground.
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supports would be available when indicated given that this 
might not have matched their expectations for what partici-
pation in a memory study would entail. Importantly, on the 
critical trials (the final two trials), participants were not pro-
vided with their external supports unlike in the trust trials. 
Half of the participants were told about this beforehand right 
before the study phase (told-no-store condition) while the 
other half were not given the promised advanced notice of 
this (told-store). On the second critical trial (the final trial), 
this was also the case. Because participants were told ahead 
of time that there would only be one recognition test wherein 
they would not have their support, the logic was that those 
who had the told-no-store trial first would understand that 
to be the one test that they would not be supported for (as 
indicated in the instructions) and that this would not matter 
for those in the told-store first condition as once they found 
out they would not get the support when told they would, 
any consequence of violating their trust would have little 
influence given that they only had the told-no-store trial left.

At the end of the study, participants were asked two final 
questions to gain further insight into how they might be 
using the external supports in the context of a recognition 
memory test (similar to post-task prompts of Kelly & Risko, 
2022a, who used a free-recall procedure). The first one was: 
“Question 1. On ONE of the trials, you were NOT told ahead 
of time that you would not have access to your saved list. On 
this particular trial, what was your EXPECTED strategy on 
the recognition test?” to which participants would respond 
with [1: Rely only on saved list; 2: Rely mostly on saved 
list; 3: Rely equally on saved list and own memory; 4: Rely 
mostly on own memory; 5: Rely only on own memory]. The 
second question was: “Question 2. On ONE of the trials, you 
WERE told ahead of time that you would not have access 
to your saved list. On this particular trial, what was your 
EXPECTED strategy on the recognition test?” to which par-
ticipants responded along the same scale as in Question 1. 
As reported by Kelly and Risko (2022a), we would expect 
that for the told-store condition, the rating (from external-to-
internal) would be lower than that for the told-no-store con-
dition – that is, closer to the exclusively internal end of the 
scale (closer to the “1: Rely only on saved list” endpoint) and 
hence further from the exclusively internal end of the scale 
(further from “5: Rely only on own memory” endpoint).

Results

We preregistered the replacement of participant data if they 
showed that they were unable to follow procedures or task 
instructions (e.g., they did not write down the right words 
during encoding/study), or if performance was at or below 
chance. No participants needed replacing for not following 
procedures. While performance for three participants was 

below chance, we could not replace them in time before 
work from home restrictions due to COVID-19. Moreover, 
upon further reflection, that criterion seemed potentially 
overly restrictive, and retaining those people also allowed 
more power as intended by the preregistered N of 40. All 
results were qualitatively the same regardless of their inclu-
sion/exclusion. Data from one participant was lost due to 
technical difficulties with the E-prime program software 
bringing the final N to 39.

Statistical analyses were conducted using R version 4.3.1 
with ANOVAs conducted using the ez package (Lawrence, 
2016), mixed-effects models conducted using lme4 (Bates 
et al., 2015) and lmerTest (Kuznetsova et al., 2017), and 
t-tests and mixed-model fitting for random effects structures 
conducted using the stats package (R Core Team, 2022). For 
relevant analyses on sensitivity (d’), extreme values of 0 or 
1 for hit rate and false alarm rate were corrected by adding 
0.5 to both hit and false alarm counts to both targets and 
foils to prevent d’ values approaching negative or positive 
infinity (loglinear correction method based on Stanislaw & 
Todorov, 1999). Note that we deviate from the preregistra-
tion by reporting exploratory analyses comparing perfor-
mance indices on the final trust trial with that of the critical 
trials. Any other deviations from the preregistration (osf.io/
e2bxm) are also specified. Table 1 presents the means across 
key dependent variables during trust trials and as a function 
of external store condition for the critical trials. Data and 
analyses code for Experiment 1 are available via the Open 
Science Framework at osf.io/y36p2.

Hit rate

A paired-samples t-test revealed no difference between 
the told-no-store condition and the told-store condition 
[t(38) = 1.38, p = 0.174 d = 0.22]. Analogous mixed-effects 
logistic regression revealed that participants in the told-no-
store condition were significantly more likely to respond cor-
rectly to a target [b = 0.39, SE = 0.17, z = 2.37, p = 0.018]. 
Comparing final trust trial performance (i.e., when the 
external support was available) with critical trial perfor-
mances (i.e., when the external support was unavailable), 

Table 1   Experiment 1: Means and confidence intervals (CIs) for hit 
rate, false alarm rate, and sensitivity across trials and conditions

CIs are bias corrected, bootstrap 95% CIs using 10,000 samples

Hit rate False alarm rate Sensitivity

Trust Trial 1 0.85 [0.75, 0.88] 0.05 [0.02, 0.17] 2.85 [2.12, 3.11]
Trust Trial 2 0.86 [0.83, 0.89] 0.05 [0.03, 0.08] 2.86 [2.61, 3.10]
Trust Trial 3 0.85 [0.81, 0.88] 0.05 [0.03, 0.08] 2.91 [2.63, 3.19]
Told-no-store 0.85 [0.84, 0.91] 0.08 [0.05, 0.11] 2.66 [2.38, 2.94]
Told-store 0.82 [0.80, 0.87] 0.09 [0.07, 0.14] 2.43 [2.14, 2.74]
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paired-samples t-tests revealed no statistically significant 
differences between the final trust trial hit rate and either 
external store condition (trust: 0.85; told-no-store: 0.84; 
told-store: 0.82) [trust vs. told-no-store: t(38) = 0.24, 
p = 0.809, d = 0.04; trust vs. told-store: t(38) = 1.86, 
p = 0.071, d = 0.30], although hit rate was numerically higher 
on the trust trial in both cases.

False alarm rate

A paired-samples t-test found no significant difference 
between external support conditions for false alarm rate 
[t(38) = 1.11, p = 0.274, d = 0.18]. Analogous mixed-effects 
logistic regression revealed the same result [b = 0.01, 
SE = 0.30, z = 0.03, p = 0.974]. The final trust trial false 
alarm rate was significantly lower than the false alarm rate 
for either external store condition (trust: 0.05; told-no-store: 
0.08; told-store: 0.09) [trust vs. told-no-store: t(38) = 2.70, 
p = 0.010, d = 0.43; trust vs. told-store: t(38) = 2.46, 
p = 0.019, d = 0.39].

Sensitivity (d’)

There was no significant difference between external sup-
port conditions for discriminating between targets and 
foils [t(38) = 1.64, p = 0.110, d = 0.26]. The final trust trial 
sensitivity was significantly higher than sensitivity for 
either external store condition (trust: 2.91; told-no-store: 
2.63; told-store: 2.43) [trust vs. told-no-store: t(38) = 2.48, 
p = 0.018, d = 0.40; trust vs. told -store: t(38) = 3.65, 
p = 0.001, d = 0.59].

Correct response time (ms)

The told-no-store condition had significantly quicker correct 
responses than those in the told-store condition (told-no-
store: 829; told-store 890) [t(38) = 2.23, p = 0.032, d = 0.36].

Post‑task prompts

As mentioned at the end of the Procedure section, partici-
pants were prompted with two questions meant to elicit the 
degree to which they intended to use external supports dur-
ing the final two critical trials. Exploratory analyses (not 

preregistered) comparing the difference in rating between 
external support questions revealed that there was no signifi-
cant difference in ratings [t(37) = 0.47, p = 0.644, d = 0.08]. 
Of the told-store condition, 72% responded that they would 
rely mostly or only on their own memory, whereas 69.2% 
said the same in the told-no-store condition. Table 2 below 
presents the breakdown for internal–external ratings for 
Experiment 1.

Discussion

Experiment 1 tested whether expectations of external mem-
ory support would influence recognition memory – that is, 
whether the cost of external memory store availability found 
consistently in free recall would also manifest in recogni-
tion memory. Although most of the analyses on the mem-
ory indices were not statistically significant, the results of 
Experiment 1 do suggest that recognition memory can be 
negatively affected by expecting external memory support. 
Those told that they could expect external support demon-
strated a significantly lower hit rate (in the mixed-effects 
model but not in the t-test), and numerically lower sensitivity 
than those expecting no support. Those told that they could 
expect support also had significantly slower correct response 
times, suggesting that expecting external support influences, 
at some level, the ease with which one can remember the 
externally stored information. Thus, the results from Experi-
ment 1 provide some preliminary support for a cost from 
expecting external memory support on unaided recognition 
memory. That said, the effects found would generally be 
considered “small” (e.g., d < 0.40) especially compared to 
the large “offloading” effects often reported in free-recall 
paradigms (where sometimes d > 1.00; e.g., Kelly & Risko, 
2019a, 2019b, 2022a, 2022b).

Of note in the current work is the similarity between 
performance on trust trials (where the external support was 
available) and critical trials (where external support was not 
available). Exploratory (not preregistered) analyses demon-
strated that, although hit rate was not significantly different 
on trust trials compared to critical trials, the false alarm rate 
and sensitivity showed significant differences in the pre-
dicted directions (i.e., higher false alarm rates and lower 
sensitivity on critical trials). However, this performance ben-
efit associated with having the external store available was 

Table 2   Experiment 1: Mean ratings and proportions for each internal–external rating options as a function of prompt type (i.e., Q1: told store 
available vs. Q2: told no store available)

Mean rating
(1: list to 5: own 
memory)

1: Rely only on 
saved list

2: Rely mostly on 
saved list

3: Rely equally on 
saved list and own 
memory

4: Rely mostly on 
own memory

5: Rely only on own 
memory

Told store
Told no store

3.87
4.00

2.6%
0.0%

10.3%
23.1%

12.8%
7.7%

43.6%
15.4%

28.2%
53.8%
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negligible and much smaller than has been found in research 
using a recall task.

One explanation for the similarity in performance when 
the external store was available (trust trials) and when it 
was unavailable (critical trials) is that, arguably, participants 
were not relying on the external support during trust tri-
als as much as they could have, given that they were not 
performing at ceiling with the supports on the trust trials 
(e.g., above 95%, as in the case with free recall in earlier 
work, e.g., Kelly & Risko, 2019a, 2019b; Kelly & Risko, 
2022a, 2022b; Lu et al., 2022; Park et al., 2022). Ceiling 
performance is clearly possible given that the external store 
is available. This idea seems to garner further support from 
the ratings participants gave regarding their memory strat-
egy. Whether told to expect the external store or not, they 
reported relying heavily on their own memory. Indeed, there 
was no difference in the mean ratings of reported reliance 
(from 1: external to 5: internal) across conditions.

Kelly and Risko (2022a) asked the same question in a 
recall memory context and found that the mean rating in the 
told-no-store condition was significantly greater compared 
to that of the told-store condition (4.39 vs. 2.02 whereas 
here, 4.00 vs. 3.87). Furthermore, they found that 77% of 
those in the told-store condition reported a reliance mostly 
or exclusively on the external support (i.e., their saved list; 
see Table 2 of Kelly & Risko, 2022a) compared to the 13% 
of those in the told-store condition in the current work. In 
interpreting participants’ reported memory strategy, it is 
important to consider the possibility that the participants 
misunderstood the questions. For example, for the told-no-
store condition, 31% of participants reported expecting to 
rely equally or mostly on their saved list, which they should 
have understood would not have been possible for that trial. 
Nonetheless, these results add some additional context to 
the potential differences in how people are using external 
supports in the context of recognition memory. In particular, 
these results point to potential differences in how people use 
external memory stores as a function of the demands of the 
memory task (e.g., they might rely less on an external sup-
port in a recognition context relative to a recall context) as 
well as potential differences in the consequences of that use 
(e.g., relying on an external support may have lesser costs 
in a recognition context than a recall context).

Experiment 2

Experiment 1 provided some (but certainly not overwhelm-
ing) support for an effect of expecting external support on 
unaided recognition memory performance. In Experiment 2, 
we aimed to further test the effect of external store condition 
as a function of two ways of remembering in the context of 
recognition: recollection and familiarity (Basden & Basden, 

1996; Jacoby et al., 1997; Mangels et al., 2001; Ochsner, 
2000; Ozubko et al., 2012; Yonelinas, 2002; Yonelinas & 
Jacoby, 1995).

Recollection and familiarity

From a dual-process perspective, recollection and familiar-
ity represent two contributing processes to responses made 
during a recognition test (for a review, see Yonelinas, 2002; 
see also Donaldson, 1996; Dunn, 2004; Yonelinas et al., 
2010). Recollection is thought to be a slower, more con-
scious retrieval of the encoding context whereas familiar-
ity is thought to reflect a quicker, less detailed feeling. One 
method that has been used to index this distinction in rec-
ognition responses is the Remember/Know/New procedure 
(Jacoby et al., 1997; Mangels et al., 2001; Ochsner, 2000; 
Ozubko et al., 2012; Yonelinas & Jacoby, 1995). Here, par-
ticipants learn the distinction between items and respond 
with either R (remember), K (know), or N (new) to each item 
at test, with these responses used to index recollection and 
familiarity processes during recognition.

The ability to recollect information is dependent on how 
richly one encodes the original encoding instance – for 
example, elaborative processing increases recollection but 
not familiarity (Rajaram, 1993; survival processing – Cho 
et al., 2018). If the offloading cost is due, at least in part, to 
a lack of controlled study efforts to encode and maintain the 
stored information as predicted by a study effort hypoth-
esis, then this cost should be apparent in reports of recollec-
tion such that recollection estimates should be lower when 
expecting external support compared to when not expecting 
support. In contrast, the study effort hypothesis would pre-
dict that there is little cost to familiarity estimates, provided 
familiarity is less dependent on intentional, effortful pro-
cesses (Jacoby, 1991). Indirect support for these predictions 
come from the findings of Basden and Basden (1996), who 
found an effect of directed forgetting on items reported as 
Remember4 whereas items reported as Know showed no 
directed forgetting effect. Experiment 2 was preregistered 
via the Open Science Framework at osf.io/ap2tr.

Method

The method of Experiment 2 was the same as that of Experi-
ment 1 apart from the implementation of the Remember/
Know/New procedure instead of the standard Yes/No rec-
ognition test used in Experiment 1. Here, participants were 
asked to make a “remember,” “know,” or “new” response 
by pressing “R”, “K,” or “N”, respectively, on the keyboard. 

4  They referred to these items as recollect items; however, they take 
on the role of remember items as described currently.
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There was a 500-ms blank screen between successive words, 
with each word appearing on the screen until the participant 
pressed one of the above keys. Participants were trained to 
make “remember” responses when they had a conscious rec-
ollection of specific details/information related to the initial 
presentation of the word and to make a “know” response if 
they believed the word to have been presented before but 
did not remember specific details/information about its ini-
tial presentation. Lastly, they were asked to make a “new” 
response if they believed that they had not seen the word in 
the study before. If needed, clarification was provided.

Data were collected and analyzed from N = 55 under-
graduate students from the University of Waterloo who 
completed this study in exchange for course credit. Note 
that we originally preregistered a stopping rule of N = 60 
based on an a priori power analysis with a desired power of 
0.80 (α = 0.05, two-tailed) to detect a Cohen’s d of ~ 0.35 for 
the difference between overall sensitivity (d’) in the told-no-
store and told-store conditions using the dependent-samples 
t-test from G*Power. However, due to the COVID-19 pan-
demic and work-from-home protocols, we had to stop our 
collection prior to reaching the final N. Despite our final 
sample size being less than the intended sample size, we 
deemed it reasonable to move forward with analyses given 
the prior Experiment 1 sample size and the intent to replicate 
the investigation online in future experiments.

As mentioned earlier, we implemented the independ-
ent Remember/Know procedure to estimate the processes 
of recollection (“remember” responses) and familiarity 
(“know” responses) independently (i.e., so that they do not 
sum to 1.00; e.g., Jacoby et al., 1997; Mangels et al., 2001; 
Ochsner, 2000; Ozubko et al., 2012; Yonelinas & Jacoby, 
1995). Here, recollection estimates reflect the proportion 
of “remember” responses out of the total responses, thus, 
R = [p(“remember”)]; and familiarity estimates reflect 
the proportion of “know” responses divided by the pro-
portion of non-remember responses: F = p(“know”) / [1 
– p(“remember”)]. These estimates were each computed 
separately for targets and foils for each external support con-
dition. Note that this means that if participants responded 
with all “remember” responses, familiarity estimates could 
not be derived given a denominator of 0, hence, any partici-
pants who did so were excluded from the analyses involving 
familiarity estimates, and we report when this was necessary.

Results

As in Experiment 1, our preregistered exclusion criteria 
included participants who (i) were unable to follow proce-
dures or task instructions (e.g., they did not write down the 
right words during encoding/study), or (ii) performed at or 
below chance. Again, we relaxed the latter criterion, pre-
serving power and avoiding a potentially overly restrictive 

criterion. All results were qualitatively the same regard-
less of their inclusion/exclusion. For analyses involving 
familiarity, six participants were excluded because they 
had 100% recollection responses, which would mean a 
divisor of 0 because the divisor for the familiarity estimate 
calculation is 1 – p(“remember”).

Note that to better evaluate the effect of offloading on 
items reported as “remember” and “know,” we deviated 
from the preregistration by conducting additional simple-
effects analyses. Specifically, the preregistered analyses 
indicated the use of a 2 (told-store vs. told-no-store) × 2 
(recollection vs. familiarity) ANOVA; however, because 
we were interested in the potential effects of expecting 
support on each of recollection and familiarity regard-
less of whether these two effects differed from each other 
(i.e., regardless of the significance of the interaction in the 
2 × 2 ANOVA), we followed up the ANOVA with separate 
paired-samples t-tests on recollection and familiarity esti-
mates to examine the effect of expecting external support 
(we did this in Experiments 3a and 3b as well despite not 
preregistering these analyses initially). Table 3 presents 
the means across key dependent variables during trust tri-
als and as a function of external store condition for the 
critical trials. Data and analyses code for Experiment 2 are 
available via the Open Science Framework at osf.io/y36p2.

Hit rate

A paired-samples t-test revealed that the told-no-store 
condition had a higher hit rate than the told-store con-
dition [t(54) = 2.15, p = 0.036, d = 0.30] and analogous 
mixed-effects logistic regression confirmed the same result 
[b = 0.40, SE = 0.17, z = 2.42, p = 0.016]. Exploratory anal-
yses revealed no difference between the final trust trial 
and told-no-store critical trial hit rate (trust: 0.85; told-
no-store: 0.86; told-store: 0.82) [t(54) = 0.50, p = 0.617, 
d = 0.07], although the trust trial hit rate was significantly 
higher than that of the told-store condition [t(54) = 2.16, 
p = 0.035, d = 0.29].

Table 3   Experiment 2: Means and confidence intervals (CIs) for Hit 
rate, False alarm rate, and Sensitivity across trials and conditions

CIs are bias corrected, bootstrap 95% CIs using 10,000 samples

Hit rate False alarm rate Sensitivity

Trust Trial 1 0.84 [0.80, 0.87] 0.10 [0.07, 0.16] 2.52 [2.32, 2.70]
Trust Trial 2 0.84 [0.81, 0.86] 0.08 [0.05, 0.14] 2.65 [2.46, 2.82]
Trust Trial 3 0.85 [0.82, 0.88] 0.07 [0.04, 0.14] 2.73 [2.51, 2.94]
Told-no-store 0.86 [0.85, 0.90] 0.14 [0.11, 0.24] 2.53 [2.26, 2.79]
Told-store 0.82 [0.81, 0.87] 0.14 [0.11, 0.24] 2.29 [2.05, 2.51]
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False alarms

A paired-samples t-test revealed no significant differ-
ence between conditions for false alarm rate [t(54) = 0.47, 
p = 0.642, d = 0.06]. Analogous mixed-effects logistic regres-
sion confirmed the same result [b = 0.12, SE = 0.18, z = 0.68, 
p = 0.498]. The trust trial false alarm rate was significantly 
lower than the false alarm rate for either external store con-
dition (trust: 0.07; told-no-store: 0.14; told-store: 0.14) [trust 
vs. told-no-store: t(54) = 4.44, p < 0.001, d = 0.60; trust vs. 
told-store: t(54) = 4.04, p < 0.001, d = 0.54].

Sensitivity (d’)

Those in the told-no-store condition demonstrated 
greater sensitivity than those in the told-store condition 
[t(54) = 2.06, p = 0.045, d = 0.28]. Trust trial sensitivity was 
significantly higher than sensitivity for either external store 
condition (trust: 2.73; told-no-store: 2.46; told-store: 2.23) 
[trust vs. Told-no-store: t(54) = 2.36, p = 0.022, d = 0.32; 
trust vs. told-store: t(54) = 4.48, p < 0.001, d = 0.60].

Correct response time (ms)

There was no significant difference in correct response times 
between external support conditions (told-no-store: 1,119; 
told-store: 1,162) [t(55) = 1.19, p = 0.238, d = 0.16].

Recollection and familiarity

Targets  A 2 (told-no-store vs. told-store) × 2 (recollection 
vs. familiarity) ANOVA demonstrated no main effect of 
condition (told-no-store: 0.53; told-no-store: 0.53) [F(1, 
48) < 0.01, p = 0.984, ηG

2 < 0.01], no significant main 
effect of process (recollection: 0.58; familiarity: 0.48) [F(1, 
48) = 2.12, p = 0.152, ηG

2 = 0.02], and no significant interac-
tion such that the effect of external store expectations was 
not significantly different between recollection and familiar-
ity estimates (recollection: 0.04; familiarity: = −0.04) [F(1, 
48) = 3.43, p = 0.070, ηG

2 < 0.01]. Paired-samples t-tests (not 
preregistered) on the effect of expecting support on recol-
lection and familiarity estimates revealed no clear effect of 
expecting support on recollection [t(48) = 1.68, p = 0.100, 

d = 0.24] or familiarity [t(48) = 1.05, p = 0.299, d = 0.15] 
estimates.

Foils  A 2 (told-no-store vs. told-store) × 2 (recollection vs. 
familiarity) ANOVA demonstrated no main effect of condi-
tion (told-no-store: 0.09; told-store: 0.09), F(1, 48) < 0.01, 
p = 0.970, ηG

2 < 0.01, a main effect of process such that the 
estimates for recollection were lower than for familiarity 
(recollection: 0.06; familiarity: 0.11) [F(1, 48) = 10.43, 
p = 0.002, ηG

2 = 0.03], and no interaction (recollec-
tion: < 0.01; familiarity: < 0.01) [F(1, 48) = 0.23, p = 0.633, 
ηG

2 < 0.01]. Paired-samples t-tests (not preregistered) on 
recollection and familiarity estimates revealed no effect of 
expecting support on recollection [t(48) = 0.48, p = 0.634, 
d = 0.07] or familiarity [t(48) = 0.28, p = 0.781, d = 0.04] 
estimates.

Post‑task prompts

Exploratory analyses (not preregistered) comparing the 
difference in rating between external support questions 
revealed that there was no significant difference in mean 
rating in Experiment 2 [t(51) = 0.47, p = 0.640, d = 0.07]. 
Table 4 presents the breakdown for internal–external ratings 
for Experiment 2.

Discussion

In Experiment 2, we found results consistent with Experi-
ment 1 that more clearly supported a cost of external mem-
ory support on recognition. We found a clear effect of con-
dition on hit rate, and no clear effect on false alarm rate. 
Unlike in Experiment 1, there was a significant effect of 
condition on sensitivity, and no effect on correct response 
times. That is, in Experiment 2, we found additional evi-
dence of a small cost (d =  ~ 0.30) to recognition memory 
(through hit rate and sensitivity) when expecting external 
support, but no clear evidence that such expectations matter 
for correct response times.

Critically, we sought to extend the examination of Experi-
ment 1 by breaking recognition memory down further into 
recollection and familiarity processes in Experiment 2. This 
was based on the idea that a study effort hypothesis would 
predict that recollection estimates would be lower for those 

Table 4   Experiment 2: Mean ratings and proportions for each internal–external rating option as a function of prompt type (i.e., Q1: told store 
available vs. Q2: told no store available)

Mean rating
(1: list to 5: own 
memory)

1: Rely only on 
saved list

2: Rely mostly on 
saved list

3: Rely equally on 
saved list and own 
memory

4: Rely mostly on 
own memory

5: Rely only on own 
memory

Told store
Told no store

3.87
3.96

3.6%
5.5%

9.1%
7.3%

14.5%
20%

38.2%
18.2%

30.9%
47.3%
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expecting support than for those expecting no such sup-
port. We did not find much evidence for this idea. When 
testing this for studied items (“targets”), there was no sig-
nificant interaction between support condition and process 
type, although the differences (0.04 vs. −0.04) suggested 
that while recollection estimates were lower when expect-
ing support (compared to expecting no support), familiarity 
estimates were lower when expecting no support (compared 
to expecting support). The effect of expecting support was 
not significant for recollection or familiarity in isolation.

As in Experiment 1, the similarity between performance 
on trust trials wherein the external support was available 
and the critical trials suggest that participants might not be 
relying heavily on the external store, especially compared 
to behavior in a recall context (e.g., Kelly & Risko, 2019a, 
2019b, 2022a, 2022b; Lu et al., 2020, 2022; Morrison & 
Richmond, 2020; Park et al., 2022; Risko & Dunn, 2015). 
Specifically, exploratory analyses demonstrated that hit rate 
was not significantly different for the third trust trial com-
pared to the told-no-store condition (i.e., performance was 
the same on a trial where the participants had the to-be-
remembered words in front of them and a trial where they 
did not). Importantly, hit rate was significantly lower in the 
told-store condition than on the trust trial (i.e., when they 
did not have the words in front of them, but they thought 
they would). Furthermore, like in Experiment 1, false alarm 
rate and sensitivity showed significant differences in the pre-
dicted directions (i.e., higher false alarm rates and lower sen-
sitivity on critical trials). Thus, performance was better with 
the external store, but not much better. Also like Experiment 
1, participants did not report relying heavily on the external 
store and did not significantly differ across the told-store and 
told-no-store conditions in how much they reporting relying 
on the external store.

As mentioned, in recall, there are clear and large differ-
ences between these conditions (Kelly & Risko, 2022a). 
Again, there could have been some confusion in interpret-
ing the questions, given that for the told-no-store condi-
tion, 33% of participants implied expecting to rely equally, 
mostly, or only on their saved list, which, again, they should 
have understood would not have been possible for that trial. 
Taken together it seems that individuals are, at least to some 
extent, using the support on the trust trials though clearly not 
as much as in free recall (Kelly & Risko, 2022a).

Experiments 3a and 3b

Experiment 2 demonstrated clearer evidence than Experi-
ment 1 that expecting external support influences recogni-
tion memory. However, there was little support for a study 
effort hypothesis in terms of an effect of expecting support 
on recollection processes. In Experiments 3a and 3b, we 

aimed to put these results on a stronger footing via two 
replications with larger sample sizes. Experiment 3a was 
replicated in Experiment 3b, thus, the method and results 
are described together. Experiments 3a and 3b were prereg-
istered via the Open Science Framework at osf.io/5p8m4 and 
osf.io/kx835, respectively.

Method

Participants

Participants were undergraduate psychology students 
taking part for course credit. For Experiment 3a, data 
from N = 90 participants (44.4% female, 13.3% male; 
Mage = 21.92 years, SDage = 4.71 years)5 were collected and 
analyzed based on an a priori power analysis with a desired 
power of 0.80 (α = 0.05, two-tailed) to detect a Cohen’s d 
of ~ 0.30 for the difference between sensitivity in the told-
no-store and told-store conditions using a dependent-sam-
ples t-test in G*Power. For Experiment 3b, we collected 
and analyzed N = 120 participants (71.1% female, 23.9% 
male, 2.5% nonbinary/nonconforming; Mage = 19.93 years, 
SDage = 4.01 years) based on an a priori power analysis with 
a desired power of 0.80 (α = 0.05, two-tailed) to detect a 
Cohen’s d of ~ 0.25 for the difference between sensitivity in 
the told-no-store and told-store conditions.

Adapting to online procedure

The stimuli in Experiments 3a were those of earlier experi-
ments, just with five fewer words per list (randomly deter-
mined) such that lists were 25 items long. In Experiment 3b, 
however, we returned to using 30-item word lists using the 
same 300 words from Experiments 1 and 2 but redrawing 
items randomly to generate ten novel lists. Unlike Experi-
ments 1 and 2, the remaining experiments were collected 
online due to work-from-home protocols given the status of 
COVID-19 pandemic. The procedure for Experiments 3a 
and 3b was largely the same as earlier experiments except for 
minor amendments to allow for online data collection. These 
amendments consisted of programming the experiments in 
JavaScript including with the JSPsych framework (de Leeuw 
et al., 2023) to allow for collection via internet browsers. 
Instead of writing to-be-remembered words in a pen and 
paper list, participants typed words into a textbox during 
one-at-a-time item presentation at study so that we could 
collect their saved information. Words typed within 6 s were 
saved to a list on the left or right of the screen (randomly 

5   Demographic information was unavailable for 42.2% of partici-
pants in Experiment 3a and 2.5% of participants in Experiment 3b; 
percentages may not add up[ to 100% due to rounding.
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determined at the level of the participant) to mimic an accu-
mulating list of items much like the procedure of using pen 
and paper in earlier experiments. A final critical difference 
from earlier studies was additional exclusion criteria to help 
encourage data quality in the context of online collection 
(see Rodd, 2024, for a general guide). We elaborate on these 
exclusion criteria in the Results section below.

Results

All analyses followed the preregistration unless otherwise 
specified. As mentioned, due to moving to online data col-
lection for Experiments 3a and 3b, we preregistered the fol-
lowing replacement of participants who met these exclusion 
criteria: (1) did not type at least 85% of words for trials 
2–4 during encoding; (2) did not reach at least 80% hit rate 
for the offloading words during the first three trials when 
they had access to their typed lists; (3) indicated that they 
were not paying attention or did not make an effort during 
the task (e.g., doing something else during the experiment; 
via self-report); (4) performance during trials 4 and/or 5 
was at or below chance; (5) answered yes to writing/screen-
capturing any words to aid memory outside of the means 
offered within the experiment; (6) indicated that they would 
not like their data to be used. We opted to relax criterion (4) 
as in earlier experiments (results are qualitatively the same 
regardless of their inclusion/exclusion).

In Experiment 3a, 13 participants were replaced due to 
not encoding at least 85% of study words across trials 2–5, 
and eight participants were replaced due to not reaching 
at least an 80% hit rate on trials wherein external support 
was available (i.e., during the trust trials). In Experiment 
3b, seven participants were removed due to not encoding 
at least 85% of study words across trials 2–5, and 22 par-
ticipants were removed due to not meeting the minimum of 
80% hit rate on trials wherein external support was avail-
able (i.e., trust trials). One extra participant was collected 

in Experiment 3b, and we include them in the results below 
(results do not change with their exclusion).

As mentioned earlier, we were interested in the potential 
effects of expecting external support on recollection and 
familiarity, regardless of whether these two effects differed, 
thus we deviated from the preregistration by also conduct-
ing paired-samples t-tests on recollection and familiarity to 
examine the effect of expecting external support as we had 
done in Experiment 2. Eight participants in Experiment 3a 
and five participants in Experiment 3b were not included in 
the analyses involving familiarity estimates because they had 
100% recollection responses, which, as mentioned earlier, 
makes the computation for the familiarity estimate undefined 
given the divisor for the familiarity estimate calculation is 
1 – p(“remember”). Table 5 below presents the means across 
key dependent variables during trust trials and as a function 
of external store condition for the critical trials. Data and 
analyses code for Experiments 3a and 3b are available via 
the Open Science Framework at osf.io/y36p2.

Hits

There was no significant difference in hit rate between the 
told-store and told-no-store instruction conditions in Experi-
ment 3a (told-no-store: 0.85; told-store: 0.83) [t(89) = 1.69, 
p = 0.094, d = 0.18] but there was in Experiment 3b (told-
no-store: 0.86; told-store: 0.83) [t(120) = 2.86, p = 0.005, 
d = 0.26]. Analogous mixed-effects models revealed the 
same results [E3a: b = 0.15, SE = 0.12, z = 1.23, p = 0.219; 
E3b: b = 0.29, SE = 0.10, z = 2.80, p = 0.005]. In Experi-
ment 3a, exploratory analyses revealed hit rate was higher 
in the trust trial than for either external store condition 
(trust: 0.92; told-no-store: 0.85; told-store: 0.83) [trust vs. 
told-no-store: t(89) = 6.18, p < 0.001, d = 0.65; trust vs. told-
store: t(89) = 7.24, p < 0.001, d = 0.76. The same was found 
for Experiment 3b [trust vs. told-no-store: t(120) = 3.42, 
p = 0.001, d = 0.31; trust vs. told-store: t(120) = 5.40, 

Table 5   Experiments 3a and 3b: Means and confidence intervals (CIs) for Hit rate, False alarm rate, and Sensitivity across trials and conditions

CIs are bias corrected, bootstrap 95% CIs using 10,000 samples

Hit rate False alarm rate Sensitivity

Trust Trial 1 E3a: 0.92 [0.90, 0.93]
E3b: 0.92 [0.91, 0.93]

E3a: 0.03 [0.02, 0.05]
E3b: 0.04 [0.02, 0.06]

E3a: 3.28 [3.16, 3.41]
E3b: 3.33 [3.19, 3.45]

Trust Trial 2 E3a: 0.92 [0.90, 0.93]
E3b: 0.90 [0.89, 0.92]

E3a: 0.02 [0.01, 0.04]
E3b: 0.03 [0.02, 0.05]

E3a: 3.29 [3.16, 3.41]
E3b: 3.19 [3.07, 3.30]

Trust Trial 3 E3a: 0.92 [91, 0.94]
E3b: 0.90 [0.88, 0.91]

E3a: 0.03 [0.02, 0.05]
E3b: 0.04 [0.03, 0.07]

E3a: 3.26 [3.12, 3.39]
E3b: 3.13 [2.99, 3.26]

Told-no-store E3a: 0.85 [0.83, 0.88]
E3b: 0.86 [0.84, 0.88]

E3a: 0.11 [0.08, 0.14]
E3b: 0.13 [0.11, 0.17]

E3a: 2.49 [2.37, 2.79]
E3b: 2.46 [2.25, 2.59]

Told-store E3a: 0.83 [0.80, 0.86]
E3b: 0.83 [0.82, 0.86]

E3a: 0.12 [0.08, 0.14]
E3b: 0.15 [0.12, 0.19]

E3a: 2.47 [2.28, 2.65]
E3b: 2.22 [2.08, 2.42]
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p < 0.001, d = 0.49] (trust: 0.90; told-no-store: 0.86; told-
store: 0.83).

False alarms

There was no significant difference in false alarm rate 
between the told-no-store and told-store instruction condi-
tions in Experiment 3a [t(89) = 1.31, p = 0.195, d = 0.14] or 
Experiment 3b [t(120) = 1.96, p = 0.052, d = 0.18]. Analo-
gous mixed-effects logistic regression revealed qualita-
tively the same result in Experiment 3a [b = 0.19, SE = 0.11, 
z = 1.73, p = 0.083], but for Experiment 3b revealed that 
those in the told-no-store were more likely to incorrectly 
identify a foil as “old” [b = 0.31, SE = 0.11, z = 2.83, 
p = 0.005]. For Experiment 3a, false alarm rate was lower 
in the trust trial than for either external store condition (trust: 
0.03; told-no-store: 0.11; told-store: 0.12) [trust vs. told-no-
store: t(89) = 6.74, p < 0.001, d = 0.71; trust vs. told -store: 
t(89) = 6.65, p < 0.001, d = 0.70]. The same was found for 
Experiment 3b (trust: 0.04; told-no-store: 0.13; told-store: 
0.15) [trust vs. told-no-store: t(120) = 8.21, p < 0.001, 
d = 0.75; trust vs. told-store: t(120) = 8.96, p < 0.001, 
d = 0.81].

Sensitivity

There was no significant difference in sensitivity between the 
told-no-store and told-store instruction conditions in Exper-
iment 3a [t(89) = 1.41, p = 0.161, d = 0.15], but there was 
in Experiment 3b [t(120) = 3.04, p = 0.003, d = 0.28]. For 
Experiment 3a, sensitivity was higher in the trust trial than 
for either external store condition (trust: 3.26; told-no-store: 
2.49; told-store: 2.37) [trust vs. told-no-store: t(89) = 8.97, 
p < 0.001, d = 0.95; trust vs. told -store: t(89) = 9.76, 
p < 0.001, d = 1.03]. Again, the same was found for Experi-
ment 3b (trust: 3.13; told-no-store: 2.46; told-store: 2.22) 
[trust vs. told-no-store: t(120) = 8.28, p < 0.001, d = 0.75; 
trust vs. told-store: t(120) = 11.14, p < 0.001, d = 1.01].

Correct response time (ms)

There was no significant difference in response times for cor-
rect responses between conditions in Experiment 3a (told-
no-store: 1,512; told-store: 1,534) [t(89) = 1.42, p = 0.159, 
d = 0.15] but there was a significant difference in Experiment 
3b such that those in the told-no-store condition had slower 
correct response times (told-no-store: 1,603; told-store: 
1,478) [t(120) = 2.17, p = 0.032. d = 0.20].

Process estimates

Targets  In Experiment 3a, a 2 (told-no-store vs. told-
store) × 2 (recollection vs. familiarity) ANOVA demonstrated 

a main effect of condition, such that process estimates were 
higher in general for the told-no-store condition than for the 
told-store condition (told-no-store: 0.59; told-store: 0.55) 
[F(1, 89) = 4.29, p = 0.041, ηG

2 < 0.01]. There was also a 
main effect of process such that the estimates were lower for 
recollection than for familiarity (recollection: 0.51; familiar-
ity: 0.62) [F(1, 89) = 5.76, p = 0.019, ηG

2 = 0.04]. The effect 
of external store did not differ between processes (recol-
lection: 0.05; familiarity: 0.02) [F(1, 89) = 1.05, p = 0.309, 
ηG

2 < 0.01]. Paired-samples t-tests (not preregistered) on 
recollection and familiarity estimates revealed a signifi-
cant effect of expecting support on recollection estimates 
[t(84) = 2.86, p = 0.005, d = 0.31] but not on familiarity esti-
mates [t(84) = 0.72, p = 0.382, d = 0.08].

In Experiment 3b, a 2 (told-no-store vs. told-store) × 2 
(recollection vs. familiarity) ANOVA demonstrated no main 
effect of condition on estimates (told-no-store: 0.57; told-
store: 0.55) [F(1, 115) = 2.12, p = 0.148, ηG

2 < 0.01], and 
no main effect of process on estimates (recollection: 0.57; 
familiarity: 0.54) [F(1, 115) = 0.39, p = 0.532, ηG

2 < 0.01]. 
The effect of external store condition did not differ between 
processes (recollection: 0.03; familiarity: 0.01) [F(1, 
115) = 0.35, p = 0.555, ηG

2 < 0.01]. Paired-samples t-tests 
(not preregistered) on estimates revealed a significant 
effect of expecting support on recollection [t(115) = 2.17, 
p = 0.032, d = 0.20] but not on familiarity [t(115) = 0.24, 
p = 0.662, d = 0.04].

Foils  In Experiment 3a, a 2 (told-no-store vs. told-store) × 2 
(recollection vs. familiarity) ANOVA demonstrated no 
main effect of condition (told-no-store: 0.05; told-store: 
0.06) [F(1, 84) = 1.96, p = 0.166, ηG

2 < 0.01]. There was a 
main effect of process such that the estimates were lower 
for recollection than for familiarity (recollection: 0.03; 
familiarity: 0.09) [F(1, 84) = 27.45, p < 0.001, ηG

2 = 0.09]. 
The effect of external store did not differ between processes 
(recollection: −0.01; familiarity: −0.01;) [F(1, 84) < 0.01, 
p = 0.957, ηG

2 < 0.01]. Paired-samples t-tests (not preregis-
tered) on estimates revealed no effect of expecting support 
on recollection or familiarity estimates in Experiment 3a 
[recollection: t(84) = 1.52, p = 0.132, d = 0.17; familiarity: 
t(84) = 0.88, p = 0.382, d = 0.10].

In Experiment 3b, a 2 (told-no-store vs. told-store) × 2 
(recollection vs. familiarity) ANOVA demonstrated no 
main effect of condition (told-no-store: 0.07; told-store: 
0.08) [F(1, 115) = 2.32, p = 0.130, ηG

2 < 0.01]. There was 
a main effect of process such that the estimates were lower 
for recollection than for familiarity (recollection: 0.06; 
familiarity: 0.10) [F(1, 115) = 8.33, p = 0.004, ηG

2 = 0.02]. 
External store condition did not differ between processes 
(recollection: −0.01; familiarity:—0.01) [F(1, 115) = 0.06, 
p = 0.815, ηG

2 < 0.01]. Paired-samples t-tests (not preregis-
tered) on estimates revealed no effect of expecting support 
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on recollection or familiarity estimates in Experiment 3b 
[recollection: t(115) = 0.95, p = 0.343, d = 0.09; familiarity: 
t(115) = 1.20, p = 0.233, d = 0.11].

Post‑task prompts

As done in prior experiments, the exploratory analyses 
compared the difference in rating between external support 
questions. These analyses revealed that the mean rating was 
significantly lower in the told-store condition than in the 
told-no-store condition (i.e., towards the “1: Rely only on 
saved list” endpoint of the scale) in both Experiments 3a 
[t(88) = 6.32, p < 0.001, d = 0.67] and 3b [t(119) = 9.61, 
p < 0.001, d = 0.88]. Many participants still reported a reli-
ance mostly or only on internal memory in both Experiments 
3a (53.3%) and 3b (52.9%) for the told-store condition. 
Table 6 below presents the breakdown for internal–external 
ratings for Experiments 3a and 3b.

Discussion

In Experiments 3a and 3b, we aimed to elucidate the effects 
of external support on recognition memory performance 
replicating the method of Experiment 2 in an online setting 
with increased power. Overall, the evidence for an influ-
ence of expecting external memory support on recognition 
memory was mixed. There was no significant cost to hit rate 
or sensitivity in Experiment 3a but there was a significant 
cost to hit rate and sensitivity in Experiment 3b, the latter 
paralleling the results of Experiments 1 and 2. There was no 
effect of external store condition on false alarm rate across 
Experiments 3a or 3b, except for the mixed model analysis 
of Experiment 3b suggesting a higher likelihood of false 
alarming for those expecting external support. The effects of 
expecting external support on correct response times appear 
unclear given that Experiment 3a suggested no significant 
effect of expecting support on correct response time (like 
Experiment 2), which was not the case in Experiment 1 
(wherein expecting no support demonstrated significantly 

quicker correct response times) or in Experiment 3b 
(wherein expecting no support demonstrated significantly 
slower response times).

Overall, a clear picture seems to be emerging despite 
some inconsistencies across analyses in terms of statistical 
significance. With respect to hit rate and sensitivity across 
all experiments so far, performance has been consistently 
numerically lower for those told that they can expect exter-
nal support compared to those told to expect no support 
– that is, in the direction of a cost to expecting external sup-
port. The effect was statistically significant in some cases 
but not in others. Thus, it would seem reasonable to argue 
for a small cost of expecting external support on recognition 
memory performance.

In Experiments 3a and 3b, we continued our examina-
tion from Experiment 2 of the potential influence of expect-
ing external support on recollection and familiarity more 
specifically and with increased power. Neither Experiment 
3a nor Experiment 3b demonstrated significant interactions 
between external store condition and recognition process 
although, in both experiments, familiarity demonstrated no 
effects of external store condition while recollection esti-
mates demonstrated a cost in the told-store condition com-
pared to the told-no-store condition. Thus, there is some 
evidence that expectations of external support affect recol-
lection. What is less clear from the study effort hypothesis 
is whether expectations of external support influence recol-
lection significantly more than familiarity. That is, familiar-
ity might increase with intentional study effort processes; 
however, it could also be driven by unintentional processes 
in the current context. Together, the results of Experiments 
2, 3a, and 3b suggest that if there is a differential influence of 
external support expectations on recollection versus famili-
arity estimates, it is small and difficult to consistently detect. 
Indeed, this conclusion parallels the conclusions we can 
draw from the general influence of external support expec-
tations on recognition memory performance. If the effect 
exists, it appears to be small and difficult to reliably detect, 
although the numerical patterns in the data are relatively 
consistent across the four experiments so far.

Table 6   Experiments 3a and 3b: Mean ratings and proportions for each internal–external rating options as a function of prompt type (i.e., Q1: 
told store available vs. Q2: told no store available)

Mean Rating
(1: list to 5: own 
memory)

1: Rely only on 
saved list

2: Rely mostly on 
saved list

3: Rely equally on saved 
list and own memory

4: Rely mostly on 
own memory

5: Rely only 
on own 
memory

E3a
Told-store
Told-no-store

3.42
4.42

5.6%
0.0%

13.3%
6.7%

27.8%
7.8%

40.0%
22.2%

13.3%
62.2%

E3b
Told-store
Told-no-store

3.42
4.60

4.1%
0.0%

18.2%
2.5%

24.9%
8.3%

38.0%
16.5%

14.9%
72.7%
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As done in the earlier experiments, we also conducted 
exploratory analyses on whether performance differed on 
the final trust trial compared to the critical trials (wherein 
the told-no-store vs. told-store condition manipulations 
occurred). The results were much clearer here than in the 
earlier experiments, with clear and consistently superior 
performance on trust trials compared to critical trials. Thus, 
Experiments 3a and 3b corroborate that people are, indeed, 
using external supports when available on the trust trials. 
This was also clearer in participants’ reported memory 
strategy in Experiment 3a and 3b. When rating the cho-
sen strategy from external (relying on list only) to internal 
(relying on own memory only), ratings in Experiments 3a 
and 3b did differ significantly as a function of external store 
condition such that for the told-store condition, participants 
reported relying on the external memory store more. That 
said, most people even in this condition reported choosing to 
rely mostly or only on their own memory. This still contrasts 
with results found in recall (here, over 50% whereas it was 
13% from Kelly & Risko, 2022a). The difference between 
Experiments 3a and 3b could reflect the different samples 
used (i.e., in person vs. online), the different implementa-
tions of external support (i.e., written on paper vs. appearing 
on screen), and/or the different exclusion criteria employed 
(e.g., participants were excluded if they were not using the 
store as instructed).

Experiment 4

In the earlier experiments, we derived a prediction from the 
study effort hypothesis that expectations of external sup-
port could incur a cost to unaided recognition memory per-
formance, and in particular, to recollection. Given the evi-
dence that such a cost seems “small,” we take a step back in 
Experiment 4 to examine the extent to which study effort can 
explain this observed cost. Thus, in Experiment 4 we shift 
our focus away from dissecting recognition into recollection/
familiarity and toward more directly testing the feasibility of 
a study effort hypothesis in the current context of recogni-
tion memory.

Previous work has used study time allocation during self-
paced study as an indicator of study effort (e.g., Ariel et al., 
2015; Dunlosky & Thiede, 1998; Kelly & Risko, 2022b; 
Mazzoni & Cornoldi, 1993; Metcalfe & Kornell, 2005). 
Hence, in Experiment 4, we test the study effort hypoth-
esis by indexing the study time allocation of participants 
in a self-paced adaptation of our current general method. If 
there is a cost to recognition memory of expecting external 
support, and this is driven by differences in study effort, 
then we should see that this cost is mediated (at least in 
part) by our index of study effort: study time. Alternatively, 
the smaller/null effect we have found in recognition might 

reflect individuals not modulating study efforts in response 
to expecting external support in the context of recognition 
memory and/or any modulation of study effort not influenc-
ing recognition memory performance.

A secondary interest that we had in Experiment 4 was to 
explore the potential influence of expecting external sup-
port on expectations of recognition memory performance 
through eliciting performance predictions as a metacognitive 
index (e.g., Lu et al., 2022; Park et al., 2022). We collected 
predictions of memory performance and tested whether the 
external store manipulation influenced predictions and the 
accuracy of those predictions. Previous work in the context 
of free recall has found that people predict a cost to memory 
performance upon losing expected support (e.g., Park et al., 
2022). Examining whether this general finding would extend 
to the current context of recognition memory should provide 
additional insight into the metacognitions associated with 
offloading memory. That is, how does the test type (i.e., rec-
ognition vs. recall) affect people’s predictions about how the 
loss of an expected memory store influences their memory 
performance?

A final interest that we had in Experiment 4 is whether 
the expectation of external memory support at study could 
lead to changes in response bias upon testing. For example, 
people who expected to be supported externally but were 
actually unaided at test could have less internal memory 
evidence to call upon during the recognition memory test, 
which could lead to response bias. If so, they could respond 
conservatively (being less likely to accept an item as stud-
ied), or they could respond liberally (being more likely to 
accept an item as studied), trying to increase hit rate (at 
the cost of increased false alarms). Such response strategies 
provide further context to the influence of losing expected 
support upon decision making during retrieval. The prereg-
istration for Experiment 4 is available via the Open Science 
Framework at osf.io/qjgct.

Method

Data from 118 participants (58.5% female, 35.3% male; 
MAge = 38.82 years, SDAge = 13.20 years),6 each paid GBP 
7.50 as compensation for their participation, were collected 
and analyzed from PROLIFIC based on an a priori power 
analysis with a desired power of 0.80 (α = 0.05, two-tailed) 
to detect a Cohen’s d of ~ 0.25. The procedure generally fol-
lows that of the prior experiments except that we moved 
away from the “Remember/Know/New” procedures of 
Experiments 2, 3a, and 3b and returned to the Old/New 

6  Demographic information was unavailable for 5.1% of participants 
in Experiment 4. Percentages may not add up to 100% due to round-
ing.
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response options from Experiment 1. Again, participants 
completed five trials in total, three trust trials wherein the 
external store was available (as instructed) and two critical 
trials on which the store was not available at test but wherein 
notice of this was given prior to the study phase only on one 
trial (the order of these critical trials was counterbalanced).

On the final three trials (i.e., the final trust trial with list 
available, and the two critical trials without list available), 
performance predictions were elicited by asking “How accu-
rate do you think you will be in terms of % correct on the 
memory test [with/without] your list available? A correct 
response is when you correctly respond ‘old’ to items pre-
sented during study and ‘new’ to items not presented dur-
ing study.” Participants were then given the option to select 
0–100% in 5% increments. Word items were identical to 
those of Experiments 1, 2, and 3b, with item lists identical 
to that of Experiment 3b. As is the case throughout these 
experiments, lists appeared in all trial positions (1–5) and as 
both target and foil lists. We did not include the two memory 
strategy question prompts for this fifth experiment, given the 
generally converging findings from earlier experiments that 
individuals do not tend to rely heavily on external supports 
in the current context of recognition memory and given the 
potential confusion participants were having with answer-
ing the prompts (particularly in the case of Experiments 1 
and 2).

Results

We had the same exclusion criteria for participants as in 
Experiments 3a and 3b (and we also relaxed the fourth cri-
terion of at least chance performance on critical trials, again, 
results did not differ regardless of their inclusion/exclusion). 
Six participants were excluded for not having the minimum 
of 80% encoding accuracy into the external support and 15 
participants for not reaching the minimum 80% hit rate on 
the trust trials where external support was available. Note 
that we preregistered outlier analyses on study time and that 
we foreground the results with outliers removed at the trial 
level (i.e., for every participant). Analyses that include these 
outliers were also conducted and we note where there are 
deviations from the main foregrounded analyses. Two par-
ticipants did not provide critical trial predictions of perfor-
mance: They are excluded from analyses of predictions and 
metacognitive accuracy.

Given that the manipulation of external support is within-
participant, we followed the recommendations of Montoya 
& Hayes (2017) and conducted the critical mediation analy-
sis in SPSS with their macro MEMORE and the percentile 
bootstrap confidence interval method (10,000 samples). We 
deviated from the preregistration by analyzing whether study 
time mediated the relation between external store condition 
and recognition performance rather than whether change in 

study time mediated the relation. This is because the change 
in study time measure for each external support condition 
would be calculated by subtracting the prior trust trial study 
time, but the external support conditions share this trust 
trial study time, hence, the same value would be subtracted 
from the study times of both the told-no-store and told-store 
conditions, rendering it equivalent to comparing the study 
time measures for these conditions (see this same note when 
testing the effect of external store condition on study time). 
We focus the mediation analyses on our main measures of 
performance including hit rate (i.e., the performance of 
items that have an associated study time), sensitivity, and 
percentage correct.

In addition to study time, we introduced a general recog-
nition performance index of percentage correct given that 
the predictions elicited from participants were for percentage 
correct (to facilitate ease of interpretation). We also added 
an examination of response bias or decision criterion, C, to 
determine whether expecting support affected how liberal 
(i.e., more likely to say “old”; C < 0) or conservative (i.e., 
more likely to say “new”; C > 0) responses were, with the 
formula for C as [−1/2 * [z(H) + z(F)] (Macmillan & Creel-
man, 1990; Stanislaw & Todorov, 1999).

The preregistration for Experiment 4 differed from that of 
earlier experiments by foregrounding mixed-effects regres-
sion analyses over analogous paired t-tests where applica-
ble. Dues to an oversight, we did not preregister analyses on 
metacognitive predictions, so we deviate from the preregis-
tration by adding an analysis of the effect of external store 
condition on predicted performance. All other analyses fol-
lowed the preregistration unless otherwise specified. Table 7 
presents the means across key dependent variables during 
trust trials and as a function of external store condition for 
the critical trials. Data and analyses code for Experiment 
4 are available via the Open Science Framework at osf.io/
y36p2.

Hit rate

There was a significant effect of condition on hit rate such 
that those in the told-no-store condition were more likely 

Table 7   Experiment 4: Means and confidence intervals (CIs) for Hit 
rate, False alarm rate, and Sensitivity across trials and conditions

CIs are bias corrected, bootstrap 95% CIs using 10,000 samples

Hit rate False alarm rate Sensitivity

Trust Trial 1 0.93 [0.92, 0.94] 0.02 [0.02, 0.03] 3.33 [3.23, 3.43]
Trust Trial 2 0.89 [0.88, 0.90] 0.03 [0.02, 0.04] 3.14 [3.03, 3.25]
Trust Trial 3 0.91 [0.90, 0.93] 0.02 [0.01, 0.03] 3.32 [3.21, 3.42]
Told-no-store 0.81 [0.79, 0.84] 0.15 [0.13, 0.18] 2.13 [1.98, 2.29]
Told-store 0.75 [0.73, 0.78] 0.16 [0.14, 0.19] 1.83 [1.69, 1.97]
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to correctly identify a target as “old” than those in the told-
store condition [b = 0.47, SE = 0.08, z = 5.61, p < 0.001; 
t(119) = 5.31, p < 0.001, d = 0.49]. Exploratory analyses 
revealed that trust trial hit rate was significantly higher than 
hit rate for either external store condition (trust: 0.91; told-
no-store: 0.81; told-store: 0.75) [trust vs. told-no-store: trust 
vs. told-no-store: t(117) = 7.95, p < 0.001, d = 0.73; trust vs. 
told-store: t(117) = 11.14, p < 0.001, d = 1.03].

False alarm rate

There was no significant effect of condition on likelihood of 
incorrectly identifying a foil as “old” [b = 0.22, SE = 0.12, 
z = 1.84, p = 0.066; t(117) = 1.57, p = 0.120, d = 0.14]. Trust 
trial false alarm rate was significantly lower than false 
alarm rate for either external store condition (trust: 0.02; 
told-no-store: 0.15; told-store: 0.16) [trust vs. told-no-
store: t(117) = 9.95, p < 0.001, d = 0.92; trust vs. told-store: 
t(117) = 12.71, p < 0.001, d = 1.17].

Sensitivity (d’)

There was a clear effect of condition on sensitivity such 
that those in the told-no-store condition had higher sensi-
tivity than those in the told-store condition [t(117) = 4.23, 
p < 0.001, d = 0.40]. Trust trial sensitivity was significantly 
higher than sensitivity for either external store condition 
(trust: 3.32; told-no-store: 2.13; told-store: 1.82) [trust vs. 
told-no-store: t(117) = 14.05, p < 0.001, d = 1.29; trust vs. 
told -store: t(117) = 18.83, p < 0.001, d = 1.73].

Correct response time (ms)

There was no significant effect of external store condition 
on correct response time (told-no-store: 1,319; told-store: 
1,269) [b = 54.03, SE = 47.80, t = 1.15, p = 0.251].

Response bias (C)

There was a significant effect on response bias such that 
those in the told-no-store condition were significantly less 
liberal in their response bias than those in the told-store con-
dition (told-no-store: 0.09; told-store: 0.18) [t(117) = 2.85, 
p = 0.005, d = 0.26]. Exploratory one-sided t-tests revealed 
that the bias of those in both conditions (not preregistered) 
was significantly different from zero, indicating a clear ten-
dency to respond “yes” to items [told-no-store: t(117) = 2.71, 
p = 0.008, d = 0.25; told-store: t(117) = 4.94, p < 0.001, 
d = 0.46].

Percentage correct

There was a significant effect of condition on percentage 
correct: Those in the told-no-store condition performed bet-
ter than those in the told-store condition [b = 0.04, SE = 0.01, 
t = 4.59, p < 0.001; t(117) = 4.53, p < 0.001, d = 0.42].

Study time

The effect of condition on change in study time was sig-
nificant such that moving from the trust trial to the told-no-
store trial had a significantly larger effect on study time than 
did moving from the trust trial to the told-store trial (told-
no-store: + 222 ms; told-store: −101 ms) [t(117) = 3.74, 
p < 0.001, d = 0.34]. While we followed the preregistered 
analysis of conducting this test on change in study time 
(from trust trial to critical trial), this is equivalent to analyz-
ing the actual study time on the critical trials as a function 
of external support condition (told-no-store: 3,342 ms vs. 
told-store: 3,020 ms) given that computing change in study 
time means subtracting the same amount of time on the trust 
trial for each external store condition (i.e., the external store 
conditions share the baseline comparison of the final trust 
trial) [t(117) = 3.74, p < 0.001, d = 0.34].

Correlations between study time and performance indices

To gain a better sense of the relation between study effort 
and recognition performance, exploratory (i.e., not prereg-
istered) correlation analyses were conducted between study 
time and each key performance index (hit rate, false alarm 
rate, and sensitivity) separately for each external support 
condition. In the told-no-store condition, study time was sig-
nificantly correlated with hit rate [r(116) = 0.23, p = 0.011] 
and sensitivity [r(116) = 0.25, p = 0.007], but was not sig-
nificantly correlated with false alarm rate [r(116) = −0.09, 
p = 0.347]. For the told-store condition, study time was sig-
nificantly correlated with false alarm rate [r(116) = −0.19, 
p = 0.035], and sensitivity [r(116) = 0.25, p = 0.006] but not 
with hit rate [r(116) = 0.10, p = 0.304].

Mediation analyses

Study time mediating hit rate  Given that there was an effect 
of external store condition on unaided hit rate, and an effect 
of external store condition on study time, we conducted a 
mediation analysis examining whether the relation between 
external store condition and hit rate was mediated by study 
time. Here, there was no significant mediation of study time 
[indirect effect: 0.006, CI95 (−0.001, 0.017)] and the effect 
of external store condition on hit rate [total effect: b = 0.06, 
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SE = 0.01, t = 5.04, p < 0.001] remained robust when con-
trolling for the mediator [direct effect: b = 0.05, SE = 0.01, 
t = 4.24, p < 0.001] (see Fig. 1).

Study time mediating sensitivity  Given an effect of external 
store condition on unaided sensitivity, and an effect of exter-
nal store condition on study time, we conducted a mediation 
analysis examining whether the relation between external 
store condition and sensitivity was mediated by study time. 
Here, we did find evidence that study time mediated the 
relation between external store condition and sensitivity 
[indirect effect: 0.070, CI95 (0.015, 0.142)] and the effect of 
external store condition on sensitivity [total effect: b = 0.31, 
CI95 (0.159, 0.451), SE = 0.07, t = 4.13, p < 0.001] remained 
robust when controlling for the mediator [direct effect: 
b = 0.24, CI95 (0.081, 0.390), SE = 0.08, t = 3.02, p = 0.003] 
(see Fig. 2).

Study time mediating percentage correct  Finally, we con-
ducted a mediation analysis examining whether the relation 
between external store condition and percentage correct was 
mediated by study time. Here, we also found evidence of 
study time as a mediator [indirect effect: 0.008, CI95 (0.001, 
0.016)] and, again, the effect of external store condition on 
percentage correct [total effect: b = 0.04, CI95 (0.021, 0.057), 
SE = 0.01, t = 4.31, p < 0.001] remained robust when control-
ling for the mediator [direct effect: b = 0.03, CI95 (0.013, 
0.051), SE = 0.01, t = 3.27, p = 0.001] (see Fig. 3).

Predicted percentage correct

There was no significant effect of condition on predictions, 
t(115) = 1.08, p = 0.281, d = 0.10 (told-no-store: 0.52; told 
store: 0.50; not preregistered). Exploratory analyses testing 
the influence of condition order (told-no-store-first vs. told-
store-first) on this result revealed that for those in the told-
no-store-first order condition predicted worse memory upon 
losing expected support compared to expecting no support, 
t(57) = 4.16, p < 0.001, d = 0.55 (told-no-store: 0.56; told 
store: 0.48). In contrast, those in the told-store-first order 

Fig. 1   Experiment 4: Study time as a mediator on the relation 
between external store condition and unaided hit rate. * p < 0.05, ** 
p < 0.01, *** p < 0.001, ns nonsignificant

Fig. 2   Experiment 4: Study time as a mediator on the relation 
between external store condition and sensitivity. * p < 0.05, ** 
p < 0.01, *** p < 0.001, ns nonsignificant

Fig. 3   Experiment 4: Study time as a mediator on the relation 
between external store condition and percentage correct. * p < 0.05, 
** p < 0.01, *** p < 0.001, ns nonsignificant

Table 8   Experiment 4: Relation between predictions of memory performance and actual performance indices

* p < 0.05, ** p < 0.01, *** p < 0.001, ns nonsignificant

Index of memory performance

% Correct Hit rate False alarm rate Sensitivity (d’)

Final trust trial 0.32 *** 0.18 ns −0.34 *** 0.35 ***
Told store 0.39 *** 0.25 ** −0.28 ** 0.37 ***
Told no store 0.33 *** 0.15 ns −0.37 *** 0.32 ***
Statistical comparison between external 

store conditions
ns ns ns ns
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condition predicted better memory upon losing expected 
support compared to expecting no support t(57) = 3.58, 
p = 0.001, d = 0.47 (told-no-store: 0.48; told store: 0.53).

Metacognitive accuracy  Correlations of predicted and actual 
performance indices, with the correlations being compared 
statistically as a function of external store condition, are pre-
sented in Table 8. All correlations between predicted per-
formance and actual memory performance were significant 
for each external support condition and index of memory 
performance except in the case of predicted performance and 
hit rate for the told-no-store condition. None of the correla-
tions significantly differed as a function of external support 
condition.

Exploratory mini meta‑analysis

Using the metafor package in R (Viechtbauer, 2010), we 
conducted an exploratory meta-analysis to get a better sense 
of the overall effect of expecting support on recognition per-
formance across the k = 5 experiments. To reduce the num-
ber of analyses, we focused on the recognition performance 
index of sensitivity given that it incorporates performance 
on both targets and foils. The overall effect size was 0.28 
(SE = 0.05, CI95[0.18, 0.38], z = 5.68, p < 0.001, see Fig. 4 
for the forest plot of the individual study estimates and over-
all effect). While study estimates ranged from 0.15 to 0.40, 
heterogeneity across experiments was negligible (τ2 < 0.001, 
I2 < 0.01%, Q(4) = 3.09, p = 0.543).

Discussion

In Experiment 4, external support condition significantly 
affected hit rate, sensitivity, and overall percentage correct 
in the recognition test, such that all were significantly lower 
when told to expect external support (although no support 

was available). Thus, Experiment 4 provided clear evidence 
of a cost to unaided recognition memory from expecting 
external support. Indeed, these findings of a cost to recog-
nition performance were further supported by an explora-
tory mini meta-analysis on sensitivity across the present 
five experiments. The mini meta-analysis provided robust 
evidence of a cost to recognition memory when expecting 
external support across the experiments which demonstrated 
minimal between-experiment variability.

Given this cost of external memory support expectations 
to recognition memory, one of the main aims in Experiment 
4 was to test whether differences in study effort (i.e., study 
time as an index) could explain this effect. We found a clear 
effect of external support condition on study time such that 
those who were aware of the unavailable external support 
(told-no-store condition) increased study time significantly 
more than those not told of this ahead of time (told-store 
condition), thus, supporting the idea that expecting external 
support influences study time even in the context of recogni-
tion memory. In addition, the mediation analysis revealed a 
significant partial mediating influence of study time on the 
relation between expecting support and resulting memory 
for two of the three performance indices (i.e., sensitivity 
and % correct). Therefore, the cost to recognition associated 
with expecting external support can be partially explained 
by a study effort hypothesis. This is consistent with recent 
work suggesting that expecting support (i.e., expecting being 
able to offload) can lead to costs not completely explicable 
in terms of study effort (Kelly & Risko, 2022b).

In Experiment 4, we were also curious about how the loss 
of expected support might influence decision making during 
the recognition memory test. Thus, we examined whether 
expecting support affected response bias (conservative ver-
sus liberal) given that the lower memory performance of 
the told-store condition suggests that participants have less 
evidence in memory to call upon during testing. In general, 

Fig. 4   Forest plot of the effect of expecting support on sensitivity across experiments
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results suggest that participants tended to respond liberally 
(a tendency to respond “old”) given that the positive c val-
ues in both external support conditions differed significantly 
from 0, a value which represents the absence of bias. In 
comparing external support conditions, those told to expect 
support were significantly more liberal in their responding 
on the recognition test, thus, the unexpected loss of external 
support led to a higher propensity to respond “old.” The cur-
rent findings are consistent with the idea that individuals try 
to compensate for the loss of expected support by maximiz-
ing hit rate (i.e., not missing a studied item) at the cost of 
increasing false alarm rate.

Our remaining interest in the current work was to explore 
the potential effect of expecting external memory support on 
metacognitive predictions of performance and metacogni-
tive accuracy. Here, participants’ performance predictions, 
in general, did not differ as a function of external support 
expectations, despite the cost observed in actual memory 
performance in the told-store condition. This was initially 
surprising and contrasted with the clear cost that individuals 
predict in unaided free recall when losing an expected sup-
port (Kelly & Risko, submitted; Lu et al., 2022; Park et al., 
2022). This result initially suggested that individuals did 
not see the loss of an external support as necessarily lead-
ing to a reduction in performance in the case of recognition 
memory despite investing less effort during study when they 
expected the external store (as suggested by the study time 
data). However, upon further examination, the general lack 
of predicted cost appeared to be the aggregate result of two 
opposing effects as a function of condition order (told-no-
store trial first vs. told-store trial first). Specifically, there 
was a relative cost to recognition memory predicted by those 
who experienced the told-no-store trial first (and told-store 
trial second), and a relative benefit predicted by those who 
experienced the told-store trial first (and told-no-store trial 
second). The initial critical trial yielded higher performance 
predictions than the second critical trial, regardless of con-
dition order. The effect of expecting external supports on 
performance expectations appears more complex than pre-
dicting a general (lack of) cost. Participants were able to 
make predictions of performance that correlated positively 
with their performance. This was true regardless of external 
support condition (the exception being in the told-no-store 
condition when relating prediction to hit rate), and that there 
was no discernable influence of expecting support on the 
magnitude of these correlations. It appears from this cur-
rent experiment that individuals have some metacognitive 
awareness of their general recognition memory ability in 
contexts that include external memory supports but that they 
are insensitive to the cost of losing an external support.

With respect to use of external supports, although we did 
not include the post-task prompts from earlier experiments 
in Experiment 4, we did find evidence that individuals are 

using the external support during the trust trials. That is, like 
in Experiments 3a and 3b, it was clear in Experiment 4 that 
performance indices were significantly better (i.e., higher hit 
rate and sensitivity, lower false alarm rate) when the exter-
nal support was available compared to on the critical trials 
where it was not available.

General discussion

We have long used external memory aids to support our 
ability to remember. In the present work, we aimed to better 
understand this behavior and its potential consequences on 
recognition memory. Across five preregistered experiments 
(and an exploratory mini meta-analysis of these experi-
ments), we found support for the idea that expecting exter-
nal memory supports can negatively influence recognition 
memory performance. These findings support the broader 
idea that, while the support of external aids is helpful and 
often necessary, there are clear costs to unaided memory if 
an expected support has been lost. We also sought to under-
stand the potential influence of external support expectation 
on recollection and familiarity. We found some evidence 
that recollection is affected by expecting external support 
which did not seem as clear for familiarity (Experiments 
2, 3a, and 3b). Our results are consistent with the idea that 
expecting external supports affects effortful encoding pro-
cesses that are particularly key for developing a sense of 
recollection for the to-be-remembered information. This is 
in line with a study effort hypothesis about the influence 
of expecting external support on the degree to which one 
expends top-down, intentional mnemonic efforts to commit 
to-be-remembered information to internal memory. Despite 
these findings, the present work also suggests that the gen-
eral effect of expecting external memory support in recogni-
tion memory is far less of a cost than that seen in free recall.

To better understand the nature of the cost to recognition 
memory of expecting external support, the final experiment 
of the present work sought to test the feasibility of reduced 
study effort – indexed via study time – as an explanation for 
this cost. Along with clear effects of external store condition 
on study time, there was a positive influence of study time 
on the resulting memory performance indices (though not 
significant for hit rate) and, critically, a partial mediation of 
study time (though not significant for hit rate). All these pat-
terns mirror those that have been found in recall. In addition, 
as mentioned earlier, these findings suggest that a portion of 
the cost to recognition memory performance is not explained 
easily with a study effort hypothesis and therefore align with 
the findings that some portion of the cost observed in free 
recall is also not easily explained by study effort reduction 
(Kelly & Risko, 2022b).
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Given the clear effect of external support condition on 
study effort, the current results also suggest that the small 
effect of expecting external support on unaided recognition 
memory performance is not because participants are not 
varying study effort as a function of external store condi-
tion. Instead, the current results are consistent with the idea 
that participants do modulate study efforts in response to 
expecting external support (compared to expecting no such 
support), but that, critically, this modulation seems to show 
little cost to recognition memory performance, especially 
compared to the costs reported in previous in free recall 
(e.g., Kelly & Risko, 2019a, 2019b, 2022a, 2022b; Lu et al., 
2020, 2022; Park et al., 2022). One potential explanation for 
this is that recognition testing is less sensitive to more shal-
lowly encoded information, as it provides additional environ-
mental support (the stimuli to endorse as “old” or “new”). 
Thus, study effort (needed for deeper encoding) would have 
less influence on memory in the context of recognition.

Some support for the idea that study effort has less influ-
ence on memory performance in the context of recognition 
comes from comparing the relation between study effort 
(study time) and performance between Experiment 4 of the 
current work and earlier work by Kelly and Risko (2022b). 
In Experiment 4 of the current work, correlations between 
study time and performance indices were r = 0.23 for hit rate, 
r = −0.08 false alarm rate (not significant) and r = 0.25 for 
sensitivity in the told-no-store condition. For the told-store 
condition, correlations between study time and performance 
indices were r = 0.10 for hit rate (not significant), r = −0.19 
for false alarm rate and r = 0.25 for sensitivity. Although not 
reported, using the recall data of Kelly and Risko (2022b) 
posted to the Open Science Framework, the correlations 
between study time and performance were r = 0.28 (E1a) 
and r = 0.38 (E1b) for the told-no-store group and r = 0.41 
(E1a) and r = 0.40 (E1b) for the told-store group. While it 
may not be advisable to statistically compare these given 
design differences, the correlations between study time and 
performance for the recall data appear consistently greater 
than those for the recognition data. Whether this is true in 
general may be a valuable direction for future research.

The trust trial performance (when external store is avail-
able), especially relative to critical trial performance (when 
external store is unavailable), and the memory strategy self-
reports, together, suggest that individuals may not have been 
relying as much on external support in the current task as has 
been the case in previous research using a recall task. For 
trust trial performance, wherein the support was available 
and, therefore, virtually perfect performance was possible, 
actual performance was below 90% in the earlier experi-
ments; in later experiments, it still did not exceed 95% unlike 
in prior work using free recall tests (e.g., Kelly & Risko, 
2019a, 2019b; Kelly & Risko, 2022a, 2022b; Lu et al., 
2020, 2022; Park et al., 2022). Furthermore, throughout 

Experiments 1–3b, the post-task prompts suggested that 
regardless of external support condition, individuals opted 
for a memory strategy more reliant on their own internal 
memory versus the saved list, even in the case of the told-
store condition. Thus, the smaller cost to recognition mem-
ory performance relative to free recall could reflect, at least 
in part, less reliance on external supports for recognition 
memory. It remains an open question whether the cost of 
relying on an external memory support would remain differ-
ent across recognition and recall if individuals were to rely 
on the stores to the same extent across tasks.

Less reliance on external memory supports during rec-
ognition could be due to a variety of reasons. For example, 
given that the trust trials allow participants to gain a sense 
of the task demands, on the critical trials participants may be 
content with the performance that they can achieve without 
relying on the external store. It might be the case that in the 
kind of recognition task used here, achieving “acceptable” 
performance might be deemed possible without relying 
much on the external support, whereas this might be less 
likely to be the case in free recall. If participants feel they 
can achieve “acceptable” performance without the exter-
nal store, then electing not to use the external store seems 
rational, given that use itself could be associated with costs.

In the Introduction, we outlined a cost-payoff framework 
of investing study effort given its costs and the expected 
payoffs (e.g., memory benefits) of doing so. Again, when 
an external support containing the to-be-remembered infor-
mation is expected, the same payoffs (or better) from study 
effort can be expected without investing that study effort. 
That is, retrieval success can be expected without study effort 
as the external support can provide this information upon 
retrieval. Hence, a study effort hypothesis suggests that there 
is less effort likely to be invested in this scenario compared 
to expecting no external support. Using this same cost-payoff 
framework, the payoff from consulting the external support 
(i.e., the perceived effect on performance) during recogni-
tion may not be worth the cost to consult it (i.e., the effort 
involved). Hence, using the store is also effortful in some way 
and must be balanced with the efforts required from internal 
memory to achieve “acceptable” levels of performance. This 
is consistent with a recent computational model proposed 
by Gilbert (2024) wherein storing information internally 
gives rise to an opportunity cost (given limited capacity) and 
wherein storing information externally gives rise to a small 
physical cost (though with unlimited capacity).

One final objective of this work was to explore the poten-
tial influence of expecting support on expected (predicted) 
recognition memory performance. We found that individuals 
provided predictions that generally correlated (and positively 
so) with their actual performance, suggesting some metacog-
nitive awareness of their recognition performance. At first 
glance, individuals’ predictions did not show a general cost 
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of expecting external support, which was unexpected as this 
has been repeatedly demonstrated in the context of recall. 
However, upon further analysis, this lack of general cost 
appeared to be due to some participants predicting a cost 
(those who experienced the told-no-store condition before 
the told-store condition) and some participants predicting 
a benefit (those who experienced the told-store condition 
before the told-no-store condition). The modulation of con-
dition order (told-no-store first vs. told-store first) on these 
predictions suggest that expectations of performance are 
easily influenced by unexpected factors. These varied find-
ings could also reflect the fact that the cost is smaller in the 
present recognition experiments than in the previous recall 
experiments and more work is needed to determine whether 
this reflects an area of genuine difficulty for metacognition. 
It might also be worth examining whether individuals pre-
dict a benefit to recognition of having external support.

The general costs of expecting support across both types 
of memory testing are clear. While we wish to avoid over-
speculation and believe there to be nuanced differences 
between recognition and recall, this robustness seems to sug-
gest that other forms of memory testing (e.g., cued recall, 
source memory) are likely to demonstrate similar findings. 
Exploring how current (and prior) results extend to other 
forms of remembering could provide support for more gen-
eralized insights.

Conclusion

The present work sought to extend our understanding of 
the effects of expecting external supports to a recognition 
memory test. Across five preregistered experiments, results 
evidenced a cost to recognition memory but one not nearly 
as pronounced as that found in the context of free recall. The 
current work also supports the idea that study effort reduc-
tion can explain, in part, the cost of expecting support on 
unaided memory and thus, critically, a portion of the cost 
is not easily explainable due to differences in study effort.
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